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Numerical Analyses of the Effects of Fuel Load Variation on
Combustion Performance of a Pellet Fuelled Boiler

Bilal Sungur?!, Bahattin Topaloglu®”

Abstract: Domestic and industrial energy requirements since the beginning of industrial revolution have
been largely met by fossil fuels. This leads to a continuous increase in the Earth's atmosphere of carbon
dioxide and other harmful components. Also, fossil energy resources decreasing day by day and scientists
have turned to new research. In this context alternative energy sources have an important role to reduce
dependence on fossil fuels. One of the alternative energy sources is biomass and pellet fuel is one of them.
In this study, combustion characteristics of pellet fuel in a model smoke tube boiler at different loading
conditions were investigated numerically. As a Computational Fluid Dynamic (CFD) program FLUENT
package program was used. Calculations were performed at two dimensional conditions. According to
various loading conditions, temperature and stream function contours, velocity vectors, exhaust gas
temperatures and efficiencies were investigated and results were discussed. With decreasing thermal load,
the exhaust gas temperatures decreased and boiler efficiencies increased. By reducing thermal power from
the maximum value of 75 kW to the minimum value of 30 kW, the exhaust gas temperature decreased from

585 K to 429 K, whereas the thermal efficiency increased from 76% to 89%
Keywords: Biofuels, Numerical modeling, Pellet, Pellet boilers

1. Introduction

Today, saving energy and studies on the renewable
energy resources is gaining importance day by day
in the face of declining fossil-based resources.
According to the sources, the distribution of energy
consumption performed by taking the average of the
last 5 years (2011-2015), the highest consumption
is oil with 33% and it is followed by coal with 30%
(Sungur et al., 2017). Studies on biomass which is
one of the renewable energy sources has gained
importance recently. Positive features of biomass
fuels in terms of economic and environmental are
among the reasons to prefer this renewable source.
Some countries see bioenergy as the main energy
source of the future and benefit from this energy
source with a significant amount. Boilers can be
defined as closed vessels in which combustion
occurs and heat from combustion is transferred to a
fluid. In general, boilers are used for heating
purposes in houses and in many industries which

require energy. The energy efficiency of boilers is
dependent on combustion quality and amount of the
combustion energy transferred to the fluid.
However, flue gas emissions dependent on
combustion quality, grate type, the amount of the
contaminants in the fuel and operating conditions of
the combustion system.

Pellet fuels are one of the biomass energy sources
and can be made from sawdust, wood chips, bark,
waste, agricultural products, stems of crops,
hazelnut, almond and walnut shells etc. These
materials, compressed under

high pressure after grinding and typically 6-8 mm
in diameter, 10-11 mm in length, with a cylindrical
structure and it’s called with the name of pellet.
Pellet fuel is a sustainable resource and has many
advantages: reduces fossil fuel imports, contributes
to the economy, leaves less waste after usage, and
leads to exhaust emissions within acceptable limits.

'Ondokuz Mayis University, Faculty of Engineering, Department of
Mechanical Engineering, Samsun/Turkey.
*Corresponding author: btopal@omu.edu.tr
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Considering the scope of this study a literature
search was carried out on the numerical modeling
of the combustion of solid fuel boilers. (Begum et
al., 2014) investigated the fluidized bed gasification
of solid waste experimentally and numerically.
They did their experiments on a pilot scale gasifier
and they used Advanced System for Process
Engineering (Aspen) Plus software for numerical
calculations. They stated that experimental and
numerical methods were in good agreement and
they said that the model could be useful to predict
the temperature, pressure, air-fuel ratio and steam-
fuel ratio of a gasification plant. (Porteiro et al.,
2009) carried out numerical analyses with Fluent
6.3 program on 24 kW pellet boiler in their work.
They used k-g& model for modeling the turbulence,
Discrete Ordinate (DO) model for modeling the
radiation and Arrhenius Finite rate/Eddy dissipation
model for modeling the gas phase. They presumed
that biomass volatiles consist of CO, CO2, H20,
H2, light hydrocarbons (CH4) and heavy
hydrocarbons (C6H6). As a result they compared
the gas temperatures and concentrations with
numerical and experimental methods and they
stated that the results were in good agreement.
(Chaney et al., 2012) investigated the combustion
performance and NOx emissions optimization of 50
kW pellet boiler. They said that there are many
parameters which can improve the combustion
performance and NOx emissions like primary and
secondary air adjustment, secondary air inlet
number etc. For modeling the gas phase they used
Eddy Dissipation model and as a CFD program,
they used Fluent program in their calculations.
(Collazo et al., 2012) simulated the domestic pellet
boiler with CFD program and they used Finite
rate/Eddy dissipation model for modeling the gas
phase. They stated that the numerical results were
in good agreement with the experimental results. As
a result of the boiler analyses, they specified that the
positions of water tubes and air inlet distributions
were important factors which can cause the high
emissions in such systems. (Klason and Bai, 2007)
investigated the effect of secondary air on the
combustion characteristics of wood pellets in a
grate-fired furnace. They compared flame
temperatures, distributions of CO and NO
concentrations experimentally and numerically.
They stated that the biomass combustion can be
powerfully controlled by the secondary and tertiary
air injection. (Lee et al.,, 2011) researched to
optimize the furnace design of a pellet stove with
30000 kcal/h  capacity experimentally and
numerically. As a result of their study, they said that
for good gaseous mixing and combustion efficient

use of furnace volume is necessary. (Zhou et al.,
2005) aimed to optimize operating conditions and
design parameters of straw combustion in a fixed
bed. They observed that the simulation results (gas
concentrations at the bed surface, ignition flame
front, and bed temperature) were in good agreement
with experimental results. (Sui et al., 2013)
numerically investigated the biomass briquette
combustion in the grate. They presented
temperature, oxygen and carbon dioxide
distribution as numerical results and evaluated
them. (Dong and Blasiak, 2001) numerically
analyzed the systems distributed the secondary air
into to the boiler, which aims to reduce emissions
by more efficient combustion for 15 MW solid
biomass-fired and 29 MW coal-fired boilers,
respectively. They used Arrhenius finite-rate
reaction mechanism and the Magnussen and
Hjertager eddy-dissipation model to calculate the
relationship between turbulence and chemistry.
They took the biomass and coal gas reactions
chemical data’s directly adopted from the data
generated by methane combustion reactions from
the Fluent program and they stated that the
numerical results were successful. (Goémez et al.,
2012) compared the heat transfer, temperature and
species concentration of a domestic pellet boiler. As
a result, they stated that the numerical results were
in acceptable level of accuracy in comparison to
experiments. Also, they numerically investigated
the effect of water temperature on a pellet boiler and
they showed that low water temperature increased
the heat transfer. (Ahn and Kim, 2014) designed a
pellet fuelled boiler and then they carried out
experiments and numerical simulation with this
boiler. They stated that the flame forms an arch
from the second grate and this issue was predicted
well by numerical simulations.

From the literature, it can be seen that the studies
mainly focused on investigating the amount,
number and positions of the secondary air, air inlet
distributions, positions of the water tubes and
comparing these effects on the performance and
emissions of a boiler. In this study, combustion
characteristics of a model pellet boiler for various
loading conditions were analyzed numerically with
Fluent program. Calculations were made for two-
dimensional conditions. As the turbulence model
RNG k-¢ model, as the combustion model Finite
rate/Eddy dissipation model and as the radiation
model P1 approach was used. Temperature and
stream function contours, velocity vectors, exhaust
gas temperatures and efficiencies were investigated
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for various loading conditions and results were
discussed.

2. Material and Method

Pellet fuel combustion occurs in four stages, like
other solid fuels which are drying (evaporation of
water), pyrolysis (separation of the wvolatile
components), and combustion of volatile
components and combustion of fixed carbon as
shown in Figure 1 (Pelletsatlas, 2009).

In the solution of combustion problems analytical,
experimental and numerical methods can be
applied. These methods can be applied separately,
or they can be used together. Due to developments
of powerful computers, numerical methods have
been used quite often in recent years. In this study
Fluent program was used as CFD program and
therefore some information was given about the
details of the submodels which were used in this
program.

Fluent is a computational fluid dynamics program
(CFD) which can model various processes like fluid
motion, heat transfer, particle motion, and
combustion. It transforms the partial differential
equations to algebraic equation form and solves
these equations numerically. Various options are
available for combustion modeling in Fluent
program (Fluent, 2006). These are species transport
model, non-premixed model, premixed model,
partially premixed model, composition PDF model.

For the combustion modeling, species transport
model was used in this study so brief description of
this model are given below:

Species Transport Model: This model can be used
to solve the problems as non-premixed combustion,
premixed combustion, and partial premixed
combustion. In this approach, the conservation of
the species mass fractions is defined by the user
contains a solution of chemical reactions. The
reaction rates and the relationship of turbulence-
reaction are taken into account with Arrhenius
equation and/or Magnussen-Hjertager equations by
the following models: laminar finite rate, finite-
rate/eddy dissipation, eddy dissipation and eddy
dissipation concept models (Fluent, 2006). Finite
rate/Eddy dissipation model computes both the
Arrhenius and the Eddy dissipation rates and uses
the smaller value as the reaction rate.

Gasification and combustion

¥
i

»
Drying

o 4 .
000 #-8-

—p-

Fixed carbon combustion

Figure 1. Pellet fuel combustion steps (Pelletsatlas,
2009)

In this study, volatile components of pellet fuel
were modeled at a gas phase in a model boiler. The
part of the fixed carbon was modeled by injecting
carbon particles above the grate. Calculations were
made at two-dimensional conditions. For modeling
the turbulence RNG k-g model, for modeling the
combustion Finite rate/Eddy dissipation model and
for modeling the radiation P1 approach were used.

In reaction model, calculations were performed by
entering the following equations into the program:

CeHe + 13/, 0, > 6C0, + 3H,0 1)
CHy +3/,0, > €O + 2H,0 )
Hy +1/,0, - H,0 ©)
co+1/,0,- co, @)
€0, - C0+1/,0, (5)
C<s>+0,-C0, (6)

The geometric dimension of the model boiler is
given in Figure 2. Because of the boiler considered
as symmetric, calculations were carried out for only
one half of the boiler.

The mesh structure of the boiler which was used in
this study was shown in Figure 3. This mesh has a
102704 cell with interval size of Imm (medium
mesh). Also coarser (interval size of 2.5 mm and
finer (interval size of 0.5 mm) mesh structures were
tried by pre-calculations. These calculations
showed that the results of medium and fine mesh
structures were close to each other (Table 1), so in
this study, medium mesh was used.
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Figure 2. Dimensions of the pellet boiler

Figure 3. Mesh structure of the pellet boiler

Table 1. Effect of the mesh size for 30 kW boiler

power
Mesh Size Max Temp Exhaust Temp.
(K) K)
Coarse 1663,7 454,48
Medium 1832,2 428,5
Fine 1853,6 4224

Calculations were performed with the boiler power
of 30 kW which is the minimum loading, 45 kW, 60
kW, and 75 kW which is defined by full loading
conditions. Properties of the pellet fuels were given
in Table 2. The amount of moisture content in the
fuel is considered by adding it to the gas phase. It is
assumed that the volatile components consist of
CO, COgy, Hz, H20, NHg3, light hydrocarbons (CH.)
and tar (CeHs) (Gomez et al., 2012).

Table 2. Properties of the pellet fuel (Gomez et al.,
2012)

Proximate analyses

Moisture [wt %] 8.50

Ash [wt %] 0.62

Fixed carbon [wt.%)] 16.20
Volatile matter [wt.%)] 74.68
Lower heating value [kJ/kg] 18330

All the calculations were made for the constant
value of excess air coefficient A=2. All surfaces in
contact with water considered as the wall
temperature of 353 K. Outlet region introduced as
pressure outlet where atmospheric pressure
prevails, air inlet and fuel inlet are introduced as
velocity inlet. Iterations were continued up to the
value of 10-6 for continuity and energy
convergence criteria.

3. Results and Discussions

The temperature contours of pellet fuel combustion
are shown in Figure 4. As can be seen from the
figure, in all cases flame temperatures reached to
their maximum values in areas near to the grate, and
temperatures decreased toward the exit because of
the hot gases areas surrounded by water. In the case
of full loading conditions (75 kW), mean
temperatures in the boiler are higher than the other
cases because of the effect of increasing power. In
the case of minimum loading conditions (30 kW)
the maximum flame temperature (1897 K) occurred
near to the grate region and was higher than the
other cases due to the effect of low gas velocities.
The maximum flame temperature values were close
to each other in other loading conditions with the
temperature of about 1845 K. In the combustion
chamber, regions close to the water jackets,
temperatures were about 561-626 K in the case of
30 kW, 618 - 682 K in the case of 45 kW, 679 - 743
K in the case of 60 kW and 743 -807 K in the case
of 75 kW. In the inlet section of the central smoke
tube of the first pass (located above the flame) gas
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temperatures were about 1020 - 1080 K at 30 kW,
1130 K-1190 K at 45 kW, 1190 - 1250 K at 60 kW
and 1250 - 1310 K at 75 kW. The gas temperatures
in the inlet section of side tubes of the first pass
were about 822 - 887 K, 873 — 936 K, 996 - 1060 K
and 1060 - 1120 K in the case of 30 kW, 45 kW, 60
kW and 75 kW, respectively. From the first pass,
the gas flow turned to the second pass and cooled
further towards the exit.

Figure 5 shows the stream function contours. The
flow of hot gases which occurred as a result of fuel
combustion created a vortex in the combustion
chamber and near to the water channel, then turned
towards the smoke tubes and exited the boiler
properly. Gas velocities decreased with the effect of
decreasing loading conditions from full load to low
load and consequently the stream function values
decreased too. Also velocity vectors were given in
Figure 6. As can be seen from this figure the gas
velocities increased with increasing boiler heat
power.

The efficiency of a boiler can be calculated with
Eq.(7) as follows (Sungur et al., 2016), if losses are
neglected except sensible heat of flue gases:

Temperature (K}

1.90e+03
1.82e+03
1742403
1.66e+03

1582403
150e+03
1422403
134e+03
1.26e+03
1.18e+03
1.10e+03
1.02e+03
9.3%+02
8.50e+02
71902
6.9%e+02
6.19e+02
5.40e+02
4 6e+02
3.80e+02
3.00e+02

30 kw 45 kW

n= 1- (1 + )\Asto)(Texh - TO)Cp,exh /HU (7)

In this equation X is excess air coefficient, Asto is
stoichiometric air fuel ratio, cp,exh is specific heat
of exhaust gases, Texh is exhaust gas temperature,
Tamb is ambient air temperature and HU is lower
heating value of the fuel.

According to this equation the exhaust gas
temperatures can be used for comparison the boiler
efficiency by changing loading conditions. In
Figure 7, exhaust gas temperatures and efficiencies
are given for various loading conditions. The
maximum exhaust gas temperature occurs in the
case of full loading conditions with the temperature
of 585 K, and the minimum exhaust gas temperature
occurs in the case of minimum loading conditions
with the temperature of 429 K. Accordingly, with
the increasing heating power the exhaust gas
temperatures increased and boiler efficiencies
decreased. The maximum boiler efficiency was
89% at 30 kW heat power and the minimum
efficiency value is 76% at 75 kW heat power.

Al

60 kW 75kw

Figure 4. Temperature contours for various loading conditions
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Figure 5. Stream function contours for various loading conditions
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e = These values are compatible with the literature. In
=] [ the study of (Gomez et al., 2012), they numerically
] investigated the 18 kW domestic pellet boiler
%7 B performance and they reported that the maximum
=4 22 temperatures were about 1873 K and occurred close
o = i to the grate, exhaust gas temperature was 461 K and
20 (s efficiency was 77.2%. (Lee et al, 2011)
] Lo ™ investigated the domestic pellet boiler with 35 kW
] capacity and aimed to design an optimal furnace for
. | the boiler. They experimentally and numerically
w0 investigated different furnace geometries and stated
& i . . i % that the maximum flame temperatures were about
x : 5 © x 1530 K-1760 K. They also said that in the existing

Soler oower (kW)
Figure 7. Exhaust gas temperatures and efficiencies
for various loading conditions

pellet boiler the exhaust gas temperature was about
443 K. (Collazo et al., 2012) experimentally and
numerically analyzed the domestic pellet boiler
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with 18 kW capacity. They obtained from the
numerical simulations that at A=2.1, the exhaust
temperature was nearly 423 K, at A=2.25 the
exhaust temperature was about 428 K, at A=2.6 the
exhaust temperature was about 443 K and at A=3 the
exhaust temperature was about 448 K. Maximum
gas temperatures were about 1773 K and occurred
near to the grate. With increasing, air/fuel excess
ratio hot gas regions increased through the
combustion chamber.

4. Conclusions

In this study, combustion in a model pellet boiler is
analyzed numerically for various loading
conditions. Temperature and stream function
contours, velocity vectors, exhaust gas temperatures
and efficiencies were determined for various
loading conditions and results were evaluated. As a
result of calculations, the exhaust gas temperatures
increased and boiler efficiencies decreased with the
increasing heating power. In the case of full loading
conditions, the maximum exhaust gas temperature
occurred with a value of 585 K, whereas the
minimum exhaust gas temperature occurred with a
value of 429 K in the case of minimum loading
conditions. The efficiency of the boiler increased as
the temperature of the exhaust gas decreased. The
maximum boiler efficiency was obtained at 30 kW
heat power with the value of 89% and the minimum
efficiency value was obtained at 75 kW heat power
with the value of 76%.

To improve the efficiency different methods can be
developed according to the boiler loading
conditions. For example, turbulators can be inserted
to the smoke tubes in the boiler for prevent the high
exhaust gas temperatures in the case of full loading
conditions. In future studies, the combustion model
can be developed by applying more detailed
calculation for the combustion process (drying,
gasification, fixed carbon combustion) of solid
fuels. In this way, the effect of various loading
variations on the harmful exhaust emissions such as
NOx can be also calculated.
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An Assessment of Shallow Groundwater Wells
Agricultural and Coastal Area in Goksu Delta, Turkey

Esra Deniz Giiner!”, Senem Tekin?, Galip Seckin!

Abstract: The Goksu Delta of Turkey is an alluvial delta with intense agricultural activity and has great
ecological and economic significance. The delta is environmental protection area in term of remarkable in
natural life. In particular, water birds are an important point, delta chosen as Ramsar site. So, this special area
is important in terms of monitoring water quality and effects of anthropogenic activities (such as
agricultural). Water samples were collected monthly from 24 wells in the study area, and 13 water quality
parameters were examined. The objective of the study was also to determination the water quality in wells of
the Goksu Delta and assess levels of salinisation in the region. Piper diagrams and the Geographic
Information Systems (GIS) was used to generate ionic ratios to evaluate water quality in the study area in an
efficient manner. Overall, the groundwater examined has medium levels of salinity and low sodium content.
Piper diagram shows that all the samples collected from the region are located in NaCl, KCI, Na2SO4 zone.
The increase in groundwater salinity and amounts of Na+ and Cl- are indicators of saltwater intrusion. Rock
dissolution and ion exchange were also found to play an active role in the region. All of these factors affect
the sustainability of the freshwater aquifers and lower their quality for wildlife species.

Keywords: Groundwater quality, diagram, seawater intrusion, salinity, geographical information systems
(GIS)

1. Introduction seawater intrusion, geothermal fluids and
anthropogenic groundwater pollution (Baba and
The demand for freshwater resources has been Avyyildiz, 2006).
increasing gradually due to population growth, and
consequently, the use of underground water
resources as a source of fresh water has increased
over a short period. Shallow groundwater

resources are currently being used for agricultural

The precincts is an important part of the
Mediterranean region with its tourism potential,
important natural, historical and ecological
heritage area. The region host a wetland site

production in many parts of Turkey. Agricultural
activity results in the intense use of groundwater,
which in turn can have significant effects on the
quality of groundwater, particularly in shallow
coastal aquifers (Trabelsi et al., 2012; Huang et al.,
2013; Knight et al, 2013; Kastridis and
Kamperidou, 2015). Additionally, there is natural
groundwater pollution, which is due to geological
formation with shallow groundwater mass,
infiltration from low-quality surface water bodies,

which is classified as a Wetland of International
Importance according to the Ramsar Convention
due to its location along bird migration route.
Besides that, the area has a particular significance
for being one of the few remaining areas where sea
turtles lay their eggs in the world. In this area there
are significant and intense agricultural activities
each month of the year due to it being
characterised by a typical Mediterranean Climate.
With these properties, a careful examination of the
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hydro-chemical qualities of coastal aquifer systems
is crucial to assess the current condition of the
aquifers, levels of saltwater intrusion, and impacts
of human-environment interaction.

In this study, the water quality was examined from
24 wells samples. Physical and chemical water
quality parameters were analysed over the period
of a year. This study provides both an overview of
the hydrochemical parameters in the delta, using
hydro-chemical parameters, and evaluates the
distribution of geochemical parametres and their
variations using graphs and GIS maps.

2. Material and Method
2.1. Description of the study area

The Goksu Delta is situated in the Mediterranean
Sea region of Turkey between latitude 35035' N
and longitudes 33017" E (Figure 1). The Goksu
Delta was formed by the deposition of alluvial
material carried by the Goksu River. A wide
flatness characterizes the geomorphology of the
study area that has an elevation that ranges from
0 to 5 m in height above the sea. Goksu delta is in
the east of the Paradeniz and Akgol lagoons. The
total area is about 15 000 ha which 226 km2 is the
protection area.
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Figure 1. Sample sites in the Goksu Delta.
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Meteorological data have obtained from Silifke
Meteorology Directorate’s TUMAS  (Turkish
Meteorological Archiving System) which has the
most eligible data for study site and database via
formal request (Table 1). Wet and mild winter
combined with dry and hot summers are typical for
the coastal zone around the Mediterranean Sea.
The meteorological data of Silifke indicates that
annual average temperature was 20.89°C, total
annual precipitation was 606.8 mm, and average
annual relative humidity was 55.5%, the mean
annual precipitation is 43.3 mm in the Goksu Delta
between May 2011 and April 2012,

Table 1. Range of meteorological parameters in
the Goksu Delta

Temperature Relative Precipitation Temperature
(°C) humidity | (mm) (°C)

(%)
Maximum 254 77.1 375
Minimum 17.0 30.1 14.8
Average 21.0 55.5 21.4

2.2. Sample collection and analysis

A total of 24 water wells were selected, in the
Goksu Delta to represent all the study areas. Water
samples from the selected wells were collected on
a monthly basis over a year. pH and EC values of
the samples were measured on site using; WTW
brand pH-meter and an Orion brand conductivity
meter A Shimadzu ion chromatography (IC)
device was used for Anion (SO42-, Cl-, NO3-)
analyses, and Optical Emission Spectrometry
(ICP-OES) was used for the analysis of Cations
(Ca2+, Mg2+, Na+, K+). The detection of
carbonate (CO32-) and bicarbonate (HCO3-) in
water was made using titration of H2SO4 acid
solution with methyl orange and phenolphthalein
as indicators. Total dissolved solids (TDS) analysis
was carried out using Method 2540 C. Standards to
check the accuracy and precision of the analyses
were provided before and during the analysis.

Sodium adsorption ratio (SAR) used in the
classification of water, the residual sodium
carbonate (RSC) and %Na are calculated

respectively according to the following formulas
below. All ionic values used in these formulas are
in meg/l.

The sodium adsorption ratio (SAR) was calculated
by using the following formula (Raghunath, 1987):
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Na*
SAR = ————
CaZ++Mg2+
2
The residual sodium carbonate (RSC) was

determined as follows (Eaton, 1950):
RSC = (CO%™ + HCO3) — (Ca?* + Mg?*)

The %Na was determined as follows (Wilcox,
1955):

100 x Na*

9%Na =
oNa = N T Ca2 ¥ K+ + Mg2*

3. Results and Discussion

The descriptive statistical overview of the
hydrochemical data of the groundwater is
presented in Table 2. The water samples obtained
from the wells in the study area had pH values
ranging from 7.5 to 8.19 with mean =+ s.d. of 7.82-
0.04, which indicates slightly alkalinity.

Distribution maps for EC, CI, TDS and SO.*
which are strong indicators of seawater intrusion,
are displayed in Figure 3, clearly showing that
these parameters are higher in the Goksu region.
The average annual EC was measured as 1471.74
+ 1262.63 uS/cm (mean =+ sd). TDS values varied
from 156.61 to 3941.3, with an annual average of
807.88 + 821.98 mg/L (mean * sd). The
examination of seawater intrusion using EC
values, with the threshold value set at 1000 puS/cm,
shows indicators of high EC seawater intrusion
into the wells, varies with the time of the year, and
possess a serious threat to water quality. The
assessment of groundwater samples for salinity
from the Goksu Delta showed that none of the
samples met the criteria for freshwater
classification (TDS<500 mg/L) in terms of total
dissolved solids, all samples are classified as
brackish water. Increasing salinity in coastal
groundwaters is an indicator of saltwater intrusion
and results in decreasing the use of the aquifer as it
no longer provides high-quality irrigation water.

Table 2. Average of 12-months analytical results of water quality parameters from G6ksu Delta

Sample | T PH | EC TDS Ca?* | Mg** | K* | Na* | CI S04% | NOs™ | HCOs | COs*
Point

1 20.7 | 7.7 | 1014 605.15 | 88.61 | 51.91 | 5.05 | 31.6 94.8 228.8 | 12.4 | 3479 | 5.93
2 20.2 | 7.7 | 1324.6 | 796.88 | 100.4 | 48.04 | 5.69 | 77.5 127.74 | 251.3 | 12.2 | 3816 | 258
3 203 | 8 667.42 | 574.69 | 8552 | 45,52 | 4.89 | 88.2 212,77 | 169.3 | 12.1 | 191.1 17.6
4 204 | 8 883.67 | 392.82 | 78.23 | 20.56 | 4.88 | 108.7 | 94.02 226.6 | 12.1 | 211.3 17.1
5 212 | 7.6 | 1632 817.65 | 15.83 | 14.77 | 7.43 | 282 308.89 | 172 124 | 311 5.58
6 22.8 | 7.6 | 1208.5 | 728.74 | 63.66 | 48.29 | 14.7 | 89.34 | 98.5 253.7 | 12.2 | 453.7 | 2.05
I 212 | 8 1106.2 | 555.87 | 43.61 | 63.39 | 11.7 | 191.7 | 171.61 | 3215 | 12.1 | 285.7 11.4
8 20.8 | 8.2 | 1014 523.32 | 21.39 | 20.46 | 13.6 | 134.3 | 136.69 | 138.7 | 124 | 2404 | 22.4
9 204 | 8 1171.4 | 548.93 | 19.36 | 21.55 | 13.9 | 149.1 | 154.93 | 151 12.1 | 251.9 11.8
10 204 | 8 832.08 | 405.14 | 21.55 | 19.28 | 6.19 | 110.4 | 111.92 | 124.1 | 12.1 | 229 14.4
11 209 | 8.1 | 1104.9 | 551.18 | 28.07 | 18.22 | 11.3 | 155.9 | 123.13 | 245.7 | 12.5 | 264.9 21.4
12 223 | 7.7 | 5677.5 | 3941.3 | 124.8 | 125.6 | 345 | 880.1 | 1597.6 | 299.8 | 124 | 211.6 | 2.33
13 22.3 | 7.8 | 4629.2 | 2695.1 | 100.8 | 96.22 | 31.8 | 741.8 | 1279.4 | 207.8 | 12.9 | 234 4.98
14 20.7 | 7.8 | 753.33 | 322.7 56.28 | 31.54 | 3.27 | 25.72 | 112.64 | 105.6 | 12.6 | 233.6 9.55
15 20.7 | 7.7 | 949.75 | 488.31 | 136.4 | 64.44 | 4.2 42.05 | 185.13 | 250 12.7 | 289.2 5.08
16 20.5 | 7.8 | 1429.3 | 610.05 | 44.36 | 44.39 | 3.02 | 169.3 | 332.06 | 123.3 | 13 205.2 | 7.63
17 227 | 7.9 | 12776 | 568.92 | 37.35 | 27.65 | 5.99 | 149.6 | 254.34 | 130.8 | 13.3 | 196.5 13.8
18 22 8.2 | 3352.5 | 1517.1 | 36.68 | 29.98 | 20.4 | 452 543.51 | 223.5 | 13.3 | 267.6 23.1
19 216 | 7.8 | 265.57 | 156.61 | 31.57 | 13.4 4,66 | 411.1 | 100.51 | 302.3 | 12.3 | 77.75 | 9.88
20 20.9 | 7.9 | 601.25 | 256.4 | 45.06 | 25.96 | 2.41 | 31.8 72.02 1142 | 125 | 2035 | 9.97
21 20.7 | 7.6 | 633.42 | 308.15 | 36.86 | 16.64 | 2.71 | 53.44 | 77.32 115.7 | 125 | 221.7 2.6
22 231 | 7.6 | 924.75 | 528.17 | 96.81 | 30.69 | 6.32 | 19.51 | 123.47 | 160.7 | 12.7 | 260.7 2.57
23 21.3 | 7.7 | 2041.6 | 994.67 | 74.45 | 34.29 | 5.11 | 255.5 | 362.65 | 205.8 | 12.5 | 273.6 2.58
24 224 | 7.5 | 827.33 | 501.29 | 110.8 | 35.84 | 2.51 | 23.54 | 145.61 | 181.4 | 12.3 | 3055 | 2.48

*The water temperature (T) is in °C, electrical conductivity (EC) is in uS/cm, and the other parameters are in mg/L.
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The amount of CI in the water from sample sites
varied between 72 and 1598 mg/L and the ClI- in
groundwater comes from rocks, from rain water
and melting snow, and from the atmosphere
(Belkhiri et al., 2012). Apart from these sources,
the only other source of chloride in groundwater is
seawater. Surface water in coastal areas has very
high CI" content, which makes up more than half of
all elements dissolved in seawater (Demir, 2008).
Studies show that when CI- amounts are over 250
mg/L, the groundwater in question is either already
intruded by saltwater or is under serious threat of
intrusion (Andreasen and Fleck, 1997; Essink,
2001; Demirel, 2004; Arslan, 2011). Examining
seawater intrusion using CI- content, with the
threshold value set at 250 mg/L, we have observed
indicators of seawater intrusion in wells 12, 13, 18
and 23. High levels of sulphate in groundwater
may be an indicator of seawater intrusion into the
coastal aquifers (Wang and Jiao, 2012; Huang et
al., 2013). Examining seawater intrusion using
S04% contents, with the threshold value set at 250
mg/L, we have observed in wells 2, 6, 7, 12, 15
and 19 that SO,* contents were above the
threshold. The average annual SO4* amount in the
Paradeniz region was found to be 914.8 mg/L.
Previous studies show that, compared with
seawater, clean shallow coastal aquifers have
lower concentrations of sulphate (Werner et al.,
2013).

The average annual values Ca®* and Mg?* ranged
from 15.83 mg/L to 136.43 mg/L and 13.4 mg/L to
134.8 mg/L, with mean + s.d. of 62.43-7.35 mg/L
and 39.9-5.73 mg/L, respectively. The Ca?
content was higher wells in the limestone
bedrocks, and the Mg?* content was higher wells in
the dolomite area (Jiang et al., 2009).

The Na* and K* values ranged from 19.5 mg/L to
880.0 mg/L and 2.41 mg/L to 34.46 mg/L, with
mean + s.d. of 194.75-45.42 mg/L and 9.42-1.76
mg/L, respectively. Na* was relatively high
compared with Ca?* whichindicate the probable
high TDS, hardness and alkalinity of the water
samples.

The average annual NOs and K* concentrations
have been observed to be 12.49 mg/L and 9.42
mg/L respectively in the study area. These value
are a clear indicator of groundwater pollution in
the region by agricultural activities. Several
different studies have shown that the source for
nitrate pollution is from different agricultural
practices (Kim et al., 2005; Zhao et al., 2010;
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Landon et al., 2011; Giiler et al., 2012; Qin et al.,
2013).

Taking into consideration the intensive agricultural
activities in this area and the commercial
composites that have been applied for an extended
period, the high NOs; content may be due to
agricultural fertiliers. The main component of
fertiliser, NH4* is easily oxidized into NO3™ by the
nitrification process (Kim et al., 2005). Also, K*
concentration in natural groundwater is usually
expected to be less than 5 mg/L (Ltd., 2004). K*
concentrations above this level might bean
indication of fertilizer-related pollution. The
average annual K* value of 9.42 mg/L observed in
the study area is a clear indicator of agricultural
pollution in the groundwater of the region.
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Piper Diagram
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Figure 2. Major ion composition of groundwater at Goksu Delta represented using the Piper diagram (Piper,

1944)

Piper diagrams is developed to display different
types of waters understand and define the water
composition of different classes. Piper diagram
was used to conduct origin and hydro-chemical
facies analyses of the sampling sites (Fig.2). Piper
diagram shows that all the samples collected from
the region are located in NaCl, KCI, Na;SO4 zone.
Waters located in this zone, such as seawater and
highly brackish water, have high chloride, sodium
or potassium content. In addition, in Relatively
high amounts of SO4> and Ca?* shown in the piper
diagram indicate a process of mixing. Sulfate may
have remained in the region due to the dissolution
of the small amount of gypsum rocks found
throughout the delta and due to vaporization as a
result of over-irrigation, and calcium may have
resulted from the dissolution of calcite rocks. Also,
the samples are very rich in the anionic species,
especially the chloride content is high. The main
reason for this is the deep sea circulation in the
northern part of the well field. According to Figure
2 wells 11, 14, 20 and 22 are most likely calcium
sulphate and anhydrite origin. Sulphate enrichment
throughout the region indicates that the
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groundwater aquifer it is recharged by water from
evaporitic lithologies. Samples 9, 13, 23 and 25
show that clearly intrusion salt water. When
looking at well 23, it showas that Akgol lake has
been subjected to saltwater intrusion. In terms of
contents anions, CI> S04>> HCO3+COs*
whereas the cation contents show the following
relationship: Na*+K*> Mg?*> Ca?

On the basis of RSC and SAR values, which are
parameters commonly used to assess water
salinity, the water samples are classified as “fresh
water” (RSC and SAR values, respectively, were -
1.93+3.65and 5.13 + 4.86 (mean £ sd)) as seen in
Table 3. The %Na value is an important parameter
for groundwater that indicates whether the water is
suitable for use as irrigation water in agriculture.
The average annual %Na value was found to be
47.59 + 24.08 (mean * sd) in the study area. On
this basis,, the water samples are classified as
having “moderate salinity”. Over the one-year
period of study, during which several parameters
were measured, total hardness varied between
101.11 and 835.48, with an average value of
320.93 + 181.74 mg CaCOs/L (mean +s d). This
average value measured in the delta indicated
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“very high salinity”. In terms of CI° amounts
measured throughout the year (8 + 10.57 meg/L

(mean + sd)), the groundwater in the delta is
classified as having “moderate salinity”.
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Figure 3. GIS maps showing the distribution for CI- (a), NO3— (b), Na+ (c), and SO42- (d) in Goksu Delta

Table 3. Groundwater classification based on parameters

Avegare
. Class Fresh Slightly Moderately Highly Very highly Seawater | This work
saline saline saline saline

Parameter ™.
(Unit) ‘
Cl (meg/L) <2.8 2.8-7.1 7.1-14.1 14.1-28.2 28.2-282.2 >282.2 8
TDS (mg/L) 0-500 500-1500 | 1500-7000 7000-15000 15000-35000 >35000 807.88
EC (uS/cm) <700 700-2000 | 2000-10000 10000-25000 25000-45000 >45000 1471.74
Total Hardness | <75 - 75-150 150-300 >300 - 320.93
(mg CaCOs/L)
%Na <20 20-40 40-60 60-80 >80 - 47.59
RSC (meg/L) <1.25 - 1.25-2.5 >2.5 - - <1.25
SAR <6 6-10 10-18 18-26 >26 - 5.13
Adapted from (Konikow, 1999; Rhoades, 1992; Wilcox, 1955)
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4. Conclusions

The findings of the present study show that CI-,
S0O4* Na* and HCOj are the dominant ions in the
region, which is a reliable indicator of seawater
intrusion in the region. The EC and TDS contents
varied in a range that was much wider than is
normal for fresh water, which might be another
indicator of seawater intrusion in the region. The
Piper diagrams showed that water samples were in
the same zone with seawater and brackish water,
which are CI- and Na* type waters. The presence
of NOs, which, together with seawater intrusion,
represents an issue for groundwater management
in the region, may be due to the use of fertilisers.

Relatively high amounts of SO4% and Ca?* shown
in the piper diagram indicate a process of mixing.
Sulfate may have remained in the region due to the
dissolution of gypsum rocks found throughout the
delta and due to vaporisation as a result of over-
irrigation, and calcium may have resulted from the
dissolution of calcite rocks. Pollution distribution
maps created using GIS visualize the predicted
effects of seawater on the groundwater. Water
extraction from the inland wells for irrigation
purposes is also problematic and should be
prevented. Aquifers can be fed from the surface by
precipitation, or by water from rivers or other
aquifers. Thus, alluvial water may have different
characteristics at different points. Water resource
‘planning’ in the region should be replaced a
‘water management’ approach.
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Abstract: All fission products are classified as reactor poisons because they absorb neutrons to some extent,
most of which buildup slowly as the fuel burns up and eventually constitutes a long term reactivity effect in
the core. Amidst the numerous fission fragments produced per fission, the presence of Xenon-135 and
Samarium-149 has the greatest effect on a reactor core multiplication factor because of their large absorption
cross-sections. In this study, we present a modified one-group time independent neutron diffusion equation
using the method of Eigen functions and also provided an algorithm to calculate the temperature variations of
the neutron fluxes. The solution obtained from the diffusion equation was used to determine the initial thermal
neutron flux needed for the reactor startup. The four basic fission-product poisoning buildup and burn-up rate
equations were solved using direct integration method and constant flux approximation over a particular time
interval. Furthermore, a computer algorithm called Java code for Fission-Product Poisioning Build-up and
Burn-up (Jac-FPPB) code was designed to calculate the temperature variations of the neutron fluxes, fission -
isotopes cross sections and the atom concentrations of the fission products over a given time interval. The result
from Jac-FPPB code show that the neutron fluxes and neutron energies increase as the temperature of the fuel
increases. In addition, the computed atom concentrations of each fission isotopes at any given time interval
show that the isotopes increasingly build up steadily at the initial time interval and rises to a constant level
where the buildup rate of the isotopes approximately equals its burn up rate. This study concluded that the
designed algorithm (JaC-FPBB code) proved efficient as it could compute the build-up and burn-up rates for
the two important fission fragments in a nuclear reactor core. The code is easily accessible and can serve as a
tool for the development of nuclear energy in developing countries, especially Nigeria.

Keywords: Numerical computation, Cylindrical reactor core, Fission-Products poisoning, Neutron diffusion
equation, Samarium-149 and Xenon-135

1. Introduction constitutes a fission chain reaction. In addition, as
the fission chain reaction continues, many fission
All nuclear reactors operate on the principle of fragments popularly called nuclear reactor poisons
nuclear fission (Marcum and Spinrad, 2013). This buildup in the reactor core. However, some of these
is the process in which a heavy atomic nucleus splits poisonings particularly Xenon-135 and Samarium-
into two smaller fragments (Fermi, 1940). The 149 have large absorption cross sections for thermal
fission fragments are in very excited states and they neutrons, thereby constituting significant threat to
emit neutrons, other subatomic particles, and the normal operation of the reactor system.
photons. The emitted neutrons may then cause new
fissions which in turn yield more neutrons, and so The remainder of this paper is organized as follows.
forth. Such self-sustaining series of fissions The related work done is presented in Section 2.
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Section 3 explains our proposed method in detail.
Section 4 presents and discusses the results, and the
paper is finally concluded in section 5.

2. Related Works

In recent years, several studies related to the
numerical computation of poison build-up and
burn-up in the core of a cylindrical nuclear reactor
as well as the general computer codes to solving
these equations were carried out but were not made
accessible to people inside or outside the scientific
communities where they were developed. Fission
isotopes buildup/burnup and fuel depletion codes
have been developed and used in the nuclear
industry since the introduction of digital computing.
Codes used today to calculate fission product
buildup and burnup as well as their reactivity
transient effects include coupled neutronics
calculation and fission poisoning formation codes
and post-processing modules.

Yesilyurt et al. (2011) developed a multi-physics
code system called Oak Ridge Isotope Generation
and Depletion Scale (ORIGEN-S). This code solves
a set of ordinary differential equations to compute
the time dependent quantity of nuclides that vary
due to radioactive decay, isotopic transmutation,
and nuclear fission. In ORIGEN-S, nuclide number
densities at a given time, t, decay constants,
monoenergetic microscopic cross sections and
neutron flux were all computed and incorporated
into the code. The neutron flux does vary with time,
due to changes in the spectrum and isotopic
concentrations. Advanced depletion code systems
like ORIGEN-S generally involve coupling
between lattice physics transport methods that solve
for the neutron flux spectrum and generate problem-
depended cross sections and depletion methods that
simulate the time-dependent isotopic evolution.
Whether this is done in one integrated code or as
several modular codes, the functional requirements
are largely the same: neutron transport (or
diffusion) codes generate accurate problem-
dependent cross sections for use in the depletion
calculation, and the nuclide concentrations from the
depletion calculation are applied in the transport (or
diffusion) calculation in order to reflect the time-
dependent composition changes associated with
irradiation.

Meanwhile, earlier in 1998, ORIGEN-S program
was first developed by the Chemical Technology
Division of Oak-ridge national laboratory (ORNL)
to provides reliable bench mark result for such

18

computation which includes multi-group neutron
diffusion calculations, fuel burnup analysis and
fission product poisoning buildup and burnup
calculations. The numerical methods used in
ORIGEN SCALE or ORIGEN-S (Hermann and
Wesfall, 1998) solve for arbitrary matrix element
coupling using a hybrid approach that combines the
matrix exponential method with Bateman equations
for short-lived nuclides to obtain stable numerical
solutions for all nuclides. The method allows for
cyclical transition feedback, eliminating the need of
analytical methods to use linearized chains.
However, the highest fidelity approach simply uses
neutron absorption and fission reaction information
and fissile material cross sections generated in the
code to determine the nuclide concentration at the
next time step. This type of model allows for all of
the neutron flux information to be integrated into
the calculation without post-processing and
additional manipulation of the neutron flux and
cross-sections of fissile materials. Fission isotope’s
absorption and fission cross sections data for
individual nuclides are available as output for
Monte Carlo codes like Monte Carlo N-Particle
(MCNP), (Briesmeister, 1993). The major
requirement is that some sets of energy-dependent
cross-sections are made available for each nuclide
of interest at the required material temperature. The
neutronics code is used to calculate core criticality
(Ketr) and the energy dependent neutron flux for a
reactor or a region within the reactor. Typical
neutronics code such as MCNP Code uses the
neutron flux information and power density to
compute the fission nuclides composition for the
different time step. The process is repeated for an
extensive duration of fuel burnup cycle. Usually a
one-group thermal neutron flux generation code is
used to perform the fission buildup and burnup
analysis. Typical depletion/fission-product
generation codes include ORIGEN (Kord and Lulu,
2012) and EPRI-CINDER (England et al., 1976).

Parma, (2002) presented a Fortran computer code
design. This design was used to aid the analysis,
prediction, and optimization of fuel burnup
performance in a nuclear reactor. This computer
program is called BURNCAL- A Nuclear Reactor
Burnup Code Using MCNP Tallies. The code uses
output parameters generated by the Monte Carlo
neutronics code MCNP to determine the isotopic
inventory as a function of time and power density.
BURNCAL was also designed to study the
reactivity effects and isotopic inventory as a
function of time for a nuclear reactor system.
Neutron transmutation, fission and radioactive
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decay are included in the modeling of the
production and removal terms for each isotope of
interest. For a fueled region, neutron transmutation,
fuel depletion, fission-product poisoning, actinide
generation, burnable poison loading and depletion
effects are included in the calculation. In addition,
its flexiblity feature makes it useful in fission
product poisoning calculation.  Furthermore,
BURNCAL uses the neutron absorption and fission
information generated from the neutronics code in
calculating the nuclide mixture for the next time
step of interest.

Arshad (1994) presented a study on Xenon and
Samarium’s behavior in a typical PARR-1 core
comprising 22 low enriched uranium (LEU) fuel
elements operating at 5SMW and 10MW using a
point model. In the point model, the core power is
represented by average thermal flux. For this
purpose, the flux-power correlation was taken from
the core calculation results and the fuel parameters
were taken from the lattice studies carried out in the
context of conversion and upgradation of PARR- 1.

In another model called cell model, Xenon
concentration is evaluated using the actual fission
density and flux values which were obtained from
cell calculations. Using this methodology and
employing the parameters of low enriched uranium
(LEU) core, the equilibrium Xenon and post-
shutdown Xenon effects were studied. The analysis
also pointed out that equilibrium xenon reactivities
were also evaluated using cell model and 3-
dimensional core model. The core calculations were
carried out with the help of a developed computer
code called FCAP. The result indicated that when
the core is fresh or the reactor has been in a
shutdown state for a few days, the amount of xenon
in the core is zero. After reactor start-up the
concentration of Xe-135 starts increasing
immediately. In contrast with Sm-149 it attains the
equilibrium value rather quickly.

Hence, this study considered the buildup and
burnup rate of the aforementioned fission-product
poisonings in a cylindrical nuclear reactor core with

N
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the aim of laying a computational foundation for the
calculation of the corresponding reactivity
poisoning effects that may be introduced due to the
presence of the two fission products in an operating
reactor.

3. Methods and Approximations Used

The solution to the steady state neutron diffusion
equation with appropriate boundary conditions is
presented in this section. Furthermore, the
analytical solution to the four (4) fission rate
equations were solved.

3.1. Neutron flux

The production and consumption of these isotopes
(Xenon-135 and Samarium-149) depend on the
neutron flux in the reactor and its operation history.
Any change in the neutron flux which occurs during
reactor start-up or shut down, is accompanied by a
corresponding change in the concentration of these
isotopes. Therefore, it is important to recall that the
basic processes governing the behavior of the core
of a nuclear reactor include variations in the
distribution of neutrons in the reactor core. Neutron
flux is a measure of the combined effect of the
motions of neutrons. The description of the neutron
distribution is based on the neutron transport
equation. This equation is a linear form of the
Boltzmann equation used in the study of gases. The
analytical solution of the Boltzmann equation
cannot be obtained as a result of its complexities
which includes the presence of too many
independent  variables, complicated energy
variations of microscopic cross-sections and
complex geometrical structure of the core materials.

Hence for simplicity, an approximation of the
transport equation known as the multi-group
neutron diffusion equation is best used for reactor
calculations in order to obtain reasonably accurate
results. The multigroup time-independent neutron
diffusion equation can be written as Eq. (1)
(Larmash, 1966):

ey

Describing Eq. (1), we have:
D,V2® is the diffusion term in group g.
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where D, is the diffusion coefficient of the neutron Lastly, S,is the total neutrons emitted into the
flux in group g and &, is the neutron flux of energy groups from the sources.
group g.

However, a modified one-group time-dependent

Also, Z,,®, is the absorption rate in group g, neutron diffusion_equation is _presented and is
YN 5 ®_is the total rate at which neutrons sufficient to descrlbe_ the behavior of the ther_mz_al
h=g+1%g9-h"g th . th neutron flux present in the reactor core and this is
scatter out of g™ group into h™ group, considered the starting point for fission product-

g-1 ; ; o ! .
Zh=1ZnogPg is the transfer rate into g group poisoning formation. The group transfer terms in
from h*" group. the multi-group equation will be omitted, so that the

rate at which neutrons are produced and absorbed is
given as:
DV2O(F,0) = Z0(F,0) + S(F,0) =1 00 @
Here, @ is the one-group flux, D and £, are the one- neutron speed. The modified one-group neutron
group diffusion coefficient and macroscopic diffusion equation is obtained by making the
absorption cross-section for the fuel-coolant derivative term to be equal to zero so that it is
mixture, S is the source density (i.e. the number of properly termed steady-state neutron diffusion
neutrons emitted per ¢cm3/sec), and v is the equation as given in Eq. (3).
DV?Q(7,t) — 2,0 t) + SF,t)= 0 (3)
3.2. Neutron cross section absorption cross section decreases steadily with
increasing neutron energy in a low energy region
The probability of a particular reaction occurring (E <1eV) (Lamarsh, 1966). Microscopic
between a neutron and a nucleus of an atom is called absorption and fission cross section of any nucleus
the microscopic cross section (g (E) ) of the nucleus can be obtained using these relations:

for the particular reaction. This cross section varies
with the energy of the neutron. The microscopic

1
Vr To\2
0a(E) = T 9a(T) (L) 0(Eo) (4)
and
1
v To\2
ap(E) = T gp(1) (2) 0 (Eo) (5)
where, g, (E) is the microscopic absorption cross 20 °C; where T, = 273.15 + 20.46 = 293.61°K and
section at higher temperature (> 20 °C), o,(E,) is E, = 0.0253ev. However, the tendency of having a
the microscopic absorption cross section at the neutron interacting with a certain volume of nuclei
ambient temperature, or(E) is the microscopic depends not only on the microscopic cross section
fission cross section at higher temperature (> 20 of the individual nuclei but also on the number of
°C), o7 (Ep) is the microscopic fission cross section nuclei within that volume. Therefore, it is essential

to define another kind of cross section termed as the

he ambient temperatur T) is the non - = . . .
at the ambient temperature, gr(T) is the no v macroscopic cross section (X). The macroscopic

fission factor and g, (T) is the non - % absorption cross section is the probability of a given reaction

factor. T and T, are the absolute temperature and occurring per unit travel of the neutron. X is related

ambient temperature respectively of the neutron at to the microscopic cross section (a(E)) as follows:
% = No(E) (6)

20
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where X is the macroscopic cross section (cm™1), o(E) is the microscopic cross section (cm?) and N

is the atom density of material (atoms/cm?).

3.3. Solution to the steady state neutron
diffusion equation and 1nitial neutron flux
calculation

The solution to the steady state neutron diffusion
equation is obtained by employing the
eigenfunction method. The central idea of the
eigenfunction method is that it is possible to obtain

DV?Q(r,z) — 2,0(r,z) = —S(r,2) .

v2= 1 a( a) 1 9?2 9?2
“ror\ or r2 992 = 9z%°

28 1
o(r,z) = V—ZaZmn (B2

Bun® = G074 GO

where V2 denotes the Laplacian operator for the
cylindrical reactor as shown in Eq. (8). By applying
all appropriate approximations and boundary
conditions, Eq. (7) is solved to obtained Eq. (9)
which is the complete solution to the neutron flux
problem. where B,,,,* is the reactor buckling and is
expressed in Eq. (10).

However, in order to obtain the analytical solution
for the initial neutron flux (i.e. flux at the start of a
clean core), in this study, a finite cylindrical reactor
core of radius 120 cm and height 300 cm consisting
of a homogenous mixture of uranium dioxide (UO>)

A = 28 _ 363P
17 y3,[B21,12+ 1]),%(2405)  VERE;
3.63P
11~ - o — 29875 x1013
VEREf

¢(nz)::29875x10“]0<%M>c05(

Ro

®(0,0) = @, = 2.9875 x10*3 neutron/cm?s.

o= () o

From Eq. (11), Ej is the recoverable energy of the
reactor, X is the macroscopic fission cross section
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XmT
mnl?+ 1]]12(xm)]0 ( Ro ) cos

a solution to a diffusion equation in term of
solutions of a differential equation (Lamarsh,
1966). The geometry of the reactor under study is
cylindrical, the neutron source density is assumed
to be distributed within the finite medium of the
core in such a pattern that the diffusion equation is
reduced to an ordinary differential equation
(ODE). Therefore, from Eq. (3), we have

Y]
®)

(%)

©)
(10)

pellet and water (H20) is considered. The reactor is
assumed to be critical and operates at a power level
of 25 Megawatts. The density of the fuel (UOy) is
10.5 g/cm® with the 23U enrichment of 20.5.
Furthermore, the molecular weight and atom
density of the fuel as well as the core buckling were
computed and used in the initial neutron flux
calculation.

From Eq. (9), The fundamental neutron distribution
function denoted by a constant A;; can be obtained
from the power level P of the reactor (Lamarsh and
Baratta, 2001).

(11)

(12)

nnz

) (13)

(14)

(15)

of the fuel, P is the reactor power and V is the
volume of the reactor. Numerical evaluation of
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constant A, is obtained using some assumed values
of a typical thermal reactor. Hence, Eq. (11) is
solved and its value is shown in Eq. (12). Eq. (13)
is obtained when Eq. (12) is substituted into Eq. (9).
Hence, since the maximum value of the thermal
neutron flux occurs at r = 0 and z = 0, the thermal
neutron flux is obtained by is explicitly solving Eq.
(13) and its result is presented in Eq. (14).

In order to compute subsequent values of the
thermal neutron flux at different temperatures, Eq.
(15) was used to carry out the computation
(Lamarsh, 2001), where @, is the initial thermal
neutron flux obtained in Eq. (14), T, is the absolute
temperature of the neutron and T is the ambient
temperature of the neutron at 20 °C.

3.4. Solution to fission-product poisoning
coupled rate equations

Q) lodine -135
The iodine rate equation is:

AI(F.Y)

This section presents the buildup and burnup rate
equations for Xenon-135, its precursor lodine-135
and Samarium-149 as well as its precursor-
Promethium-149. These production-destruction
rate equations distinctively depicts how the
individual fission isotopes are formed and how they
dissappeared. The analytical solution to the coupled
rate equations were equally presented.

3.4.1. Derivation of Xenon-135 rate equation

Xenon-135 is produced in the reactor fuel in two
ways (Lamarsh, (2001):

a) Directly from fission. About 0.3% of all fission
products are Xenon-135.

b) Indirectly from the decay of lodine-135, this is
either produced as a fission product or from the
decay of the fission product Tellurium-135.

= = ViZ @00 ) - L), (16)
entdUD 4 1 0eMt =y, 5, 00, nent, (17)
WO -y 517, DB )M, (18)
LI nertde = y5(F 007 0) [, eMtdt. (19)
I(F AH)QMAE — [(7,0) = Z—jz‘f(?-, 0)@(#, 0)[erst — 1]. (20)
I(7, At)eMbdt = Z—;z_f(ﬁ 0)@(# 0)[errt — 1]. (21)
I(# At) = Z—;z_f(?, 0)8(#,0)[1 — e 42t . (22)
e-hat = q Mt G GiY 23)
I(7,At) = Z—jz_f(?, 0)@(#,0)[1— (1 —A,AL) ] . (24)

I(#,At) = Z—;ff(F,O)(Z)(F,O)[A,At]. (25)

[F 013, ettt = v, 53 0o ) [ ertdr (26)

t

Equation (16) is the buildup and burn up rate
equation for lodine-135 where | is the number of
1351 atoms/cm?® i.e. the atom density of iodine, y, is

22

the effective yield of the isotope, and X is the
average thermal fission cross section.
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Multiplying both sides of Eq. (16) by the integration
factor; et we have Eq. (17). By simplifying Eq.
(17), Eq. (18) is obtained.

However, assuming we are dealing with a “clean
core” at the start of the reactor, the concentration of
iodine-135 isotope is zero at t = 0 and the neutron
flux in the reactor is assumed to be constant in the
interval 0 <t < At, by applying this approximation
to Eq. (18), we obtained Eq. (19). By carrying out
the Integration on Eq. (19) over the limit 0 — At,
we have Eq. (20). Since the reactor core is assumed

to be clean within this time interval where I(#,0) =
0, therefore, Eq. (20) results to Eqg. (21). By
multiplying both sides of Eq. (21) by €~42¢ Eq.
(22) is obtained.

In a bid to simplify Eq. (22), we must apply Taylor’s
expansion approximation stated in Eq. (23), hence,
we obtain Eq. (24). with further simplification of
Eq. (24), we have Eq. (25). However, it is very
important to derive a more general solution for 1%
concentration att+ At, in terms of its
concentration at time t. Applying the constant flux
approximation to Eqg. (18), we have Eq. (26).

I(7,t + ADeHED — (7, nelt = ILE(#, 0o, 1) [eMt+D — el (27)
1
I+ A0) = I(F )@ MAt + ILE(F )@, )1 — e, (28)
1
IFt+A) =1FO[1— LAt + Z—’Z_f(F, HO(F, t)[4,A t]. (29)
1

By re-arranging Eq. (27) and multiplying both sides

by @ HE+A e obtain Eg. (28). Introducing

Taylor’s expansion approximation into Eq. (28), the
(i) Xenon-135

The xenon rate equation is:

general solution for 31 concentration at t + At, in
terms of its concentration at time t is thus presented
in Eq. (29).

HlD = LG +yxEFOPFE D — LXFE D) — 0 X7 OOFY . (30)
MIE 0 + yxZp (7,07, 8) = X (7 0) — 0ax X7, 07, 0) = 0 . (31)
LI, 0) + yxZr (P07, 1) = kX (7, 1) — 05X (7, )P, D) . (32)
L0+ yxZr 0G0 [Ax = 0axd(F D] X(F 1) (33)
5 oy _ MIED+yxZp(F DD
XED = oao o (34)
aI(7t) S N N
e = nZ@HeE Y — LI, (35)
AUFLY)
28D =, (36)
MIED = v,ZFOOEY . (37)
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_ Yx%r (GRaIGhs)

I1(#,1) P»

(38)

X7 0o = VIZF(F OO +yxZrF NP . (39)

Ax+ oaxP(T0)

Since the half-lives of 1-135 and Xe-135 are so short these two (2) equations carefully, Eq. (30) is
and the absorption cross-section of the xenon-135 translated into Eq. (34) and Eq. (16) into Eq. (38)
isotope is so large, the concentration of these respectively. By substituting Eq. (38) into Eq. (34),
isotopes quickly rise to saturation or equilibrium we obtain Eq. (39) which is the equation for
values. This concentration can be formed by placing equilibrium xenon.

the time derivative in Eq. (16) and Eqg. (30) equal to
zero, (Lamarsh, 2001). Therefore, by evaluating

X (it

=t AXE D + TxpGOXE ) = LIFE ) + vxZe(@, )P, 1), (40)
ED 1 [y + TaxdF OIXE D) = LIG 0 + yyEF O L) (41)

@lix+Taxd (0] % + [Ay + T @ D]X(F, t) @Rx+Taxs ol =
I IGR)) elix+Tax ¢, YxZi(# O F,t) ex+TaxoF@ Dt (42)

A[x(#pelixt Taxe@nlt)
at

= LI(# t) elx+ Taxp@ 0Nt 4 YxEe(F O F, 1) eAx+TaxdF@ Dt (43)

[ o[x (7, yelxt Taxd@oltgr = 2,1(7,0) [ ex+ TaxeColt gy +
Yx (7, 0)¢(7,0) [ @+ TaxoT oy, (44)

LI 0)

X A @ix+Taxsone — AT
Ax + 0ax (7, 0)

[ @lx+ ZaxoGolae _ 1]

DEODGCD | @lix+ Taxd COI — 1], (45)
X (7, At) @lAx+ Taxe oAt — [ijfyl,fj;)(f,o) a;;f:fgigg;] [e[/lx+ Taxd(F0)]AL _ 1]’ (46)
X(F, At) @PAx+ TaxEOle — [A,I(Ff))(iy;i:(,gi(ﬁo)] [e[ax+ Taxd(F,0)]At _ 1]. (47)
X(,00) = P L — et el “®
I(7,0) = wz_f(f,;)lw(fn) . (49)
X7 AL) = [ysz(F.O)tb(?.O) +yxff(F.0)¢(F.0)][1 — e-lx+ mq&(?,o)]At] _ (50)

Ax+ oqxd(7,0)

X(7,A¢) = L2 ]sz(Z‘(’;“(’)gf'o)][l _ e-Ix+TaxeGolar ] 51)
X aX ’
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[ 0X (7, £) @Rx+ TaRe Ol g = [T (7, ¢) @M+ Taxd POl gy
+ [ VxS F DG (F ) @Uxt Tax Ol gy (52)

f:“t 0X (7, t) ex+Taxd@OIt ¢ = LI#E) ft“Af elx+Taxd@0lt gt
+yxZ(F O ©) [ elxt Taxe ol ge (53)

X(F t + At) @Ax+ Taxd@Dlt+At = y (7 ) @Ax+ Tax @Ol 4

(A +yx ZeFE D D] [ @lix+ Tax¢@0le+at _ @lix+ mqs(ﬁt)]t] (54)
Ax+ oax(@0) '

X7 t + At) = X(7, t) @ Ax+TaxeFolat 4 I +vx Ze(F D AD)] [1 — @-[x+TaxeF0]A t]
' ' Ax+ 0ax$(7,0) '
(55)

e+ TaxsEol = MxtTaxd@ol) | et mf”(m]”z e, . (56)
1! 2!

X t+A) = X7 6) {1— [Ay + Gaxp(@ O)]A ¢} + BOOECOICO] 113 4 Fa i 6)]ae] .

Ax+ oqx$(7,0)

(57)
By rearranging Eq. (40), we have Eq. (41). Eq. (42) numerical computation of xenon-135 atom
is obtained by multiplying both sides of Eq. (41) by concentration at subsequent time intervals.
the integration factor @Ax+ 7ax¢(0lt This resulted o ) _
into Eq. (43). Eq. (43) is further simplified 3.4.2. Derivation of Samarium-149 rate equation

extensively to obtain the atom concentration of Xe-
135 just shortly after the reactor’s startup (within
the time interval 0 — At ) and this is expressed in
Eg. (51). Moreover, as in the case of lodine-135
atom concentration, in order to obtain the general
solution of ®Xe at (t+ At) in terms of its
concentration at t, by applying all appropriate
boundary conditions and approximations to Eg.
(43), we have Eq. (57). Hence, Eq. (57) represents
the atom concerntation of 1*Xe at (¢t + At) in terms
of its concentration at t and therefore is used for the

Samarium-149 is the most important of the stable
fission products. It is formed in the fuel by the decay
of fission products Neodymium-149 and
Promethium-149 (Stacey, 2007).

Consequently, by adopting similar mathematical
methods used in solving for the above lodine-135
rate equations above (i.e. Eq. 16). The general
solution to Pm-149 and Sm-149 concentration
at (t + At), in terms of its concentration at time t,
are expressed respectively:

P(#t + At) = P(#, AD)[1 — Apt] + Z—Pz‘f(?, AP, At)[Apt] . (58)
P
and
- - - ApP(7,t) -

S@,t+ A1) = SF (1 = 0usd (7, 0)6) 7205 [0ash (7 O] (59)

3.4.3. Nuclide burn-up time neutron absorption to half of the quantity of a
_ _ ) ) o nuclide under neutron irradiation (Berthou et al.,

The various time steps during which the fission 2003). It also refers to the disappearance of an
nuclides concentrations were observed to buildup isotope. The time evolution of a quantity N of an
and burnup is calculated with the aid of nuclide isotope under neutron irradiation is given by:

burn-up time equation. The burnup time for any
nuclide is the time necessary to transmute by
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Z—’Zz —(A + 0PN , (60)

where ¢ is the flux, o the absorption cross-section,
and A the decay constant.

W= (A + og)dt. (61)

N

Applying integration to both sides of Eq. (61)

In [%] =—(1 + ap)t, (62)

3.4.4. JaC-FPBB code flow chart

Figure 3.1 shows the flow chart for JaC-FPBB Code
(algorithm). In Figure 3.1, we show the calculated
ambient temperature T, in degree kelvin for seven
different temperature levels. The temperatures

< Start )

% — e—(/1+a¢)t , (63)
and
N(t) = Nye~(A+od)t (64)

Hence, for the selected nuclei, the individual
nuclide burnout time is given by:

T _ n2
BU™ At+o¢)

(65)

where Ty is the burnup time of the isotope.

obtained are then used to compute new neutron
energies and fluxes. The calculated new neutron
energies as well as fluxes and values of other
constants were used to calculate the fission product

atom concentrations.

Input parameter library (non-%

Conversion of temperature
(Celsius to kelvin)
Tn

absorption and fission factors)

v

Calculation of the neutron
energies (keV), t(7) =l and

N =N,

\4

Cross sections calculation

v

Neutron flux calculation

¢

Fission-product poison calculation

No
Co D

Figure 3.1. Flow chart for the Jac-FPBB code.

.

T=T+273.16
I=t+1
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4. Result and Discussion

This section presents the atom concentrations of the
two vital fission product poisons relevant to this
study (Xenon-135 and Samarium-149) when the
program JaC-FPBB code is run. The temperature
variations of the neutron flux and neutron energy in
the reactor core as well as the computed cross-
sections for, Xenon-135 and Samarium-149 needed
for  their  respective atom  concentration
computations were also presented. The atom
concentrations at only seven (7) different burnup
times were conducted because the fluxes at
temperatures higher than 1000 °C could not be
calculated due to lack of nuclear data from available
literatures.

4.1. Temperature variation of neutron flux and
neutron energy

Having obtained the initial thermal neutron flux @,
from Eq. (14), the thermal neutron flux & (E) at
different available energies were calculated using
the relationship between & and &, from Eq. (15).
Table 4.1 shows the temperature variation values of

neutron fluxes and neutron energies. From the
Table 4.1, it is observed that the values of the
neutron flux increases as the temperature of the fuel
and the corresponding energy increase. The thermal
neutron fluxes obtained were used in computing the
atom concentrations of the fission products poison.

4.2. Computed cross-sections for poison fission-
products

The average microscopic and macroscopic
absorption and fission cross-sections for lodine-
135, Xenon-135, Promethium-149 and Samarium-
149 were computed using Eq. (4), Eq. (5) and Eq.
(6) but, only the values obtained for Xenon-135 and
Samarium-149 are presented in Table 4.2 and Table
4.3 respectively. It was observed from Table 4.2 and
4.3 that the computed cross-sections decrease with
increasing fuel temperature. This is expected since
the microscopic absorption and fission cross
sections of the fissile material used (Uranium-235)
are inversely proportional to the temperature of the
fuel. These computed cross-sections were used to
calculate the atom concentrations of Xenon-135 and
Samarium-149.

Table 4.1. Temperature variation of neutron energies and fluxes.

Temperature (°C)

Neutron Energy (KeV)

Neutron Flux & (E)

20
100
200
400
600

800
1000

0.0253
0.0322
0.0408
0.0580
0.0752

0.0925
0.1097

2.7219x10%
3.0709x10%®
3.4580x10%®
4.1245x10%
4.6975x10%

5.2077x10%®
5.6723x10%®

Table 4.2. Computed cross-sections for Xenon-135.

T c Ouxe (barn) Yuxe (em™)
20 5.54x107° 47197.65
100 5.13x107° 43719.20
200 4.66x107° 39649.82
400 3.75x107° 31907.93
600 3.03x107° 25772.93
800 2.47x107° 21060.03
1000 2.03x10°° 17322.91
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Table 4.3. Computed cross-sections for Samarium-149.

T'c G.s (barn) T (em™)
20 1.17x107° 1144.80
100 1.21x1075 1184.37
200 1.19x1075 1164.86
400 1.04x1075 1021.04
600 8.74x107* 855.40
800 7.24x107% 712.16
1000 6.10x107* 596.83

4.3. Graphical representation of time variation
of Xenon-135 concentration

Figure 4.2 shows the plot of atom concentration of
Xenon-135 isotope against time. At the origin of
time (at t = 0), the concentration of Xenon-135 is
zero, which signified that the reactor was clean and
free of poison before it is being put to use. Three
segments of the plot are considered in the following
time intervals: 0-17 hours, 17-18 hours and 18-21
hours. At the time interval 0-17 hours the
concentration of Xenon-135 buildup linearly from
6.96x10%% atoms/cm? to 3.83x10 atoms/cm?®. This
buildup was mainly due to contributions from both

4,5E+14
5 4AE+14
T 3,5E+14
S& 3E+14
o £
S 8 2,5E+14
S E
88 2E+14
— =
& 1,5E+14
o
5 1E+14
X
5E+13
0
0 5

10

fission of Uranium-235 and decay of lodine-135
(T1/20f lodine-135 is 6.6 hours) at this stage. within

the time interval 17-18 hours, the concentration of
Xenon-135 isotope shown in the profile depicts a
little deviation from the original linear shape. This
marks the starting point for Xenon-135 buildup
from fission of Uranium-235 and decay of lodine-
135 equals its disappearance due to neutron
absorption to form Xenon-136 and beta decay to
form Cesium-135. Shortly after this time interval,
i.e. between 18 hours to approximately 21 hours of
the simulation, the equilibrium buildup of Xenon-
135 begins to surface.

15 20 25

Time (hours)

Figure 4.2. Plot of Xenon-135 concentration against time.

4.4. Graphical representation of time variation
of Samarium-149 concentration

Figure 4.4 shows the profile of Samarium-149
concentration against time in an operating reactor
that startup from a clean core. At the initial time of
the analysis (at t = 0) the concentration of
Samarium-149 was zero. This validates one of the
assumptions made that at the start of the reactor the
concentration of all poisons were zero. From time
0-510 hours the concentration of Samarium-149
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increases linearly to 5.3 x 10%* atom/cm® own to its
production from the decay of Promethium-149 and
removal solely by neutron absorption to produce to
Samarium-150 isotope. As shown by the
Samarium-149 profile, at exactly 510 hours of this
simulation, equilibrium Samarium-149 began to
form till 605 hours of the simulation. It should be
noted that, the long duration taken to simulate
Samarium-149 concentration is as a result of its
lone production from the decay of Promethium-149
which have a half-life of 54 hours. By implication,
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this means that Samarium-149 is expected to begin
its significant buildup after 54 hours of
Promethium-149 formation.

6E+16
5E+16
4E+16
3E+16
2E+16

(atom/cm?3)

1E+16

Samarium-149 concentration

0 100 200

300

400 500 600 700

Time (hours)

Figure 4.4. Plot of Samarium-149 concentration against time.

5. Conclusion

In this paper, four important fission products were
investigated which includes: lodine-135, Xenon-
135, Promethium-149 and Samarium-149 but with
special focus and consideration on Xenon-135 and
Samarium-149 because of their large absorption
cross sections. The result from JaC-FPBB
computed the temperature variations of neutron
energies and fluxes, the fission isotopes
microscopic and macroscopic cross sections and
most importantly, the fission-product poisoning
atom concentrations within a computed time. In this
study, the result obtained show that it takes Xenon-
135 and Samarium-149, 17 hours and 510 hours
respectively to buildup and attain equilibrium. The
descrepancy between the two fission nuclide’s
equilibrum attainment time is not far fetch. Since,
there is no direct production of Samarium-149 from
fission as with Xenon-135; aside from beta decay of
Promethium-149 which has a considerable long
half-life coupled with the fact that Samarium-149
has a much lower cross section (4.2 x 10° barn)
than  Xenon-135, Consequentially, it  will
correspondingly take longer time for Samarium-149
to attain equilibrium than Xenon-135 as shown in
this study. This study concluded that the designed
algorithm (JaC-FPBB code) proved efficient as it
could compute the build-up and burn-up rates for
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the two important fission fragments in a nuclear
reactor core. The code is easily accessible and could
serve as a tool for the development of nuclear
energy in developing countries, especially Nigeria.
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Changes in Quality Parameters of Deep Fat Fried Carrot Slices
Under the Effect of Ultrasound Assisted Pre-drying Process

Merve Secil Turan'”, Erkan Karacabey?

Abstract: Oil absorption is partially associated to the initial moisture content of frying material, thus
controlling the moisture level could result in decreased oil absorption during frying with accompanying
changes in other physical properties. As a result, in the current study, in order to figure out the changes in
moisture and oil contents of fried carrot slices, the effects of process parameters of ultrasound (U/S) assisted
pre-drying was examined. As process conditions of U/S, power levels of 30%, 50%, and 70%, temperature
levels of 30 and 50 °C, and time periods of 5, 10 and 15 min were studied. Additionally texture and color
preferences were studied. Any reduction in oil absorption was achieved by U/S-predrying, whereas it was
observed that there was an increase in brightness (L*) value of carrot slices as well as generally a decrease in
a* values compared to the control group (directly deep-fat-fried 4mm-carrot slices at 160°C for 120 seconds).
Effect of temperature was found to be significant over a* and L* values for all power levels. Additionally, no
statistically significant change was observed for the textural properties with applied ultrasound power levels.

Keywords: frying; food drying; texture; oils; color.

1. Introduction 1999; Vitrac, 2000; Lamberg et al., 1990; Moreira
et al., 1997). Consequently, many techniques to
Frying is a common cooking method with a wide apply before frying have been developed in food
range of applications all over the world. In the industry such as; drying (Pedreschi and Moyano,
frying process, product is immersed in pre-heated 2005), microwave drying (Gamble and Rice,
oil at certain temperature level being far above the 1987), vacuum assisted microwave drying (Song et
boiling point of water. Thus, water movement al., 2007), vacuum frying (Dueik et al., 2010),
throughout the solid matrix occurs with osmotic dehydration (lkoko and Kuri, 2007),
accompanying oil absorption and product is application of coating material (Garcia et al., 2004;
removed from oil, when color and textural Esturk et al., 2000; Lalam et al., 2013).
characteristics meet the sensorial expectations
(Gupta, 2005; Dueik et al., 2010; Medina et al., In literature there are a plenty number of research
2015; Esturk et al., 2000). This oil absorption is works about potato chips being pre-dried with
crucial parameter, since high amount of fat intake different techniques before frying. However, there
is known to potentially cause disorders such as is no any literature focusing on the ultrasound
coronary heart disease, diabetes (Saguy and Dana, assisted hot air pre-drying prior to deep fat frying
2003). Therefore, people are willing to consume for fried carrot slice manufacturing.
low-fat products (Esturk et al., 2000). Studies
show that reduction in moisture content In reported studies, improvements in drying
encourages positively oil absorption and final characteristics of different plant materials have
product has high oil content which could be been achieved by ultrasound assisted drying
potentially hazard for health (Pedreschi and technique as a result of the sponge effect occurring
Moyano, 2005; Krokida et al., 2001; Moreira et al., in micro channels (Garcia-Perez et al., 2007;
'Suleyman Demirel  University, Engineering Faculty, Food Citation: Turan, M.S., Karacabey, E. (2018). Changes in Quality
Engineering Department, 32260, Isparta, Turkey. Parameters of Deep Fat Fried Carrot Slices Under the Effect of
*Corresponding author: erkankaracabey@sdu.edu.tr Ultrasound Assisted Pre-drying Process. Bilge International Journal of

Science and Technology Research, 2 (1): 31-39.
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Ortufio et al., 2010; Nowacka et al., 2012).
Therefore, with sonication, it was supposed to
achieve a reduction in moisture content and also
oil absorption.

In this study, it was aimed to facilitate drying
characteristics by means of the effect of ultrasound
application, as a result, to achieve the encouraged
moisture movement throughout the carrot slices
during drying. Additionally, the influences of
ultrasound assisted pre-drying and frying of carrot
slices on the quality parameters like color and
texture values were examined.

2. Material and Method
2.1. Sample preparation

Carrots (Daucus carota L. subsp. Sativus, Nanco)
were purchased five days after the harvest from a
local market in Isparta, Turkey, and were stored in
a polyethylene bags in a refrigerator at 4°C before
use. Initial moisture content of carrot samples were
determined as 897.0 + 2.0gkg?, which was
coincidence with the range (873 — 910g.kg™?)
reported by Gichuhi et al. (2009). Before the
analyses, carrot was washed, cleaned and peeled.
Peeled carrots were sliced at 4 mm thickness using
an industrial type slicer (Arisco, HBS-200,
Turkey). Carrot slices having diameter of 2.5+0.5
cm were selected for remaining process steps.
Afterwards, carrot slices were subjected to
blanching for 90 s in a hot water at 85°C and then
cooled down using tap water for 120 seconds.
Excess surface water was removed using absorbent

paper.

2.2. Ultrasound pretreatments and hot air
drying

Boiled carrot slices have been immersed in a
beaker filled with distilled water. Sonication was
conducted by using an ultrasonic probe having
ultrasonic frequency of 20 kHz and density of 500
W.m2 (Ultrasonic-Homogenizer, Cy-500, Spain).
The ratio of sample in water for all groups was
adjusted 1: 4 (w/v) in order to avoid environment
effect on sonication influence (Fernandes et al.,
2006). Ultrasonic treatments were carried out at
power levels of 30%, 50%, and 70% under
temperature levels of 30 and 50 °C for time
periods of 5, 10 and 15 min. All conducted trials
and relevant process conditions were given in
Table 1.
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A bunch of carrot slices (~50 g) of previously
pretreated by ultrasound (at different temperature,
time and power) were arranged as a single layer on
a tray and dried in a convectional hot air dryer
(Mikrotest, MKD, Turkey) at air flow rate of 1.3 &
0.02 m s. Temperature and weight loss during
drying were set according to optimal drying
conditions (63.4°C for drying temperature, 16%
for weight loss during drying) determined in our
previous study (Karacabey et al., 2016).

Table 1. Ultrasonic Pretreatments

Label Power Temperature Ti me
(%) (0 (min)

A 50 30 5

B 50 30 10

Cc 50 30 15

D 50 50 5

E 50 50 10

F 50 50 15

G 30 30 15

H 50 30 15

I 70 30 15

2.3. Deep fat frying

When the target weight loss on samples was
attained, frying was conducted using 3 L of
sunflower oil (Marsa Oil Industry Co. Ltd.,
Istanbul, Turkey) in an industrial type fryer (Remta
Co. Ltd, istanbul, Turkey) under specified optimal
conditions determined as 152°C for frying
temperature, and 207 s for frying time (Karacabey
etal., 2016).

After frying, the fried carrot slices were removed
from the oil and drained for about 300 s over a
wire screen to drain the most of the surface oil, and
then the slices were transferred to an absorbent
towel. Frying oil was replaced with fresh one, after
each run was completed. In order to determine the
reference values for untreated samples, one group
of carrot slices were directly fried after blanching
without pre-treatment steps. Oil content, moisture
content, breaking force, and L*, a*, b* value were
measured in these fried slices. Temperature
(160°C) and time (120 sec.) were the
corresponding values of directly deep-fat-frying
process which was determined according to our
previous study. In that study, sensory analysis was
conducted to determine the process conditions,
fried carrot slices (4 mm thickness) at which took
the highest score. Texture values, L*, a*, and b*,
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oil content and moisture content of control group is
shown in Table 2.

2.4. Analyses of samples

Moisture content

The method of Fan, Zhang was used (Fan et al.,
2005). Carrot slices were ground after frying. Five
gram of ground samples were used for moisture
content (g.kg™). Ground samples were dried in an
oven (FN300, Nuve, Turkey) at 105 £ 0.5°C, until
no weight change was attained. Test was
performed in duplicate.

Table 2. The Results of Control Group

CV TP
MC,% 0C",% L* a* * H,g BF,g
force  force
48 32.50 50.3 30.4 41.8 462.8 549.0

"0il content (%) is calculated based on the dry weight. MC:
moisture content; OC: Oil content; CV: Color values; TP:
Texture properties; H: Hardness; BF: Breaking force

Oil content

The oil determination method reported by
Sulaeman et al. (2001) was wused with
modification. Briefly, oil extraction was performed
in a Soxhlet extractor (Biichi Universal Extraction
System B-811, Germany) using hexane as a
solvent to determine the oil content of fried carrot
slices. Before extraction, fried samples (5 g) were
dried in a vacuum oven and then ground (James,
1998). Oil content (g.kg-1) was calculated as wet
bases. The test was performed in duplicate.

Surface Color

Color parameters (L*, a*, and b*) were measured
using a colorimeter (NH310, 3nh Tech. Co., Ltd.
China) (Robertson, 1977). The equipment was
standardized each time with white and black
references. Five carrot slices and at five different
locations for each slice were used for color
measurements and mean values were reported.

Texture Values

Texture analysis was conducted by a texture
analyzer (TA.XT Plus, Stable Micro System Co.
Ltd., Godalming, UK). The PS / 30 probe and
LKB probe were used to measure the slice
hardness and firmness, respectively. PS / 30 probe
movement speed was 1x10° m s? and initial
distance from the platform was set as 50x10° m.
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LKB probe movement speed was 1x10° m s and
initial distance from the platform was set as 25x10°
3m. The result for each trial was given as a mean
of 5 measurements.

3. Results and Discussion

The results of texture, surface color, moisture and
oil content of fried carrot slices previously
ultrasound assisted pre-dried were given in Table
3.

3.1. Texture

As can be seen in Table 3, the hardness values of
ultrasound-assisted pre-dried and fried carrot slices
were lower than the control group in case of
almost all treatments, except for B and D, but this
reduction in the slice hardness was not enormous,
instead, limited. Statistical analysis has also
supported this fact by indicating that the
differences in control and pretreated carrot slices
as none significant almost for all cases (p>0.05)
(Table 3). In order to analyses the effects of
process variables of ultrasound assisted pre-drying,
temperature and treatment time were statistically
analyzed and the results were given in Table 4.
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Table 3. Results of texture, color and moisture and oil content of fried carrot slices pretreated by ultrasound-
assisted pre-drying

Groups Harf%r;izs, g Firmness, g force L* a* b* C'\élr?t':rt]l:r;) ail C(?A)ntent,
A 409.58+282.573°  569.95+227.38% 53.3443.467  23.4142.91°  44.55+4.019 51.36+0.85%1 33.57+0.58°
B 538.35+£345.76  499.41+188.81*°  56.80+3.10°¢  28.42+3.00°  50.64+3.20*° 58.03+1.0220 33.60+1.58 ¢
C 154.314242.74° 239.01+143.40°  54.83+1.80%  30.65+1.92%  49.89+2.423F 47.05+0.27%f 40.64+1.80°
D 485.86+517.51*®  225.44+116.68° 51.1942.219  31.19+1.73%  47.95+£3.91°¢ 44.19+6.21¢1 34.7242.04¢
E 141.47£190.80°  368.23+178.03%P¢  57.35+3.17°  24.16+3.81°  51.19+£2.24° 42.00+0.72f 47.11+0.812
F 308.15+183.80*°  290.04+142.78° 63.52+1.36%  18.64+3.049  49.5242.75P 51.29+1.02¢¢ 39.97+5.51°
G 410.80+283.89%°  329.43+216.45°°  54.34+1.22%" 28.43+1.46°  46.53+2.03° 53.47+2.725¢ 34.44+1.67°¢
H 358.49+416.32%%  511.174£275.01*°  55.65+1.30%¢  28.59+1.55°  47.40+2.78° 46.67+2.11%f 36.22+0.83%¢
| 181.29+222.14° 542.60+188.97*  57.64+1.16°  30.61+1.35%  47.67+1.38° 59.72+0.432 32.19+0.06 ¢
Control ~ 462.75+443.18*"  549.024231.48%  50.25+2.86°  30.35+1.43*  41.76+3.21° 48.00+0.70%4¢ 32.50£1.35°¢

Different letters in the same column indicate a significant difference (p<0.05)

Table 4. Effects of temperatures and time of the
ultrasound assisted pre-drying on the hardness of
fried carrot slices

Table 5. Effects of temperatures and time of the
ultrasound assisted pre-drying on the firmness of
fried carrot slices

Hardness Temperature (°C) Firmness Temperature (°C)

(g, force) 30 50 (9. force) 30 50

Time 2 409.58+282.57A3b  485.86+517.51A8 Time 5 569.95+227.38”2  225.44+116.685P

(miny 10 S3835434576A%  141.47:5190.8080 "€ 10 499.41+188.81A%  368.23+178.03A2
15 154.314242.74A  308.15+183.80A2P (min)

Different capital letters in the same row indicate a significant
difference in terms of application temperatures (p<0.05)
Different lowercase letters in the same column indicate a
significant difference in terms of application time (p<0.05)

The difference among the application time of the
ultrasonic pre-treatment carried out for 10 and 15
minutes at 30°C were significant (p<0.05).
Hardness of carrot slices were only changed with
temperature rise from 30°C to 50°C, when the
ultrasound assisted pre-drying was performed for
10 min (Table 4).

Similar to the hardness values of carrot slices, it
was seen that treatments C, D, F, and G caused
significant changes in firmness value compared to
that of control group (p<0.05). Remaining ones
were found to be statistically same as control
(Table 3). Change in firmness of fried carrot slices
depending on the process conditions of pre-dried
by ultrasound assisted drying technique were
displayed in Table 5. The influence of temperature
increasing from 30 °C to 50 °C was only found to
be significant when pretreatment was applied for 5
min  (p<0.05). Treatment time caused any
significant change in firmness of carrot slices,
when it was performed at 10 min and 15 min
(p>0.05). For both temperature levels, it was seen
that the firmness decreased with increasing time
(Table 5).

15 239.01£143.404°  290.044142.78A20

Different capital letters in the same row indicate a significant
difference in terms of application temperatures (p<0.05).
Different lowercase letters in the same column indicate a
significant difference in terms of application time (p<0.05)

Table 6. The effects different intensity ultrasound
power on textural properties of fried carrot slices

Experiments Power Hardness, ¢ Firmness, g
(%) force force
G 30  410.80+283.89% 329.43+216.45%
H 50 358.49+416.32%8 511.17+£275.012
| 70 181.294222.14* 542.60+£188.972
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Different letters in the same column indicate a significant
difference (p<0.05)

According to the results given in Table 6, it is seen
that there is no any significant change in hardness
or firmness values of fried carrot slices with
changing ultrasound power (p>0.05). Brncic et al.
(2010) studied the ultrasound assisted drying at
different ultrasound power and reported the
absence of significant effect on the textural
properties or a limited effect. In another study
conducted by Dujmié¢ et al. (2013), increasing
ultrasound power was found to cause a decrease in
hardness values but noted that this effect was not
statistically ~ significant. These results are
coincidence with the finding in this current study.
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3.2. Surface Color Values

As can be seen in Table 3, L* values, representing
surface brightness of fried carrot slices pre-dried
by ultrasound assisted drying technique, displayed
that the nearest brightness value to control group
was achieved for the carrot slices processed at the
conditions coded as D among all experiments.
Besides to D group, L* values of remaining ones
are shown to be higher than control group (Table
3). Color change from green to red is defined with
a* value. The results indicated that the general
trend in a* value was a decrease compared to
control group (p<0.05), but few exceptions being
coded treatments of C, D, and | (p>0.05). b* value
is another surface color parameter measured in
current study. Table 3 shows that compared to b*
value of control group, there is an increase in this
color parameter of fried carrot slices if they were
pretreated by ultrasound assisted drying technique
before frying (p<0.05). Ultrasound parameters
(temperature and time) were also investigated to
figure out their influences on L*, a* and b* values.
Figure 1, Figure 2 and Figure 3 display the change
in surface color parameters with temperature and
time as well as their statistical differences. It is
seen that at constant temperature level, increasing
sonication time caused an increase in L* value and
this is more apparent when medium temperature
was 50°C (Figure 1). The temperature was found
not to create any certain effect on L* value of fried
carrot slices as seen from Figure 1. For 5 min
treatment, as changing temperature value from
30°C to 50°C lowered the L*value. On the other
hand, an increase in brightness was seen with
increasing temperature, when sonication was 15
min (Figure 1). No statistically significant change
was observed with temperature for 10 min
treatment. The temperature significantly affected
a* value for all treatment durations (p<0.05), but
this effect was different in between 5 min and 10
or 15 min treatments. There was an increase in a*
value for 5 min treatment, whereas a* value
decreased for the treatments of 10 min and 15 min
(Figure 2). This may be related to the effect of
temperature-time on carotenoid content of carrot
slices. Because, for short term application,
carotenoids may turn to free form with effects of
temperature and ultrasound, but further increase in
process time resulted in adverse effect of
temperature like that was seen for treatments of 10
min and 15 min and carotenoids degraded and a*
value partially decreased. As can be seen from
Figure 2 that an increase in a* value was seen with
increasing sonication time from 5 min to 15 min at
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30°C, but this influence was reversed and
increasing process time caused a decrease for
sonication processes carried at 50°C. Another
color parameter b* was also studied and
temperature and process time were found to affect
it in limited extent (Figure 3). Except for 5 min
treatment (p<0.05), b* value did not change with
temperature (p>0.05). There was also no change in
b* value with time when sonication was at 30 °C.
However, time affected b* value (p<0.05) when
sonication temperature was increased to 50°C, but
this effect did not have a clear trend, instead
fluctuated.

Ultrasound power was another process variable
controlled in this study and the effect of its change
was investigated in terms of surface color. The
results were shown in Figure 4. An increase in
ultrasound power was seen to increase brightness
(L* value) and redness (a* value) of carrot slices
(p<0.05), but no significant change in b* value was
detected (p>0.05) (Figure 4). An increase in L*
value was continued throughout the power levels.
Power change was effective for a* value after it
was shifted from 30% to 70% (p<0.05), there was
no difference between a* values measured for
samples processed at 30% and 50% power levels
(p>0.05) (Figure 4). The change in color may be
attributed to the cavitation occurred as a result of
ultrasound. Tiwari et al. (2008) have reported
change in color parameters after ultrasound
application and they have associated these changes
with the effects of ultrasound. An intensification in
a* value may also be attributed to the
isomerization of carotenoids and reduction in
degradation of B-carotene (Chen et al., 1995; Sun
etal., 2010).
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Figure 1. Effects of temperatures and time of the
ultrasound assisted pre-drying on the brightness of

fried carrot slices

Different lowercase letters indicate a significant difference in
terms of ultrasound application time separately for each
temperature (p<0.05)

Different capital letters in the per column indicate a significant
difference in terms of application temperatures for each time
(p=0.05)
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Figure 2. Effects of temperatures and time of the
ultrasound assisted pre-drying on the a* values of
fried carrot slices

Different lowercase letters indicate a significant difference in
terms of ultrasound application time separately for each
temperature (p<0.05)

Different capital letters in the per column indicate a significant
difference in terms of application temperatures for each time
(p=0.05)
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Figure 3. Effects of temperatures and time of the
ultrasound assisted pre-drying on the b* values of

fried carrot slices

Different lowercase letters indicate a significant difference in
terms of ultrasound application time separately for each
temperature (p<0.05)

Different capital letters in the per column indicate a significant
difference in terms of application temperatures for each time
(p=0.05)
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Figure 4. The effects of ultrasound power on

surface color of fried carrot slices
Different letters indicate a significant difference for each color
parameters separately (p<0.05)

3.3. Moisture Content

Compared to control group, the moisture content
of fried carrot slices differed depending on the
conditions of ultrasound applications (p<0.05)
(Table 3). Change in moisture content of final
product occurred as a decrease or an increase.
Thus, the influence of sonication conditions on
moisture content of fried carrots was also
investigated and temperature and time effects were
analyzed in Table 7.

a



Bilge International Journal of Science and Technology Research 2018, 2(1): 31-39

Table 7. Effects of temperatures and time of the
ultrasound assisted pre-drying on the moisture
content of fried carrot slices

Moisture Temperature (°C)
Content (%) 30 50
Time 5 51.36+0.854P  44.19+6.21A2

. 10 58.03£1.02%%  42.00+0.7282
(min)

15 47.05+£0.27°¢  51.29+1.02B2

Different capital letters in the same row indicate a significant
difference in terms of application temperatures (p<0.05)
Different lowercase letters in the same column indicate a
significant difference in terms of application time (p<0.05)

Tabulated results indicated that temperature
elevation was only effective on moisture content,
when application time was higher than 10 minutes
(p<0.05), in other words there was no change in
moisture content with sonication temperature for 5
min- treatment (p>0.05). Process time was also
considered and it was found to cause a change in
moisture content only application temperature was
30°C  (p<0.05). Although moisture content
increased especially after treatment time of 10 min,
this change did not occur at significant level when
sonication was conducted at the temperature level
of 50°C. The last parameter of ultrasound
application was power level and the influence of
different sonication power in the fix time and
temperature applications was shown in Figure 5. A
decrease in moisture content at certain level was
seen with increasing ultrasound power from 30%
to 50%, but further increase up to 70% caused an
increase in moisture content again. This variation
in moisture content under the effect of power level
was found to be statistically significant (p<0.05).
Gallego-Juarez et al. (2007) reported that
increasing the ultrasonic power raised the diffusion
coefficient and accordingly it was supposed that
the amount of moisture away from the product was
increased by rising the ultrasound power. In this
study similar effect was seen for power level of
30% and 50% and this effect was thought to be
relevant to the occurrence of micro channels in
solid matrix and thus moisture level decreased.
However, at 70% power there was an increase in
moisture content. This increase occurring in
moisture content of product was attributed to the
failure to remove moisture from the structure due
to the collapses in the micro channel with the high
ultrasonic effect, at 70% level (Figure 5).

37

700
- a
2 600 b
L T ¢
= 500
2
2 400
[=
O 300
g
S 200
-

o
'g 100
0
G H I

Figure 5. The effects different intensity ultrasound

power on moisture content of fried carrot slices
Different letters indicate a significant difference (p<0.05)

3.4. Oil Content

Oil content of ultrasound assisted dried and fried
carrot slices were tabulated in Table 3. Oil content
of final fried carrot slices were generally higher
than that measured for control group samples
(p<0.05). This may be explained with the effects
of ultrasound on structure of carrot slices, since the
cavitation occurred as a result of sonication caused
mechanical effects on layers close to surface and
this accelerates the mass transfer throughout/ into
the solid matrix. Thus, oil absorption increased
during frying as well that occurred for moisture
transfer out of solid. Temperature and time effects
on oil absorption of fried carrot slices were given
in Table 8 where it was seen that both variables
caused significant changes in oil content (p<0.05).
At constant temperature level, in general manner,
an increase in process time resulted in an increase
in oil content. Temperature change was found only
to affect oil content for 10 min treatment (Table 8).

Table 8. Effects of temperatures and time of the
ultrasound assisted pre-drying on the oil content of
fried carrot slices

Temperature (°C)

Oil Content 30 50
Time 5 33.57+0.58Ab 34.72+2.0Ab
(min) 10  33.60+1.58AP 47.11+0.8182

15  40.64+1.802  39.97+5.51Aab

Different capital letters in the same row indicate a significant
difference in terms of application temperatures (p<0.05)
Different lowercase letters in the same column indicate a
significant difference in terms of application time (p<0.05)

Power level of sonication was another variable and
its effect on oil content of fried carrot slices were
seen in Figure 6. Increased power level of
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sonication was found to create statistically
significant difference for 50% power level
compared to 30% and 70% power levels (Figure
6). When oil absorption was taken into account, it
was compatible with that observed for moisture
content change in general trend (Figure 6).
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Figure 6. The effects different intensity ultrasound

power on oil content of fried carrot slices
Different letters indicate a significant difference (p<0.05)

Conclusion

The effect of ultrasound applied during drying was
found not to change the oil absorption in the
studied conditions. However, there are some
differences in other investigated properties
including color. As a result, although ultrasound
application in drying have been reported to provide
some changes in drying characteristics being
relevant to the textural variations, these changes
were not enough to affect the oil absorption taking
place during frying process being contrast to
expectations. Briefly, it could be said that further
studies including different process conditions are
required to evaluate the effect of ultrasound
application on oil absorption.
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Real-time Parental Voice Recognition System For Persons
Having Impaired Hearing

Mete Yaganoglu'*, Cemal Kose?

Abstract: Persons having impaired hearing do not live a comfortable life because they can’t hear sounds
when they are asleep or alone at home. In this study, a parental voice recognition system was proposed for
those people. Persons having impaired hearing are informed by vibration about which one of their parents
is speaking. By this means, the person having impaired hearing real timely perceives who is calling or who
is speaking to him. The wearable device that we developed can real timely perceive parental voice very
easily, and transmits it to person having impaired hearing, while he/she is asleep or at home. A wearable
device has been developed for persons having impaired hearing to use easily at home environment. Our
device is placed on user’s back, and just a ring-sized vibration motor is attached to the finger of person. Our
device consists of Raspberry Pi, usb sound card, microphone, power supply and vibration motor. First of
all, the sound is received by a microphone, and sampling is made. According to the Nyquist Theorem, 44100
samples are made per second. Normalization during preprocessing phase, Mel Frequency Cepstral
Coefficients (MFCC) during feature extraction stage, k nearest neighbor (knn) during the classification
phase were used. Statistical or Z-score normalization was used in the pre-processing phase. By means of
normalization of the data, it is ensured that each parameter in the training input set contributes equally to
the prediction of the model. MFCC is one of the feature extraction methods that are frequently used in voice
recognition applications. MFCC represents the short-time power spectrum of the audio signal, and models
the manner of perception of human ear. Knn is an educational learning algorithm, and its aim is to classify
the existing learning data when a new sampling arrives. The sound data received via microphone were
estimated through preprocessing, feature extraction and classification stages, and the person having impaired
hearing was informed through real time vibrations about to whom this voice belongs. This study was tested
on 2 deaf, 3 normal hearing persons. The ears of normal hearing persons were covered with a earphone that
gives out loud noise. Persons having impaired hearing estimated their mothers’ voice by 76%, and fathers’
voice by 81% accuracy in real-time tests. The success rate decreases due to the noise of environment
especially while watching tv. In the tests performed while these persons are asleep, a person having impaired
hearing perceives his/her mother’s voice by 78%, and father’s voice by 83% accuracy. In this study it was
aimed for persons having impaired hearing to perceive their parents’ voice and accordingly have a more
prosperous standard of living.

Keywords: Wearable Processing, MFCC, Raspberry Pi, Vibration for Deaf.

1. Introduction that would understand him and make meeting his

expenses easier with developed technology. One of

Engineers have been working on technological the most remarkable discoveries is speech

developments providing the relation between recognition applications. Speech is the most

machines imitating human behaviors and humans appropriate and effective way of communication for

for many years. Human-being wants discoveries people. The technology of speech recognition aims
Ataturk University, Faculty of Engineering, Department of Computer Citation: Yaganoglu, M., Kose, C. (2018). Real-time Parental Voice
Engineering, 25240, Erzurum, Turkey. Recognition System for Persons Having Impaired Hearing. Bilge
2Karadeniz Technical University, Faculty of Engineering, Department International Journal of Science and Technology Research, 2 (1): 40-46.
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at developing and producing systems that can get
data by talk and move on data. At the same time, it
aims at providing data not only from humans to
machines but also from machines to humans
through speech synthesis. Works on speech
recognition can be considered part of a function of
artificial intelligence machines that can get,
understand talked messages, turn them into text,
move according to these messages and complete
data transmission by talking. Speech recognition
systems are in the first place in research subjects
providing this kind of developments and are the
systems including the recognition of voices
recorded by a microphone through computer
programs. The problem of speech recognition has
had a very large place and a lot of various systems
have been developed from the past to today in the
literature. Speech processing is a place of study
many various signal processing techniques can be
applied.

It is too complicated problem to rapidly realize
speech recognition process that people can easily do
in daily life through an algorithm on computer. By
getting rid of this problem, an important step would
be taken in realizing a capability belonging to
people by means of machines. This way, an
application, which can rapidly work in a simple
embedded system, be used by disabled people for
example and place of use under the control of a
device, can be developed.

The most important benefit in speech recognition
applications is to be able to design a system deaf
and blind people can understand. In this kind of
applications, it is purposed to make a disabled
person’s life better than normal. For example, it can
be provided that a blind reader can read records
gotten before at any speed (Schafer and Rabiner,
1975). In this study, a system that deaf people can
sense father and mother voices is designed. A deaf
person doesn’t hear his parents talking to him and
his standard of life decreases. For example, he can
understand during sleeping when his parents talk to
him especially in emergency.

In the study of Phoophuangpairoj, multiple Hidden
Markov Model (HMM) voice recognition system is
used. The used system is composed of the results of
acoustic model, spelling dictionary, robot command
grammar, recognition of robot command and voice
recognition algorithms. An average success at 98%
is obtained with the system developed by using
three different user groups as gender-dependent,
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gender-independent and those whose genders are
known (Phoophuangpairoj, 2011).

In the studies of Muda et al., various commands are
separately tried for women and men by using Mel
Frequency Cepstrum Coefficients (MFCC) and
Dynamic Time Bending algorithms (Muda et al.,
2010).

In the studies of Fezari and Salah, trials for voice
recognition application are done under 4 different
conditions. Average success at 85%, 73%, 78% and
65% is respectively obtained in the end of the trials
as regular and irregular noisy inside and outside lab
(Fezari and Salah, 2006).

In the studies of Babu et al., Linear Predictive
Coding, Vector Quantization algorithms and HMM
algorithm are separately used. In the developed
system, environment noisy is determined and used
as threshold value, numbers between 0 and 9 are
firstly sensed through voice determination system
independently from time and voice processing
techniques are used. In various gain values, an
average success at 80% is obtained (Babu et al.,
2012).

In the studies of Leechor et al., while an average
success at 98% is obtained noiseless environment a
remote-control car is controlled by voice
commands, it decreases up to 44% in a noisy room
(Leechor et al., 2010).

In the studies of Jiang et al., MFCC and Chirp Z
Transform algorithms are used. An average success
at 86% is obtained in the study on 120 voice
examples with the numbers between 0 and 9 (Jiang
etal., 2009).

In their studies, Shearme and Leach develops an
application providing the recognition of disjoint
words voiced by any speaker. In their experiments,
they express each one of words with a value sets
obtained with specific intervals of the normalized
spectrum and thus realize the recognition process by
comparing the values for every one of words. They
create a dictionary composed of 32 words and test
their applications with 10 speakers. They determine
recognition percentages as 90% (Shearme and
Leach, 1968).

Chang et al. obtain 90% as the lowest success and
95% as the highest success for a speech recognition
system which MFCC is used as feature and whose
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education is realized with DTW (Chang et al.,
2012).

Nandyala and Kumar realizes DTW algorithm
whose education phase is very short compared to
HMM, YSA and SVM with dynamic programming
and a speaker-dependent Hindi disjoint speech
recognition system which MFCCs are used as
feature and suggest a success of recognition at 82%
(Nandyala and Kumar, 2010).

2. Material and Method

While game consoles, computers, smart phones and
tablets take place in the revolution of technology,
smart and wearable devices are taking the first place
today. Wearable devices particularly have an
important place for blind and deaf people. Because
of them, their life quality is tried to be increased. In
this study, a wearable device is developed to make
disabled people’s usage. Our wearable device (see
in Fig.1.) is placed on back of the user. The
wearable device we develop is composed of
Raspberry Pi, Usb sound card, Microphone, power
supply and vibration motor.

Raspberry Pi (Rpi) is developed to improve
computer-based education and teach computers to
children at schools. It is at the size of a credit card
and Linux, Android and Windows can be set up on
it. Rpi is defined a mini computer with ARM
architecture. Because of its low cost, power
consumption and little size, Rpi’s popularity has
increased recently. You can get footage by

connecting it onto TV and connect a keyboard. For
example, you can do work you do on desktop
computers and play various games working with
Word processors and calculation programs by Rpi
we call capable little computer (Balasubramaniyan
and Manivannan, 2016).

Figure 1. Our Wearable Device
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Figure 2. Raspberry Pi

The Raspberry Pi 3 technical features are:
e 4x ARM Cortex-A53, 1.2GHz CPU

¢ 1GBRAM
e 10/100 Ethernet, 2.4GHz 802.11n
wireless

e Bluetooth 4.1 Classic

e  GPIO: 40-pin header

e HDMI, 3.5mm analogue audio-video
jack, 4x USB 2.0, Ethernet, Camera
Serial Interface (CSI), Display Serial
Interface (DSI)

There should be Usb sound cart to connect
microphone. Because there is no sound card on Rpi,
Usb sound card is used to get sound. Microphone is
plugged onto Usb sound card and used to sense
sound. Sound is transmitted into Rpi by getting it by
microphone. Thus, necessary processes are done for
determined sound. As power supply, chargeable
battery or usb power supply can be used. In this
study, usb power supply is used. Vibration motor is
placed on finger of the user. By giving different
vibrations for mother and father voice with
vibration motor, it is provided that users sense who
talks.

The first step of speaker recognition is to obtain
voiced expression. For this purpose, microphone or
telephone is generally used. Speech signal obtained
in this step is analogue. First, analogue signal in
continuous time should turn into discrete time. The
process of transformation into discrete time is done
with sampling. Value of signal is measured at
specific time intervals and this obtained value is
called sample. If analogue signal has high frequency
components, you should do sampling at higher rates
not to lose data. Generally, we need sampling as
much as double highest frequency not to lose data
from analogue signal. This is known as Nyquist
ratio. Otherwise, degradation occurs because of
aliasing and original signal cannot be obtained
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again. In this study, sound is gotten by microphone
firstly and sampling is done. According to Nyquist
Theorem, 44100 samplings are done per second. A
general structure of sound recognition systems is
given in Figure 3.

L

Feature

. Classification
Extraction

Preprocessing

Figure 3. Speech Recognition System
2.1. Preprocessing

In the step of preprocessing, Statistical or Z-Score
normalization is used. The fact that some values on
the same data set are below 0 and some are bigger
than it suggests that these distances between data
and data at the initial or final point would be more
effective on results. Because of data normalization,
it is provided that every parameter on the input set
equally contributes to prediction process of the
model. By normalizing data, the distances between
them are removed and extreme points on data are
decreased (Yaganoglu et al., 2014).

2.2. Feature Extraction

In the step of feature extraction, Mel Frequency
Cepstrum Coefficients (MFCC) is used. MFCC
features model human ear. Because it is obtained by
using filter group, it shows a better success
compared to farseeing coefficients in noisy sounds.
MFCC is used in both speech recognition and
speaker recognition applications and gives
successful results. That’s why, today’s most widely
used characteristic is vectors. The method of
revealing feature taking human ear’s hearing as
example is one of the most widely used algorithms
giving the highest success. In Figure 4, steps of
deriving MFCCs are shown. MFCCs compose
features by using mel scale taking human’s hearing
as model.

Characteristics of speech signals remain stable at a
sufficiently little time interval. That’s why, sound
signals are processed at little time intervals (Schafer
and Rabiner, 1975). Researches suggest that
characteristics of sound signal remain stable at a
sufficiently little time interval. Therefore, sound
signals are processed at little time intervals. Signals
are divided by frames with length varying from 20
to 100 milliseconds generally. Mostly, the most
effective time interval is between 20 and 30 ms
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(Atal, 1976). Every frame includes N speech
examples and M (M<N) examples of the previous
neighboring frame. So, every frame covers a
specific part of the previous frame. The goal of the
method of covering is to provide that transition from
a frame to another one would be soft

Speech Signal Framing

Windowing

Mel Frequency Warping

!

|

LOG

:
I

Inverse DFT MFCC Feature Vectors

Figure 4. MFCC Steps

Windowing is the process done to prevent
discontinuity in the beginning and end of every one
o frames. Types of windowing are Hamming,
Hanning, Rectangular, Barlett, Kaiser Mel
Cepstrum Framing Windowing FFT Mel-frequency
transform Kepstrum 9 and Blackman windows. The
most widely used structure of window is Hamming.
It is used to derive frequency components of
windowed signal.

In the step of DFT, Fast Fourier Transform (FFT) is
applied to transform every frame with N samples
from the domain of time into of frequency. Methods
allowing for rapid calculation of discrete fourier
transform are fast fourier transform. Fast fourier
transform provides that discrete fourier transform is
widely used in signal processing application.
Discrete fourier transform of a sign can be
calculated the following equation. In that case, there
should be N complicated multiplication and N-1
complicated addition operations for every k value
of the transform.

According to Mel frequency skewness, width of
triangle filters changes and therefore daily total
energy in a critical band around central frequency is
included. Numbers of coefficients are yielded after
warp. In the end, inverse DFT is used to calculate
cepstral coefficient (Bhattacharyya, 2015).
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As the last step of revealing feature, every frame is
exposed to inverse fourier transform and the domain
of frequency is turned into the domain of time again.
As a result of it, Mel-Frequency Cepstral
Coefficients are yielded.

2.3. Classification

K Nearest Neighbor (Knn) is one of the mostly
preferred machine learning and classification
methods in different applications. In this
preference, the main reason is simplicity of the
method. The method of Knn was firstly
recommended by Fix and Hodges as the method of
nonparametric pattern classification in 1951. In the
classification of Knn, the first step is the process of
learning. In this process, data in the form of feature
vectors is taught to classification system and it is
determined what class it belongs to. The next step is
testing. In the step of testing, distance metrics of test
data to learning data are simply calculated. After
calculating distance metrics, results are increasingly
listed (Yaganoglu and Kése, 2017).

Bozkurt et al. used Knn in their study and obtained
the classification results with 10-fold cross
validation (Bozkurt et al., 2018). In our study,
Leave-one-out cross validation was used in order to
select the most suitable k value. Knn is a trained
learning algorithm and its goal is to classify on the
existing learning data when a new sample comes.
The algorithm decides class of the example by
considering a new sample’s nearest k neighbor
when it comes. In the algorithm of Knn, k value
should be determined firstly. The best k value
becomes determined. k = 5 value, having the best
rate, is selected. After determining k value, its
distance between all learning samples should be
calculated. Then, the process of listing with respect
to minimum distance is done. After the process of
listing, what class value it belongs to is found.

3. Results

This study has been tested on 2 deaf and 3 normally
hearing people for 30 days. Ears of normally
hearing people are covered by loud sound
earphones. Our device mounted on backs of the
people gives data to deaf person. Thus, deaf person
could very comfortably predict parent’s voice.
While sleeping, our device put with his side warns
of the person when he hears parent’s voice.
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In Figure 5, success rates of deaf and normally
hearing people in home environment are seen.
While deaf people’s rate of prediction of mother’s
voice is 74% on average, normally hearing people’s
rate of prediction of mother’s voice is 79% on
average. While deaf people’s rate of prediction of
father’s voice is 78% on average, normally hearing
people’s rate of prediction of father’s voice is 83%
on average. Considering general average, mother’s
and father’s voices are respectively predicted at
76% and 81% in home environment.
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Figure 5. Success rates of deaf and normally
hearing people in home environment

In Figure 6, success rates of deaf and normally
hearing people while sleeping are seen. While deaf
people’s rate of prediction of mother’s voice is 76%
on average, normally hearing people’s rate of
prediction of mother’s voice is 80% on average.
While deaf people’s rate of prediction of father’s
voice is 79% on average, normally hearing people’s
rate of prediction of father’s voice is 83% on
average. Considering general average, mother’s and
father’s voices while sleeping are respectively
predicted at 78% and 83%.
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Figure 6. Success rates of deaf and normally
hearing people while sleeping
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Only success rates of deaf people are like in Figure
7. Deaf people respectively predicted mother’s
voice at 74% and 76% in home environment. While
sleeping, they respectively predicted father’s voice
at 78% and 79%.
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72

70
mother voice father voice
home msleeping

Figure 7. Success rates of deaf people
4. Discussion and Conclusions

Telling the device to deaf people and educational
process take time. Understandability in telling the
device to them and first usages decreased. However,
the user could better sense after using the device.

Because of noise in home environment, lower rates
of success are obtained. Especially due to such
sounds as TV and telephone sounds, success rates
become lower. However, success rates increase
while sleeping because there is no a lot of noise.

In this study, normalization in the step of pre-
processing, MFCC in the step of feature extraction,
Knn for classification are used. In the next studies,
success rate would be tried to be increased by other
methods of revealing feature and classification.

In this study, wearable device is designed to
increase life quality of deaf people. Deaf people
could sense who talks from parent’s voice.
Particularly in emergency, deaf people can sense
that they are called when somebody calls them or
while sleeping.
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Investigation in Electrical and Thermal Efficiency of an Active
Cooling Photovoltaic Thermal (Pv/T) Solar System with
Taguchi Method

Gokhan Omeroglu'”

Abstract: In this study, an attempt was made to optimize the default parameters in various experiments to
improve the performance and heat transfer properties of the flat plate solar collector using the Taguchi
method. An experimental investigation was carried out using air as working fluid at certain speeds (3.3, 3.9
& 4.5 m/s) on a PV/T collector. In this study, experiments were conducted to investigate the effects of heat
transfer characteristics on performance, and the results are evaluated, since the above parameters have a great
effect on the performance and heat transfer properties of the flat plate solar collector. Test Design for
experiments were the Taguchi L36 Orthogonal Array Design. Experiments were carried out using the results
of the outlet temperature of the air, the electrical and thermal efficiency of the collector, and the design of
experiments by Taguchi method. The Verification results showed a significant improvement in the
performance characteristics of the flat plate solar collector. The obtained results were analyzed in the ANSY'S
fluent program.

Keywords: PV/T, Taguchi Method, ANSYS fluent, Solar system, Electrical and Thermal efficiency

1. Introduction in different numbers and manufactured at different

angles on heat transfer, pressure loss and
Solar energy is a very important source of efficiency. In another study, Kim et al. (2007)
renewable energy with minimal environmental developed an advanced nanotechnology, which is
impact. Nowadays, solar energy is used for heat, able to provide an effective platform in the field of
electricity and so on. The conversion into useful heat transfer. In heat transfer applications, the
form is the most important condition of this age. nano-liquid is used as a heat transfer medium to
The daily solar flux on the Earth's surface provides absorb more heat than base air. Bulck (1991)
more energy than that required by all people. In reviewed the optimum design parameters for the
order to use solar energy efficiently, it is necessary cross flow heat exchanger. Vollara et al. (1999)
to replace conventional energy conversion investigated the optimum design for vertical
methods. Increasing the heat transfer by increasing position turbulators in the form of a rectangle.
the surface is one of the most commonly used Bonjour et al. (2004) investigated the optimization
methods. Fins are used in these methods through in a coaxial heat exchanger where crystal-shaped
which the base heat transfer surface is increased. fins were used as rotation generators. Yakut et al.,

(2005) investigated the effects of design
The beneficial effects of turbulators on heat parameters on heat transfer and pressure loss using
transfer were first investigated in 1921 by Royds the Taguchi Method. The suspended nanoparticles
(Royds). Eimsa-Ard et al., (2009) developed enhance the thermal, physical, radiative and
empirical ~ relationships by  experimentally transport properties of the base air. Due to the
examining the effects of propeller-type turbulators improved properties, better heat transfer
Ataturk University, Engineering Faculty, 25240, Erzurum, Turkey. Citation: Omeroglu, G. (2018). Investigation in Electrical And Thermal
* Corresponding author: *gomeroglu@atauni.edu.tr Efficiency of an Active Cooling Photovoltaic Thermal (Pv/T) Solar

System with Taguchi Method. Bilge International Journal of Science
and Technology Research, 2 (1): 47-55.
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characteristics are obtained in the flat plate solar
collector.  Asiltirk and  Akkus, (2011)
experimentally investigated the effects of
increasing thermal conductivity in nano-liquids. Qi
et al. (2007) investigated the effect of selected
parameters on the performance of a heat exchanger
using louver fins with the Taguchi approach.
Numerous researches have been made in the
literature by Taguchi experimental design method
(Sahin and Demir, 2008; Sahin et al., 2005). As to
what another study reports, air mass is a critical
factor affecting the amount of energy absorbed on
the ground surface. It has been depending on the
presence of particulate matter in the atmosphere
and the length of the path through which the
sunlight travels in the atmosphere, the AMO (Air
Mass Zero) radiation level -just above the
atmosphere- falls from 1367 to 1000W/m?
corresponding to AM1 at sea level, and AM1.5 is
the standard test conditions (Virtuani et al., 2006).

2. Material and Method

The objective for using Taguchi method in this
study is to obtain minimum number of experiments
in investigating the effects of parameters, such as
material, the number of fins, the velocity of air
flow, the humidity, the fin arrangement and
radiation level on thermal and electrical yields.
The optimal input parameter combination was
determined using the Taguchi method. The
Taguchi method (de Lieto Vollaro et al., 1999) is
an experimental design technique used to
considerably reduce the number of experiments
using appropriate orthogonal arrays. Using
Taguchi experimental design method, optimum
values of design parameters in different systems,
such as radiation, different materials, and different
humidity values have been tried to be determined.

The thermal and electrical efficiencies obtained for
all given test cases are compared with the baseline
data obtained with the empty channel. Local and
average thermal and electrical efficiencies are
presented and total heat transfer improvement is
investigated. The aim is to reduce the
experimenting time and cost and obtain higher
Signal to Noise (S/N) ratios and to reduce the
noise factors and consequently increase the signal
value. The standard deviation also decreases The
purpose of this experiment is; to identify and
measure the parameters with the greatest potential
to improve the electrical and thermal efficiencies
and performance characteristics of the system as
well as to optimize selected design and operating
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parameters by modifying experimental variable
parameters such as the actual transfer and speed.

Taguchi's Experimental Design (DOE) was
conducted to determine the improved heat transfer
properties of the airflows and the airflow that
maximized performance of the photovoltaic solar
panel, and to test 36 combinations of airborne
species and materials.

Choosing an Orthogonal Array: An Orthogonal
Array (OA) is a fractional factorial matrix that
allows a balanced comparison of the interaction
levels of any factor or factors. This is a matrix of
numbers arranged in rows and columns, each row
representing the level of the factors, and each
column representing a specific factor that can be
changed in each run. This sequence is called
orthogonal because all columns can be evaluated
independently of each other. OA has many design
parameters at the same time. In this experimental
study, parameters having three and two levels of
control factor require 6 degrees of freedom.
Mathematically:

L36= 34*22

The L36 can occupy three three-level parameters.
Table 1 shows the design values of the L36
orthogonal array.

Table 1. Independent variables and levels.

Parameters Levels
Material (A) | Al Cu
Number of
Fins (B) 54 108
Irradiation | 900 2 1350
© W/m?2 1100 W/m W/m?2
Arrangement . . Shifted
(D) In-Line | Shifted Type 1 Type 2
'(AI‘E')r Velocity 3.3m/s |3.9m/s 4.5m/s
Humidity

75 8 94
(@)
Parameter selection: When selecting the
parameters, 6 basic operating parameters such as
air velocity, radiation, humidity ratio, fin

arrangement, material types, number of fins and
incident solar radiation are selected. It is assumed
that these parameters have a significant effect on
the performance characteristics and they were
tested using photovoltaic solar. In the Taguchi
design experiment, two levels are considered for
materials and the number of fins, and three levels
for back channel parameters. The physical
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properties of the base air, the heat transfer
properties, and the fins for the turbulence
formation. It is estimated that the collector
performance depends on the solar irradiation.

For this reason, the Reynolds number, the number
of fins and the incident solar power were chosen as
the affected features. In the engineering system,
manipulated production and performance factors
behave in three categories: (Asiltirk, Akkus,
2011).

e Control factors affecting the process
variability measured by the S/N ratio.

e Signal factors affecting the S/N ratio or
average of the process

e Factors affecting the S/N ratio or the
average of the transactions

S/IN ratio properties can be divided into three
categories given by the following three equations
when the properties are continuous (Shetty, Pai,
Rao, Nayak, 2009).

e Nominal is the best feature;

S _ y

~ = 10log 52 (1)
e Smaller feature is better;

== —10log= (L ¥?) v)
e  Greater feature is better;

S _ 11

~=-10log= (T ) ®)

Here, ¥ is the average of the observed data,
(S_Y”2); (Y) is variation, n is the number of
experimental observations. In Taguchi method,
some factors rise or fall is good or bad. For
example, the thinning of the boundary layer and
the decrease in heat transfer coefficient slapping,
causing an increase in heat transfer and this is
good | mean S-N, S or older I prefer to be low.
How good is the result when considering it? In this
experiment, better characteristics are taken into
consideration, since reactions in parameters such
as outlet temperature, collector efficiency and heat
transfer rate must be higher. The experiments
were carried out based on the design values
obtained from the L36 vertical alignment. Mean
fluid velocity, inlet air temperature and solar
radiation source has a constant value in all
experiments. Experiments were validated and
verified by carrying out multiple repetitions. If the
deviation of the experimental reading measured for
a given air velocity is lower than the specified
limits during the constant temperature time, it is
assumed that the collector is operating under
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steady state conditions. The air velocity is between
3.3, 3.9 and 4.5m/s and the irradiation level is
around 900, 1100 and 1350 W per square meter of
photovoltaic surface area.

The flat plate photovoltaic is tested against
Reynolds number. The block diagram of the flat
plate solar collector is shown in Figure 2. Once the
steady-state condition is satisfied, the data

averages are taken for each test period and the
Taguchi method is used for optimization.

Figure 1. Solar flat photovoltaic plate collector
test setup

A test setup was designed to investigate the
thermal and electrical performance of the PV/T air
system. This system was built in the engineering
faculty laboratory at Ataturk University in
Erzurum. A schematic diagram of the whole
experimental setup is shown in detail in Figure 1.
This experimental study was designed to
investigate how temperature affects the efficiency
and power output of a PV panel during operation
and by wusing various fin numbers and
arrangements.

The amount of radiation was tried to be kept
constant at 900, 1100 and 1350 W/m? by using
light bulbs during experiments. This radiation
intensity cannot be measured by direct solar
radiation on earth. However, this, or even higher
intensities are possible in condensed (lens, mirror
etc.) photovoltaic systems.

3. Mathematical Formulation

The law of conservation of mass (also referred to
as the first law), the most basic law of
thermodynamics, applies to all thermodynamic
calculations. Before performing the
thermodynamic analysis of the photovoltaic
thermal (PV/T) system, which is the subject of this
study, it should be noted that the system is a
control volume with continuous flow (an open
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system). A control volume is the general name for
systems with a mass flow through their boundaries.
The mass transfer from any system to the control
volume or from the control volume to the system
in a At time interval is equal to the change of mass
in the control volume at that time interval.

m inlet — m outlet = Am cv

[ka/s] (4)

The energy equation for a continuous flow system

IS:.

Table 2. L36 orthogonal array design and thermal & electrical signal noise values

X Material | N0 | irragiation arranzie”mem Veﬁiéity Humidity| 1 Thermal SINL N Electrical | SIN2
L . 1 1 L 1 1 49 33.8039216 11 20.8318
A 1 ) ) ) 5 52 3432006687 11.05 20879
s | 1 1 2 2 2 2 56 34.96376054 1112 | 20.96464
4| 1 1 1 1 1 1 49 * 11.01 *

50 1 1 2 2 2 2 52 * 11.08 *

6| 1 1 3 3 3 3 56 * 1123 *

e 1 1 1 ) 2 50 33.97940009 11 2082785
s | 1 ) ) ) 2 ) 53 3448551739 1103 | 2085151
o | 1 1 3 3 1 5 50 33.97940009 1101 | 2083575
ol 1 ) 1 1 3 5 68 36.65017825 118 | 2143764
a1 ) ) 5 1 2 58 3526855987 113 | 21.06157
P ) 3 3 ) 1 65 3625826713 1173 | 213859
7 ) 1 5 2 1 69 36.77698181 1188 | 2149633
w1 ) ) 3 1 5 57 3511749711 1128 | 21.04618
T ) 2 1 ) 2 63 35.08681009 1156 | 2125916
I ) 1 5 3 5 675 3658607546 116 | 21.28916
T ) ) 2 1 2 69.6 36.85218479 119 | 2151004
7 ) 3 1 ) 1 632 36.01434157 1158 | 21.27417
S 1 1 5 1 2 52 34.32006687 1103 | 2085151
0| o 1 ) 3 ) 1 56 34.96376054 1109 | 20.89863
N 1 3 1 2 5 57 3511749711 111 | 2090646
| o 1 1 5 ) 3 55 34.80725379 1108 | 20.8908
N 1 ) 2 2 1 60 3556302501 112 | 20.98436
a2 . 2 ) . 5 52 34.32006687 1102 | 2084363
B R ) ) 2 ) ) 56 34.96376054 1107 | 20.88295
%] 2 1 ) 1 3 5 57 3511749711 1125 | 21.02305
R R . 3 5 . 2 52 34.32006687 1102 | 2084363
5| 2 ) ) 2 ) 5 695 3683969600 119 | 2151004
ol 2 ) ) ) 2 2 713 37.0617906 1195 | 2154736
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30 2 2 3 2 1 1 65 36.25826713 11.89 21.50364
31 2 2 1 3 3 3 74 37.38463439 12 21.58362
32 2 2 2 1 1 1 63.6 36.06914231 11.45 21.17611
33 2 2 3 2 2 2 68.4 36.70112203 11.5 21.21396
34 2 2 1 3 1 2 66.3 36.43027057 11.87 21.48901
35 2 2 2 1 2 3 67.4 36.57319793 11.9 21.51094
36 2 2 3 2 3 1 71 37.02516697 11.95 21.54736

QU =1m. Cp (Tintet — Touttet) kW] %)
The total solar power from the sun is the sum of
the thermal power gain and the electrical power

production (Q,=1.V) and is given as below:

anin = Th[Cp (Tinlet - outlet)] +1 V[kW] (6)
and the first-law efficiency is:
Qu+Qe—Wran Qgain—Wran
— fan _ %g f (7)

Qsolar Qsolar

When there is a flow in the system, regarding the
calculations, it is important to determine whether
the flow is compressible or incompressible. Where
is concluded to be the Newtonian flow.

Q= h-Apv' (ATqir — Tpv) [kw] )]
Using Equation 6, with the help of the energy the
air has gained within the designed control volume,
the total heat transfer coefficient for the system can
be calculated.

Against each Reynolds value for the air acting as
the refrigerant in the system, a different thermal
and electrical efficiency will correspond.

The finned part of the test system, which is placed
in the control volume in the test setup and ensured
to fully contact with the panel, is the most
important part of the system. In the control
volume, two different arrangement configurations,
a frequent arrangement with 54 pcs and 108 pcs
and a sparse arrangement with 54 and 108 pcs,
were used for both aluminum and copper
cylindrical fins. In order to investigate the effects
of the fins on the heat transfer rate, a baseline data
has also been acquired with no fins installed in the
control volume. Experiments were carried out
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using artificial solar

radiation on a mono

crystalline photovoltaic panel and measurements

were taken.

Table 3. Parts of the experimental setup

Test Section

Control Section

1 Air Outlet

10 Pyranometer

2 Fan

11 Data Logger

3 Temperature
Transmitter

Humidity

12 Computer

4 Input Velocity Anemometer

13 DC-AC Inverter

5 Photovoltaic Panel

14 Acidic Gel Battery

6 Thermocouple

15 Solar Charger
Regulator

7 Control Volume

16 Air Inlet

8 Photovoltaic Power

Transmission

17 Cooling Fins

9 Atrtificial Solar Radiation

$ (1 front of the pasel)

0 e

~

999

Figure 2. Experimental schematic setup
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Figure 3. The control volume for the experimental
setup

¥

.

(@) ‘

Figure 4. Fin numbers and arrangements a) 108
pcs in-line b) 54 pcs shifted c) fin geometry

»

4, Results and Discussion

Experimental studies were carried out according to
the Taguchi design. The boundary conditions of
each experiment were constant and the obtained
data were analyzed using Taguchi analysis. The
signal-to-noise ratio is an important part of the
experimental data when analyzed by the Taguchi
method. According to the Taguchi method, the
maximum (S/N) ratio is required to obtain
optimum heat transfer properties.

The level values of the factors obtained according
to Taguchi design for thermal and electrical
efficiency are given in Table 3 and Table 4. Better
characteristics are selected and the thermal and
electrical efficiency of the input parameters in Fig.
5. Therefore, interpretations can be made based on
the level values of the factors A, B, C, D, Eand F
given in Table 3, Table 4 and in Fig. 4, when the
optimum heat transfer parameters of the
experiments to be performed under the same
conditions are determined. Different values of the
ratios (S/N) between maximum and minimum
(main effect) are shown in Table 3 and Table 4.
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Main Effects Plot for SN ratios
Data Means
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Signal-to-noise: Larger is better

Figure 5. Mean S/N Ratios Versus Factor Levels
for Electrical Efficiency

Main Effects Plot for SN ratios
Data Means

A B C D E F

Mean of SN ratios

380

U5

Signal-to-noise: Larger is better

Figure 6. Mean S/N Ratios Versus Factor Levels
for Thermal Efficiency

Table 4. Taguchi Analysis for Thermal Efficiency
(Impact Rate)

Level |A B C D E F

1 354 |34,6 |35,69 |3552]|35,16 |35,65
2 35,77 | 36,44 | 35,58 | 35,53 35,58 | 35,56
3 35,54 | 35,76 | 36,07 | 35,59 |36,07 | 355
Delta 0,37 |1,83 |0,15 |0,24 |091 |0,09
Rank |3 1 5 4 2 6

Table 5. Taguchi Analysis for Electrical

Efficiency (Impact Rate)

Level | A B C D E F

1 21,13 120,89 | 21,19 | 21,15 | 21,09 | 21,17

2 21,18 | 21,38 | 21,14 | 21,13 | 21,14 | 21,13

3 21,14 121,19 | 21,24 | 21,17 | 21,24 | 21,17

Delta |0,05 0,49 (0,05 |0,06 |0,15 0,03

Rank |5 1 4 3 2 6
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Table 6. Statistical studies prepared in Minitab
program.

SE 95% ClI
Sample N Mean StDev Mean forp
C1 200 10,7424 0,0589 0,0525 (0,6395;
0,8452)
w: mean of Cl

The error analysis was performed for Exp. No: 31
which gives the best results. This analysis was
conducted at a 95% confidence level. As a result of
the analysis, the error rate is calculated to be 16%
approx. The analysis of the wear test results was
carried out using the "Biggest-Best" calculation
method. As can be seen from Table 3, Table 4, Fig.
4 and Fig. 5, the arrangement of the fins and the
material are considered to be the most influential
factors in the experiments.

75
g 12
c
o
5]
65 2
3 3
£ §11s
5 g S
= %
g
45 £ 11
0 10 20 30 =

Nugbesof experiments,

Figure 7. Electrical and Thermal Efficiency versus
each Experiment of Taguchi
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(54 Type-1) (54 Type-2) (108 Type-1)
Type-2)

(108

Figure 8. Temperature contours for copper 108
pcs type 1&2 and 54 pcs type 1&2, at 4.5m/s

(54 Type-1)
Type-2)

(54 Type-2) (108 Type-1)

(108

Figure 9. Temperature contours for copper 108
pcs type 1&2 and 54 pcs type 1&2, at 3.9m/s
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(54 Type-1)
Type-2)

(54 Type-2) (108 Type-1) (108

Figure 10. Temperature contours for copper 108
pcs type 1&2 and 54 pcs type 1&2, at 3.3m/s

5. Conclusion

The Taguchi experimental design was used to
obtain optimum heat transfer properties of the flat
plate solar collector. Experiments were carried out
using air as the heat transfer medium. Test results
were analyzed using ANOVA and obtained results
are given below.

Using the Taguchi method, the L36 vertical array
has four different performance levels: air velocity,
number of fins, fins material and incident solar
radiation. instead of carrying out the full factorial
number of experiments, only 36 experiments were
carried out. (S/N) ratio was found to be the main
influent factor. Variance analysis was applied to
obtain the rates (S/N) to discover the interactions
between the factors related to electrical and
thermal efficiency and heat transfer rate. An
attempt was made to reckon the best combination
of variable values.

The results are as given below:

1. The most effective factor on thermal efficiency
was found to be the Number of Fins (B), while the
next most prominent being Air Velocity (E). The
importance ratings were found to be Material (A),
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Arrangement (D), Radiation (C) and Humidity (F)
respectively.

2. The most effective factor on electrical efficiency
was found to be the Number of Fins (B), while the
next most prominent being Air Velocity (E). The
importance ratings were found to be Arrangement
(D), Radiation (C), Material (A) and Humidity (F)
respectively.

3. According to applied Taguchi method, for the
optimal resulting value; 2 values for Material (A),
2 values for Number of Fins (B), 1 value for
Radiation (C), 3 values for Arrangement (D), 3
values for Air Velocity (E), 3 values or 1 value for
Humidity (F) have been found to be optimal
values. As a result; Material (Cu), Number of Fins
(108), Radiation (900 w), Arrangement (Shifted
Type 2), Air Velocity (4.5 m/s) and Humidity (7.5
or 9.4) were chosen to be optimal values for
variable system parameters.

4. Prior to this study, the most important parameter
to be most effective on these experiments was
assumed to be the material. But it turned out that
the most important parameter for the study is the
number of fins.

5. While the number of experiments to be carried
out with 2 variable 2 parameters and 3 variable 4
parameters is 324, thanks to the implementation of
Taguchi method, the problem could be solved in
36 experiments and it provides equipment savings.
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Nomenclature:

Ap Aperture area of PV module (m?)

C Velocity of sound (m/s)

Cp Specific heat capacity (J/kg K)

[ Electrical power production(W)

0. Usable thermal power (W)

Osolar | Solar radiation (W/m2)

Ame, | Difference of mass in control volume
(kg/s)

Miner | INlet mass of air (kg/s)

Moutet | Outlet mass of air (kg/s)

| Direct current (Ampere)

h Heat transfer coefficient in air duct
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(W/m? K)

Tov Surface temperature of PV module(K)

Tinet | Inlet air temperature (°C)

Toutet | Outlet air temperature (°C)

v Velocity of air (m/s)

Wan Work of fan (W)

Vv Voltage (Volt)

Qgain | Gained total power (W)

k Heat  transfer coefficient ~ for
conduction (W/m K)

Y Average of observed data

n the number of experimental

S¢ variation of Y,
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Abstract: The spectroscopic investigations of p-tert-butylphenyl salicylate (Ci7H1s03) molecule were
performed using **C and 'H NMR chemical shifts, FT-IR and Raman spectroscopies. Molecular geometric
optimizations, vibrational frequencies, Carbon-13 and Proton NMR chemical shifts (in vacuum and
chloroform), HOMO-LUMO properties, natural bond orbital (NBO) analysis, nonlinear optical properties and
thermodynamic parameters of p-tert-butylphenyl salicylate molecule was studied using B3LYP, B3PW91,
MO06-2X and CAM-B3LYP functionals in DFT method at the 6-311++G(d,p) basis set. NBO analysis was
carried out to investigate the intramolecular hydrogen bonding (O-H~O) in the title molecule. Some of the
molecular properties such as ionization potential (1), electron affinity (A), chemical hardness (7), chemical
softness (¢), electronegativity (x), chemical potential («) and electrophilicity index (w) parameters were
determined via HOMO and LUMO energies of the title molecule. Also, quantum chemical computations were
performed to determine the dipole moment (uwtal), Mean polarizability (), anisotropy of the polarizability (Aa)
and first hyperpolarizability (o) values. Thermochemical properties of the title molecule were investigated
with the aforementioned calculation levels. The recorded experimental spectroscopic results were found to be
in good agreement with the computed data.

Keywords: P-tert-butylphenyl salicylate, Vibrational spectroscopy, NMR chemical shifts, NLO properties,
Thermodynamic properties, HOMO-LUMO analysis.

1. Introduction salicylate (4-TBPS) (Choi et al., 2016). Salicylic
acid derivatives are used for medicinal and cosmetic
P-tert-butylphenyl salicylate (TBS) is well-known purposes. They are used as antipyretics, vitamins,
commercial ultraviolet stabilizer and ultraviolet antioxidants, NSAIDs, food preservatives,
absorber (UVA). Ultraviolet absorbers (UVA) have bactericidal agents, antiseptics, etc. (Hutchinson,
been extensively studied due to the importance of 2003; Madan and Levitt, 2014). The molecular
protecting polymeric materials from photooxidation chemical formula and molecular weight of p-tert-
(Schmitt and Hirt, 1960; Gottfried and Dutzer, butylphenyl salicylate are Ci7H1503 and 270.328
1961; Newland and Tamblyn, 1964; Dobashi and g/mol, respectively and its melting point is reported
Ohkatsu, 2008). As a salicylic acid derivative, 4- as 65-66 °C (Pubchem, 2017). Kasumov and Kdksal
tert-butylphenyl salicylate (4-TBPS) exhibits anti- studied new bidentate N-(2,5-di-tert-
inflammatory activity. Choi et al. investigated the butylphenyl)salicylaldimines that involve X=H,
anti-inflammatory effects of 4-tert-butylphenyl HO, CH30, Br, NO,, 3,5-di-Br, 3-NO,-5-Br and
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Bartin, Turkey Butylphenyl Salicylate. Bilge International Journal of Science and
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5,6-benzo substituents on the salicylaldehyde
moiety, LxH, and their mononuclear bis [N-(2,5-di-
tertbutylphenyl) salicylaldiminato] copper (II)
complexes, Cu(Ly), using IR, UV-visible, *H NMR,
ESR  spectroscopy, magnetic measurements
(Kasumov and Koksal, 2002). Raja et. al.,
investigated the molecular vibrations of 1-Naphthol
in polycrystalline sample, at room temperature,
using FT-IR and FT-Raman spectroscopy (Raja et
al., 2013).

In this study, vibrational frequencies (FT-IR and
Raman), NMR chemical shifts, optimized
molecular geometric parameters, HOMO-LUMO
analyses, NBO analysis, NLO properties and
thermodynamic parameters of p-tert-butylphenyl
salicylate were investigated both experimentally
and theoretically. No detailed work was found on
structural, spectral, electronic, nonlinear optical
properties and thermodynamic investigations of the
title molecule in the literature. The theoretical
computations were performed using B3LYP,
B3PW91, M06-2X and CAM-B3LYP functionals
in DFT method with the 6-311++G(d,p) basis set.
As theoretical analyses provide a powerful support
for experimental studies, quantum chemical
computations have been used by many researchers
to determine the structural, spectroscopic,
magnetic, electronic, optical and thermodynamic
properties of the molecular systems in the literature
(Buyukuslu et al., 2010; Ceylan et al., 2016;
Kavitha and Velraj, 2016; Oztirk and Gokee,
2017).

2. Computational Details

Molecular geometric optimizations, vibrational
wavenumbers, Proton and Carbon NMR chemical
shifts (in vacuum and chloroform), NBO analysis,
NLO properties, HOMO-LUMO analyses and
thermodynamic parameters of the title molecule
were studied using Gaussian 09W software package
(Frisch et al., 2009). The calculated results were
visualized via GaussView5.0 program (Dennington
et al., 2009).

All  quantum chemical computations were
performed with B3LYP, B3PW91, M06-2X and
CAM-B3LYP functionals in DFT method (Lee et
al., 1988; Becke, 1993; Perdew et al., 1996; Yanali
et al., 2004) at the 6-311++G(d,p) basis set in the
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ground state of the title molecule. The calculated
harmonic vibrational wavenumbers were scaled
with 0.9671 for B3LYP/6-311++G(d,p) level,
0.9576 for B3PW91/6-311++G(d,p) level, 0.9489
for M06-2X/6-311++G(d,p) level and 0.9665 for
CAM-B3LYP/6-311++G(d,p) level (Cruz et al.,
2015; Kanagathara et al., 2015; Chase et al., 2016).

Using optimized molecular geometries, *H and 3C
NMR isotropic chemical shift were computed with
aforementioned computational levels using integral
equation formalism polarizable continuum model
(IEFPCM), solvent model and gauge invariant
atomic orbital (GIAO) approach (London, 1937;
Ditchfield, 1974; Wolinski et al., 1990). The
HOMO and LUMO analyses were performed using
aforementioned computational levels. According to
HOMO and LUMO energy values, the quantum
molecular descriptors such as ionization potential
(), electron affinity (A), chemical hardness (7),
chemical softness (&), electronegativity (),
chemical potential () and electrophilicity index (w)
parameters were computed. Nonlinear optical
(NLO) properties such as dipole moment (1), mean
polarizability (ouoal), anisotropy of the polarizability
(Aa) and first hyperpolarizability (fo) were
computed with the mentioned computational levels.
NBO analysis was performed to investigate the
intramolecular hydrogen bonding interaction (O-
H-Q) in the title compound molecule. Finally,
thermodynamic properties (thermal energy (E), heat
capacity (Cy), entropy (S), zero-point energy, etc.)
were calculated at B3LYP, B3PW91, M06-2X and
CAM-B3LYP/6-311++G(d,p) levels.

3. Results and Discussion
3.1. Molecular structure analysis

The optimized molecular structure of p-tert-
butylphenyl salicylate was given in Figure 1 with
numbering of the atoms. The optimized molecular
geometric parameters including bond lengths and
angles, as given in Table 1, were calculated using
B3LYP, B3PW91, M06-2X and CAM-B3LYP/6-
311++G(d,p) theoretical methods.
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Figure 1. The optimized molecular structure with the B3LYP/6-311++G(d,p) level of p-tert-butylphenyl

salicylate
Table 1. The optimized molecular geometric parameters of p-tert-butylphenyl salicylate.

|Bonﬂ B3LYP Bapwor MO CAM- Bond B3LYP Bapwol MO CAM-
e?gt) S 2X  B3LYP  angles (°) 2X  B3LYP
C1-C2 1.383 1.381 1.380 1.377 C2-C1-C6 119.3 119.3 119.2 119.2
C1-C6 1.402 1.400 1.399 1.397 C1-C2-C3 121.0 120.9 120.9 120.9
C2-C3 1.407 1.404 1.403 1.401 C2-C3-C4 119.2 119.4 119.5 119.4
C3-C4 1.417 1.415 1.409 1.408 C2-C3-C11 122.0 122.1 121.6 121.8
C3-C11 1.469 1.465 1.473 1.467 C4-C3-Cl11 118.7 118.5 118.9 118.8
C4-C5 1.402 1.400 1.399 1.397 C3-C4-012 123.0 122.9 123.5 123.0
C4-012 1.344 1.337 1.339 1.338 C5-C4-012 117.7 118.0 117.3 117.7
C5-C6 1.385 1.382 1.381 1.378 C4-C5-C6 120.3 120.2 120.3 120.2
C11-013  1.221 1.220 1.212 1.215 C1-C6-C5 120.9 121.0 121.0 121.0
C11-014  1.356 1.350 1.347 1.346 C3-C11-013 1243 124.2 124.4 124.2
014-C16  1.405 1.398 1.395 1.399 C3-C11-014 1133 1134 112.9 1135
C16-C17 1.388 1.386 1.386 1382  013-C11-014  122.4 122.4 122.8 122.3
C16-C18 1.385 1.383 1.382 1.378 C4-012-H15 107.9 107.2 108.7 108.2
C17-C19 1.391 1.389 1.388 1385 C11-014-C16  119.0 118.7 119.4 118.5
c1s-c21 1.395 1.392 1.392 1390 014-C16-C17 1184 118.3 117.2 118.8
C19-C23 1.403 1.401 1.399 1397 014-C16-C18  120.7 120.7 121.7 120.1
C21-C23 1.400 1.397 1.396 1393  C17-C16-C18  120.9 120.9 121.1 121.0
C23-C26 1.539 1.533 1.530 1532  C16-C17-C19  119.2 119.1 119.1 119.1
C26-C27 1.547 1.540 1.538 1538  C16-C18-C21  119.2 119.2 119.0 119.2
C26-C31 1.547 1.540 1.538 1538  C17-C19-C23  121.8 121.8 121.6 121.8
C26-C35 1.540 1.533 1.532 1.532 C18-C21-C23 121.8 121.8 121.7 121.6
013+-H15  1.752 1.720 1.788 1.745  C19-C23-C21  117.2 117.2 1175 117.4
012013 2619 2.598 2.635 2.608  C19-C23-C26  119.9 119.9 119.7 119.8
C21-C23-C26 1229 122.9 122.9 122.8

C23-C26-C27 109.4 109.3 109.4 109.4

C23-C26-C31 109.5 109.4 109.2 109.4

C23-C26-C35  112.3 112.2 112.1 112.2

C27-C26-C31  109.4 109.4 109.4 109.4

C27-C26-C35 108.1 108.2 108.3 108.2

C31-C26-C35 108.2 108.2 108.3 108.2

012-
H15-013 145.3 146.6 1435 144.9

The calculated molecular geometric parameters
were compared with the experimental and
theoretical geometric parameters of similar
structures in the literature (Bilgram et al., 1982;
Hammond et al., 2002; Hanuza et al., 2004). C11-
014 and C11=013 bond lengths in the salicylate
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group of the title compound were computed as
1.356 A, 1.350 A, 1.347 A, 1.346 A and 1.221 A,
1.220 A, 1.212 A, 1.215 A respectively, using
B3LYP, B3PW91, MO06-2X, CAM-B3LYP/6-
311++G(d,p) levels. Likewise, the C4-O12 bond
length was found as 1.344 A for B3LYP, 1.337 A
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for B3PW91, 1.339 A for M06-2X and 1.338 A.
C11-014, C11=013 and C4-012 bond lengths for
salol (phenyl salicylate or benzoic acid 2-
hydroxyphenylester) molecule were reported as
1.354 A, 1.215 A and 1.356 A with experimental X-
Ray analysis by Bilgram et al. (Bilgram et al.,
1982), respectively. For salol molecule, Hanuza et
al. (Hanuza et al., 2004) calculated C11-0O14 bond
length as 1.349 A, C11=013 bond length as 1.224
A and C4-O12 bond length as 1.333 A using
MPW1PQ91/6-31G(d,p) level. Similarly,
Hammond et al. (Hammond et al., 2002) reported
the molecular structure and molecular geometric
parameters of salol molecule in meta-stable phase
using X-Ray powder diffraction analysis. C3-C11
and C16-014 bond lengths were respectively found
as 1.469 A, 1.465 A, 1.473 A, 1.467 A and 1.405 A,
1.398 A, 1.395 A, 1.399 A with the aforementioned
computational methods. Experimental values of
these bond lengths were reported as 1.464 A and
1.411 A, respectively (Bilgram et al., 1982). The C-
C bond lengths in ring 1 and ring 2 of the title
compound were calculated at the interval of 1.383-
1417 A and 1.385-1.403 A for B3LYP, 1.381-
1.415 A and 1.383-1.401 A for B3PW91, 1.380-
1.409 A and 1.382-1.399 A for M06-2X and 1.377-
1.408 A and 1.378-1.397 A for CAM-B3LYP,
respectively. The hydrogen bonding parameters for
012-H15, 013+H15, 012013 and O12-
H15-013 were computed as 0.982 A, 1.752 A,
2.619 A and 145.3° for B3LYP, 0.983 A, 1.720 A,
2.598 A and 146.6° for B3PW91,0.974 A, 1.788 A,
2.635 A and 143.5° for M06-2X and 0.979 A, 1.745
A, 2.608 A and 144.9° for CAM-B3LYP. C3-C11-
013, 013-C11-014, C4-012-H15 and C11-O14-
C16 bond angles were computed as 124.3°, 122.4°,
107.9° and 119.0° for B3LYP, 124.2°, 122.4°,
107.2° and 118.7° for B3PW91, 124.4°, 122.8°,
108.7° and 119.4° for M06-2X and 124.2°, 122.3°,
108.2° and 118.5° for CAM-B3LYP, whereas their
experimental values were reported as 125.1°,
121.9°, 105.7° and 117.6°, respectively (Bilgram et
al., 1982). C4-C3-C11-014, C3-C11-014-C18,
C11-014-C16-C17  and C19-C23-C26-C31
dihedral angle values were calculated as 179.5°,
179.4°, 109.1° and 60.0° for B3LYP, 179.4°,
179.1°, 110.3° and 60.0° for B3PW91, -180.0°, -
179.9°, 124.7° and 60.7° for M06-2X and 179.8°, -
180.0°, 101.2° and 59.9° for CAM-B3LYP,
respectively.

We <can see from computed vibrational
wavenumbers given in Table 2 that imaginary
frequency value is not found at B3LYP, B3PW91
and MO06-2X/6-311++G(d,p) levels, whereas one
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imaginary frequency value (mode no:vi=-3.2 cm?)
is computed at CAM-B3LYP/6-311++G(d,p) level.
This situation shows that the minimum energy state
in the available conformation was not achieved for
CAM-B3LYP/6-311++G(d,p) level. This
molecular structure is an unstable conformational
form for CAM-B3LYP/6-311++G(d,p) level and it
can be a saddle point or transition state or non-
minimum energy point over PES of the title
compound. The  vibrational assignment
corresponding to this vibrational mode (mode no:
vy) in all computational methods is torsional mode
(tC11014C16C17) between salicylate group and p-
tert-butylphenyl group in the title compound.

3.2. Vibrational frequency analysis

P-tert-butylphenyl salicylate molecule has 38 atoms
and 108 fundamental vibrational modes. The
recorded (AIST, 2017) and calculated vibrational
wavenumbers, IR intensities, Raman scattering
activities and vibrational assignments were
summarized in Table 2. The recorded (AIST, 2017)
and calculated IR and Raman spectra of the title
molecule were presented in Figures. 2 and 3,
respectively. The OH, CH, CC, C-O and C=0
vibrational results obtained with experimental and
computational methods are in good agreement with
the results given in the literature (Nyquist et al.,
1996; Kalampounias et al., 2003; Baran and
Davydova, 2010). The linear correlation
coeffections (R?) hbetween experimental and
computed vibrational wavenumbers were also given
in Table 2.
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Figure 2. The experimental (AIST, 2017) (top) and
simulated (bottom) IR spectra of p-tert-butylphenyl
salicylate.

The OH vibrations are very sensitive due to effect
of hydrogen bonding and the OH stretching modes
observe in the region of 2800-3250 cm™ (Colthup et
al., 1964; Bellamy, 1975). Due to 012-H15-013
intramolecular hydrogen bonding in the title
molecule, the OH stretching band was observed at
3207 cmt in IR spectrum and 3208 cm in Raman
spectrum. This stretching band was computed at
3353.0 cm?® with B3LYP, 3286.9 cm? with
B3PW91, 3424.6 cm™ with M06-2X and 3401.3
cm® with CAM-B3LYP. OH in-plane bending
modes were observed and computed as mixed with
other vibrations in the region of 1200-1600 cm™.
However, the OH out-of-plane bending mode was
obtained as individual bands. The OH out-of-plane
bending bands were not observed in IR and Raman
spectra of the title molecule. These bands were
computed at 728.2 (mode no:vss) and 775.6 (mode
no:vsy) cm* with B3LYP, 744.3 (mode no:vss) and
773.7 (mode no:vs;) cm?* with B3PW91, 663.9
(mode no:vsy) and 677.2 (mode no:vas) cm? with
MO06-2X and 727.5 (mode no:vss) and 791.1 (mode
no:vsy) cm* with CAM-B3LYP.
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Figure 3. The experimental (AIST, 2017) (top) and
simulated (bottom) Raman spectra of p-tert-
butylphenyl salicylate.

The aromatic CH stretching vibrational modes
occur in the region of 3000-3100 cm™ (Colthup et
al., 1964; Bellamy, 1975; Silverstein and Webster,
1998; Stuart, 2004). The bands recorded at 3023,
3068 and 3073 cm in IR and Raman spectra of the
title compound can be attributed to the aromatic CH
stretching modes. These modes were computed at
the interval of 3065.4-3104.3 cm™ for B3LYP,
3045.2-3081.7 cm* for B3PW91, 3029.7-3066.4
cm! for M06-2X and 3086.2-3123.6 cm™ for CAM-
B3LYP. Symmetric and asymmetric stretching
modes for methyl and methylene groups were
observed between 2800 c¢cm?® and 3000 cm
(Colthup et al., 1964; Bellamy, 1975; Silverstein
and Webster, 1998; Stuart, 2004). As seen in Table
2, CH3 symmetric stretching bands were appeared
at 2869 and 2900 cm™ in IR spectrum and at 2872,
2905 and 2932 cm in Raman spectrum and the
corresponding calculated scaled frequencies were
computed in the regions of 2921.5-2929.3 cm,
2900.6-2907.4 cm, 2883.8-2891.3 cm*, 2944.1-
2951.2 cm* with B3LYP, B3PW91, M06-2X and
CAM-B3LYP functionals using 6-311++G(d,p)
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basis set, respectively. Similarly, the asymmetric
CHjs stretching modes were observed at 2969 (IR)-
2968 (R) cm and computed in the region 2981.6-
2996.6 cm? for B3LYP, 2970.1-2983.8 cm for
B3PW91, 2956.4-2969.0 cm™? for MO06-2X and
3008.1-3022.1 cm for CAM-B3LYP. The other
vibrational modes (in-plane bending, out-of-plane
bending, rocking, scissoring and symmetric
bending) of the aromatic and methyl groups in the
title compound were summarized in Table 2.

Carbonyl (C=0) groups cause strong C=0
stretching absorption bands in the region of 1540-
1870 cm™ in IR and Raman spectra (Silverstein and
Webster, 1998). The peak at 1686 (IR)-1681 (R)
cmL, observed as a strong band in IR and Raman
spectra of the title compound, can be assigned to
C=0 stretching mode. This mode was calculated at
1665.6 cm* for B3LYP, 1669.1 cm™ for B3PW91,
1699.6 cm for M06-2X and 1709.6 cm™ for CAM-
B3LYP. The C4-0O12 stretching mode in phenolic
group of the title compound was obtained in mode
NO: ves, Ves and veg With B3LYP, mode no: ves, ver
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and veg With B3PW91, mode no: Ve, V70 and v71 with
MO06-2X and mode no: ves v7o and vy1 with CAM-
B3LYP. Likewise, the C11-014 stretching mode
was observed at 1057 cm™ in Raman spectrum and
itis calculated at 1044.1, 1041.7, 1043.0 and 1066.8
cm* with all mentioned computational levels (mode
no: vsg). Additionally, C16-0O14 stretching mode
was found at mode no: ves with B3LYP, mode no:
ve4 With B3PW91, mode no: ves with M06-2X level
and mode no: ves with CAM-B3LYP.

The C23-C26 and C3-C11 stretching modes were
observed at 1247 (IR)-1243 (R) cm™ (mode no:ve7)
and 1304 (IR)-1307 (R) cm? (mode no:vz),
respectively and they were computed at 1240.0 cm
! and 1313.0 cm? for B3LYP, 1236.6 cm™ and
1321.2 cm! for B3PW91, 1243.3 cm™ and 1304.2
cm?® for M06-2X level and 1267.7 cm™ and 1326.2
cm® for CAM-B3LYP. The vibrations in aromatic
groups and other groups of the title molecule were
summarized in Table 2.
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Exp. freq. (cm™)

B3LYP/6-311++G(d,p)

B3PW91/6-311++G(d,p)

MO06-2X/6-311++G(d,p)

CAM-B3LYP/6-

Mode  Assignments 311++G(d,p)
IR Raman _ Freq. lir Sraman Freq. lir Sraman Freq. lir Sraman Freq. lir Sraman
Vi Lattice mode - - 10.3 0.30 6.00 9.5 0.30 5.85 13.2 0.44 3.85 3.2 0.26 6.26
v Lattice mode - - 27.8 0.37 2.05 275 0.37 2.07 246 0.23 1.28 28.9 0.37 2.09
Vs Lattice mode - - 37.0 0.47 0.69 37.7 0.47 0.68 39.5 0.37 0.73 347 0.51 0.47
V4 Lattice mode - - 49.3 0.03 2.95 49.5 0.03 3.11 52.1 0.02 3.33 48.1 0.02 1.80
Vs Lattice mode - - 74.0 0.07 1.82 745 0.09 1.97 79.4 0.15 2.09 73.3 0.03 1.33
Ve 8C23C26C27,31.3576C16014C11 - - 1032 0.3 0.79 1020 012 0.75 1020  0.07 0.71 1045  0.18 0.81
vy 1ring1+1013C11CC, - - 1404 0.01 2.33 139.9  0.02 2.29 1378  0.01 2.81 1435  0.02 2.28
Vg 8014C11Cs+6C16014Cis - 160 156.2  0.81 3.59 1547  0.79 3.41 157.3  0.80 2.68 1575  0.73 3.24
Vo 8C21C23C5+3C23C26Cas+8C17C16014 - - 196.6  0.02 0.44 1931  0.02 0.47 1945  0.07 0.48 201.0  0.01 0.30
Vio 1CHs - 207 2141 0.02 0.87 2120  0.03 0.86 2035  0.10 0.32 2120  0.07 0.50
Vi1 1CHg+ringl - 225 239.0 0.32 1.04 237.3 027 1.05 2335 037 1.60 240.7  0.40 1.22
Viz 1CHgttring] - - 2429  0.29 0.87 2406 043 0.81 2425 059 0.61 2457  0.06 0.97
Vis 1CHs - 255 267.7  0.28 0.04 266.6  0.27 0.04 263.7  0.35 0.05 266.9  0.18 0.06
Vi TCH5+5C13C5C4 - 302 3042  7.20 0.09 301.8  7.56 0.29 2964  5.07 0.84 3071  6.13 0.36
Vis 8C,C26Ca1+1CH; - - 3064  1.07 0.88 3024  3.09 0.89 3051  5.19 0.51 3136  4.96 0.53
Vi 1CHs - 323 308.6  3.05 0.29 306.9  0.63 0.12 3234 012 0.04 3208  0.14 0.03
vi7 8C-CHs (sym. bendig) - 353 3424  1.67 0.87 3378  1.98 0.80 341.0 1.72 1.38 3465  1.32 0.90
Vig 8C7C26Ca5+8C31C6Cas - 370 358.8 352 0.32 351.2  3.60 0.31 3568  1.78 0.32 3615  4.37 0.28
Vig 8C17C16014+8C,CsCartring?2 - 396 3924 330 0.05 3874 374 0.04 386.2  7.37 0.11 3982  2.00 0.03
Vao ring2 - - 4096  0.09 0.72 4035  0.08 0.83 4034 015 0.42 4153  0.25 0.10
Va1 8043C11Catring2-+ring - 416 4205  3.67 1.59 416.4  4.70 1.27 4140  3.67 2.01 4254 414 1.59
Vo ring141013C11014C16+5C27C26Can - 428 4281 044 0.61 4229 020 0.65 4192 021 1.30 4345 058 0.32
Vas 8C7C6Carttring2-+tringl - 442 4341 153 1.87 4292 1.49 2.11 4310  1.89 1.34 4394  2.67 1.25
Vas 8C26C23Ca1+8014C16C17+6C2CosCa - - 4610  0.67 0.36 4550  0.61 0.32 4519  1.08 0.56 466.9  0.66 0.31
Vas 8012C4C4+8C-CHjs (sym. bending) 471 470 466.1 381 6.40 461.0 354 7.10 4582  3.48 475 4709  3.73 6.34
Vag 1ring1+yC501,CsCy - - 5204  8.36 0.18 5147 893 0.19 5143  8.03 0.19 5296  8.90 0.13
Var 8C-CHs (sym. bending)+3ring2+501,C,Cs 525 527 5248 1115 141 518.2 1252  1.06 519.1 1247 141 530.7 1210 141
Vog VC19C2CaCortyCrrC1s01Cret 536 538 5444 1688  2.08 537.8 1661  2.04 539.5 1281  4.86 5526 1731 223
THCCC in ring 2

Vag [tHCCC+tCCCClin ring 2+3ring1 554 562 552.8  1.08 7.59 5458  1.18 7.43 5447  6.57 411 5504  1.36 6.71
Vao dring2 630 633 630.8  0.68 5.55 621.1  0.57 5.54 6156  0.71 5.58 6375 021 5.61
Vay VCy3C o6 t8ring2-+8ring 1+803C1; Cs 654 657 643.9 1848  1.97 638.6 2107 1.34 6384 2195 118 652.7 2116  1.39
Vi [tHCCC+tCCCC] in ring 24+vC2Corz13s 684 685 6723  7.06 1658 6675 594 1621 6639 6347  1.02 683.2  6.14 14.74
Va3 Zﬁ;olm0140“”012C3C5C““HCCC M oe94 - 684.1  7.66 033 6783 1011 035 668.3 476 1851 6968  6.57 0.19
Vi ring2 723 724 7206  5.10 8.14 7144 273 7.58 677.2 4864 0.18 7275 10645 0.44
Vas THOCC - - 7282 109.89 0.81 7355  90.03  0.32 7164  1.88 4.98 7349  3.39 6.11
Vas ;gigié‘:é‘:l‘g IHFHOCCH0LCCCat 760 764 7434 4019 023 7443 4714 056 7401 6755 0.0 7579 5671 0.5
Vaz yC5013014Cy+tHOCC+HCCC inring 1 - - 7756 3.2 0.53 7737 1532 041 7700  1.10 0.57 7911 247 0.57
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151.29

1.09
54.01
8.84
9.50
113.65
4.16

5.65

3.68
25.57
0.70

4.00

26.83
0.05

9.71

7.43
6.14
0.35
0.32
0.09
0.27
0.01
0.41
1.39
1.24
32.23
5.08

24.22

0.14
2.01
11.32
54.20
8.94
28.09

51.38

0.44
73.73
6.17

4.87

14.45

0.85
105.19
0.13
0.44
60.55
0.84

0.30

784.6
790.5
798.8

818.5

837.5
838.9

862.0

893.5
902.2
912.3
921.3
932.4
934.9
951.1
986.3
993.9
999.1
1012.1
1041.7

1082.0

1083.9
1105.2
1128.2
1141.7
1173.9
1177.8

1183.8

1188.0
1234.3
1236.6

1267.4

1281.4

1294.4
1321.2
1330.1
1331.2
1361.2
1362.9

1378.7

15.84
12.70
3.59

0.57

0.48
1.65

22.59

1.82
1.03
0.22
0.71
0.93
0.02
0.08
21.81
11.18
0.23
10.20
118.31

24.67

10.04
27.58
57.31
94.54
2.95
3.02

553.82

43.08
252.80
156.79

0.31

263.69

8.25
121.60
11.02
12.46
8.20
115.01

5.23

5.83
18.93
1.41

5.35

24.66
0.97

10.98

6.01
4.87
0.21
0.62
0.07
0.32
0.01
0.48
1.40
1.27
30.16
471

19.45

1.27
4.25
7.49
26.05
8.44
8.85

80.25

8.33
65.37
25.92

1.89

3.26

2.50
133.55
0.11
0.69
1.96
50.06

0.35

787.0
800.7
807.4

820.0

838.4
852.3

865.2

897.2
905.8
910.6
930.9
946.0
948.6
964.7
983.4
992.6
999.6
1013.1
1043.0

1080.2

1084.8
1103.2
1118.1
1143.4
1173.9
1178.0

1181.3

1200.7
1225.9
1243.3

1259.9

1266.8

1279.4
1304.2
1326.4
1329.3
1335.1
1358.9

1381.2

11.23
22.32
2.27

2.53

0.26
3.01

23.44

1.54
1.23
0.33
0.70
0.05
1.41
0.11
16.63
8.10
0.03
10.07
82.70

9.02

29.11
19.10
97.45
43.34
297.26
1.04

2.60

296.73
301.05
51.74

2.56

177

331.44
160.86
12.08
13.67
194.76
5.12

6.40

2.92
19.84
0.46

6.12

19.45
0.03

12.35

6.04
4.80
0.14
0.81
0.12
0.10
0.01
0.52
1.46
1.34
31.82
4.60

0.63

17.39
9.14
6.21
13.32
4.68
8.09

8.63

51.35
62.25
16.04

7.90

0.78

5.32
118.65
0.10
0.58
71.83
0.71

0.64

801.7
811.2
822.0

836.3

856.3
866.9

887.2

913.8
924.8
935.9
954.8
967.0
967.9
989.0
1009.3
1016.3
1022.8
1031.8
1066.8

1102.1

1107.5
1126.8
1145.1
1165.1
1202.1
1205.6

1206.7

1213.3
1249.3
1267.7

1279.2

1298.0

1305.4
1326.2
1362.9
1363.8
1377.4
1392.6

1409.7

14.53
16.59
0.34

0.33

0.33
2.80

25.18

2.18
0.92
0.13
0.75
0.02
0.88
0.11
20.75
11.11
0.02
10.53
87.65

12.03

21.12
14.44
87.74
60.81
14.15
261.50

441

333.33
253.41
32.91

2.28

0.49

331.68
150.84
14.16
13.10
166.41
597

5.86

3.50
20.68
0.07

4.54

23.55
0.05

13.08

6.06
4.97
0.03
1.22
0.05
0.09
0.01
0.54
1.22
1.39
29.91
4.87

3.25

14.30
7.67
7.56
11.74
7.20
4.26

8.26

41.78
56.94
9.17

5.55

1.43

4.87
110.05
0.27
0.01
69.75
0.50

0.17
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V7 8:CHs - - 14348 0.03 0.62 14112  0.03 0.59 1408.2  0.05 1.35 1439.1  0.00 1.14
Vg [VCC+8HCC] in ring 1 - - 1439.4  41.32 52.68 1416.6  0.09 8.92 14109 0.08 7.54 14433 0.11 8.12
V79 3:CHs - - 14400 0.03 8.91 1419.4 150 9.31 1416.3 0.91 8.60 14476  0.99 8.51
Vo 3sCHs - 1445 14425 1.28 8.86 1433.1 35.86 54.06 14304 12.57 6.92 14615 12.00 7.34
Va1 8sCHj - - 1455.2  12.60 6.97 14333 9.28 9.42 14342 23.45 40.21 14634 35.86 43.19
Va2 3:CHs 1463 1462 1460.0 8.56 7.81 1437.7  8.97 8.01 14357  9.04 6.98 14655 9.04 8.16
Va3 [vCC+8HCC] in ring 1+8HOC - - 1465.6  79.18 1.28 14498 6.05 3.32 1448.1  6.47 341 14771 8.38 2.36
Vg4 8sCHj 1483 - 14712 6.34 2,77 14554 10358 2.19 14543 110.08 14.58 1485.7  95.08 4.44
Ves [vCC+38HCC] in ring 2 1510 1510 1489.2  93.29 0.68 14776  98.82 0.63 1482.6 11480 0.82 15125 10395 0.53
Vas [vCC+8HCC] in ring 1+8HOC - - 1563.4  62.99 27.98 1562.0 68.53 30.67 1568.2 68.31 38.55 15985 66.54 33.49
Va7 [vCC+8HCC] in ring 2 1585 1586 15716 248 4.97 1570.3  2.66 451 1581.2 3.01 4.37 1609.8 2.57 5.28
Vas [vCC+3HCC] in ring 2 and 1 1602 1601 1588.8  19.00 78.86 1587.9 23.43 81.79 1601.1  37.02 95.56 1628.1 32.24 66.66
Vg [vCC+3HCC] in ring 1 and 2+6HOC 1616 1615 1599.2 39.91 10.30 1597.5  40.08 7.27 16075 32.73 7.40 1636.3  33.60 8.00
Voo vO=C+3HOC+vCC in ring 1 1689 1681 1665.6 330.03 181.26 1669.1 32752 176.99 1699.6 34285 173.19  1709.6 360.72 147.66
Vo1 vsCHj3 2869 2872 29215 27.29 10.92 29006 26.77 9.91 2883.8 20.55 28.88 29441 23.25 9.06
Vo2 vsCHs 2900 2905 29220 26.85 7.97 2901.7 26.32 8.75 2886.1 22.75 46.36 29444 2262 7.55
Va3 vsCHs - 2932 2929.3 28.73 516.33 29074 27.82 521.18 2891.3 14.90 400.26 29512 22.20 476.11
Vos vasCH3 - - 29816 342 17.61 29701 3.23 17.67 2956.4 2.30 18.56 3008.1 4.03 15.86
Vo5 VasCH3 - - 29824 323 1561 29711 2.77 13.33 2958.0 5.41 22.55 3009.1 6.47 25.63
Vg VasCH3 2969 2968 2988.3 21.24 3299 29753 19.56 35.69 29613 17.44 42.95 30146 15.11 24.57
Vo7 vasCH3 - - 2989.8 100.46 261.47 29769 95.06 259.11 29622 46.54 14592  3016.6 85.05 222.48
Vg VasCH3 - - 29941  20.12 40.99 29809 2248 43.79 2964.4  20.66 45.96 3019.7 21.04 43.46
Vag vasCH3 - - 2996.6  42.93 64.94 29838 3221 55.00 2969.0 38.28 109.35  3022.1 34.94 57.85
V100 vCH in ring 1 3023 - 30654 5.36 88.24 30452 5.27 86.90 3029.7 3.76 90.44 3086.2 4.57 84.02
Viot vCH in ring 2 - 3068 30729 1154 4146 30503 11.59 45.26 3031.2 5.66 36.53 3091.0 9.90 40.41
Vi vCH in ring 1 3073 - 30839 9.10 120.46 30634 5091 52.51 30450 229 106.94 31031 4.23 59.57
V103 vCH in ring 2 - - 3084.1 551 60.39 30639 6.95 11433 30499 2.99 102.02 31050 6.22 107.65
Vioa vCH in ring 2 - - 3089.3 6.67 109.03 3068.7 5.10 101.70  3051.1 2.56 48.41 3109.1 3.99 102.89
V105 vCH in ring 1 - - 3092.3  6.30 181.09 30725 5.00 155.10 3063.8 0.81 36.63 31134 341 150.82
V106 vCH in ring 2 - - 31024 442 121.66 3079.0 3.67 131.79 3065.6 1.25 11294 31221 2.86 118.64
Vio7 vCH in ring 1 - - 31043 3.76 140.17 3081.7 4.32 164.32 3066.4 2.00 229.27 31236 3.14 149.11
Vios vOH 3207 3208 3353.0 416.37 14180 32869 464.78 146.35 3424.6 393.18 133.08  3401.3 440.23 127.81
0.99916 for IR 0.99951 for IR
The linear correlation coefficients (R?) wavenumbers and 0.99930 wavenumbers and 0.99961 0.99916 for IR wavenumbers 0.99909 for IR wavenumbers

for Raman ones for Raman ones and 0.99836 for Raman ones  and 0.99927 for Raman ones

v, stretching; 8, in-plane bending; t, torsion; v, out-of-plane bending; &, scissoring; &, Symmetric bending; p, rocking; lig, IR intensity (km/mol); Sgraman, Raman scattering activity.
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3.3. NMR chemical shift analyses

The experimental (AIST, 2017) *H and *C NMR
chemical shifts of the title molecule were measured
in chloroform-d solvent. The H and 3C NMR
chemical shifts of the title molecule were calculated
at B3LYP, B3PW91, M06-2X and CAM-B3LYP/6-

311++G(d,p) levels in vacuum and chloroform
solvent with IEFPCM solvent model using GIAO
method. The experimental and calculated NMR
chemical shift values were listed in Table 3. The
linear correlation coeffections (R?) between the
experimental and calculated proton and carbon-13
NMR chemical shifts were also given in Table 3.

Table 3. The experimental (AIST, 2017) and calculated *3C and *H NMR isotropic chemical shifts (with respect
to TMS, all values in ppm) of p-tert-butylphenyl salicylate.

B3LYP B3PW91 M06-2X CAM-B3LYP
Atoms Sexp.
vacuum chloroform vacuum chloroform vacuum chloroform vacuum chloroform

C1 119.43 123.39 124.87 122.29 123.78 138.19 139.85 124.79 126.31
Cc2 130.37 137.24 138.05 136.07 136.92 151.95 152.83 140.35 141.19
C3 111.98 117.47 117.92 115.55 116.01 129.58 129.95 118.03 118.53
C4 162.26 173.10 172.85 170.74 170.52 185.29 184.95 175.15 174.84
C5 117.84 123.93 124.17 122.99 123.27 138.87 139.13 125.79 125.99
C6 136.39 142.52 144.06 141.59 143.15 158.39 160.09 145.85 147.38
Cl1 169.14 177.01 178.17 174.90 176.01 183.64 184.69 179.34 180.55
Cl6 147.81 157.49 157.34 155.15 155.04 168.31 168.26 158.63 158.47
Cc17 120.98 127.19 127.55 126.25 126.69 140.88 141.51 130.22 130.55
C18 120.98 128.87 128.88 127.91 127.97 144.21 144.15 131.16 131.27
C19 126.53 134.86 135.97 133.86 134.99 150.4 151.64 137.22 138.30
c21 126.53 131.03 131.94 130.16 131.08 145.95 146.79 133.58 134.51
C23 149.30 157.46 159.19 155.15 156.92 173.74 175.63 159.62 161.36
C26 34.55 42.28 42.94 39.73 40.42 41.35 42.01 38.96 39.61
Cc27 31.41 34.56 34.67 34.03 34.16 35.72 35.79 34.41 34.51
C31 3141 34.78 34.85 34.22 34.30 36.17 36.19 34.39 34.45
C35 3141 30.22 30.39 29.69 29.87 3351 33.61 30.52 30.70
R? 0.99824 0.99840 0.99875 0.99888 0.99564 0.99534 0.99894 0.99907
H7 6.96 6.97 7.15 6.99 7.19 7.72 7.91 7.03 7.21
H8 8.07 8.35 8.44 8.38 8.49 9.07 9.16 8.51 8.60
H9 7.03 7.18 7.26 7.20 7.29 7.93 8.00 7.30 7.37
H10 7.52 7.61 7.80 7.64 7.84 8.16 8.34 7.73 7.91
H15 10.56 10.95 10.90 11.34 11.31 10.92 10.88 10.96 10.91
H20 7.13 7.32 7.43 7.36 7.49 7.97 8.09 7.42 7.52
H22 7.13 7.24 7.32 7.28 7.38 8.09 8.15 7.36 7.45
H24 7.46 7.61 7.75 7.68 7.84 8.34 8.49 7.79 7.93
H25 7.76 7.61 7.73 7.68 7.82 8.38 8.49 7.65 7.77
H28 1.34 1.62 1.65 1.63 1.68 1.63 1.66 1.66 1.68
H29 1.34 1.30 1.35 1.30 1.36 1.30 1.35 117 1.21
H30 1.34 121 1.18 1.22 1.20 1.24 1.19 1.29 1.24
H32 1.34 1.16 1.14 117 1.16 1.07 1.03 117 1.13
H33 1.34 1.32 1.36 1.29 1.35 1.34 1.39 1.29 1.33
H34 1.34 1.60 1.63 1.62 1.67 1.50 1.52 1.59 1.61
H36 1.34 1.61 1.63 1.62 1.66 151 153 1.55 157
H37 1.34 1.64 1.65 1.67 1.69 1.54 1.55 1.59 1.59
H38 1.34 1.09 1.14 1.10 1.16 1.40 1.45 1.15 1.19
R? 0.99721 0.99748 0.99622 0.99699 0.99587 0.99449 0.99732 0.99736

13C NMR chemical shifts were recorded in the
interval of 31.41-169.14 ppm and they were
computed in the region of 30.22-178.17 ppm for
B3LYP, 29.69-176.01 ppm for B3PW91, 33.51-
184.69 ppm for M06-2X and 30.52-180.55 ppm for
CAM-B3LYP. Carbonyl carbons in esters,
carboxylic acids, amides, ketones, phenols and
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aldehydes have characteristic chemical shift signals
at the interval of 160-220 ppm, as the highly
electronegative O atom reduces the electron density
of carbon atom. But, the aromatic carbons occur
signals in the region of 100-150 ppm (Anderson et
al., 2004; Wade, 2006; Pavia et al., 2009). The
NMR chemical shift signals for the C4 phenolic
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carbon atom and C11 ester atom were recorded at
162.26 ppm and 169.14 ppm, respectively. The
computed values for these carbon atoms are
173.10/172.85 ppm and 177.01/178.17 ppm for
B3LYP, 170.74/170.52 ppm and 174.90/176.01
ppm for B3PW91, 185.29/184.95 ppm and
183.64/184.69 ppm for M06-2X and 175.15/174.84
ppm and 179.34/180.55 ppm for CAM-B3LYP,
respectively. As expected, the other aromatic
carbons were recorded in the region of 111.98-
149.30 ppm, while they were calculated at the
interval of 117.47-159.19 ppm, 115.55-156.92 ppm,
129.58-175.63 ppm and 118.03-161.36 ppm for
aforementioned computation levels, respectively.
Methyl and methylene carbon atoms are shielded by
their own hydrogen atoms. Therefore, *C NMR
resonance signals of these groups occur within the
region of 15-35 ppm (Silverstein and Webster,
1998; Anderson et al., 2004; Stuart, 2004; Wade,
2006). The signals recorded at 31.41 ppm and 34.55
ppm in the Carbon-13 NMR isotropic chemical shift
spectrum of the title molecule indicated presence of
methyl groups (C26, C27, C31 and C35). The
computed values corresponding to these carbon
atoms were given in Table 3.

Due to intramolecular hydrogen bonding, phenolic
protons shift to the approximate range of 6 10-12
ppm (Silverstein and Webster, 1998). The NMR
chemical shift value for the phenolic H15 proton is
observed at 10.56 ppm, while the computed values
for this proton are between 10.90 ppm and 11.34
ppm in all mentioned computational levels.
Aromatic hydrogens are deshielded at a higher level
than those attached to double bonds due to the large
anisotropic field that is generated by the circulation
of the m electrons in the ring and they are easily
identified in the region of 6.5-9.0 ppm (Pavia et al.,
2009). The aromatic protons (H7, H8, H9 and H10)
were experimentally recorded at the interval of
6.96-8.07 ppm, while they were theoretically
computed at the regions of 6.97-8.44 ppm for
B3LYP, 6.99-8.49 ppm for B3PW91, 7.72-9.16
ppm for M06-2X and 7.03-8.60 ppm for CAM-
B3LYP. The methyl hydrogen atoms, shielded at
the highest level, have chemical shift signals in the
region of 0.7-1.3 ppm (Pavia et al., 2009). The
methyl protons in the title molecule were
experimentally and theoretically obtained at 1.34
ppm and at the interval of 1.09-1.68 ppm with the
mentioned computational levels, respectively.
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3.4. Frontier molecular orbitals analyses

The highest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital
(LUMO) are the main orbitals taking part in a
chemical reaction (Fukui, 1982). The HOMO is the
outermost orbital filled by electrons. It is
represented by the ionization potential of a
molecule. It can be considered as a valance band
since it behaves as an electron donor. The LUMO
represents the first empty innermost orbital unfilled
by electrons. It is directly related to the electron
affinity. Behaving as an electron acceptor, it can be
thought as the conductance band of the system. The
HOMO-LUMO energy band gap is an indication of
molecular chemical stability. It is a very important
parameter for determination of molecular electrical
properties. Furthermore, the quantum molecular
descriptors such as ionization potential, electron
affinity, chemical reactivity, Kinetic stability,
polarizability, chemical hardness and softness,
aromaticity and electronegativity can be found
using HOMO-LUMO energy band gap (Alpaslan et
al., 2015). HOMO and LUMO energy values and
HOMO-LUMO band gap values, computed with
the B3LYP, B3PW91, MO06-2X and CAM-
B3LYP/6-311++G(d,p) levels, were summarized in
Table 4. Additionally, the ionization potential,
chemical potential, electron affinity,
electronegativity chemical hardness, softness and
electrophilicity index parameters, found using the
computed HOMO and LUMO energy values, were
summarized in Table 4 (Alpaslan et al., 2015).
HOMO and LUMO surfaces were given in Figure
4. As seen from Figure 4, both HOMO and LUMO
plots simulated with all four-computational level
were localized on salicylate group of p-tert-
butylphenyl salicylate molecule.
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Table 4. The calculated molecular electronic properties of p-tert-butylphenyl salicylate (vacuum/ethanol).

Parameters (eV)

B3LYP

B3PW9I1

MO06-2X

CAM-B3LYP

ELumo
Enomo

-1.8090/-1.9421
-6.5686/-6.7218

-1.8117/-1.9638
-6.5914/-6.7658

-0.8177/-0.9557
-7.9003/-8.0584

-0.5021/-0.6416
-7.9572/-8.1275

Energy band gap |Exomo-ELumol| 4.7595/4.7797 4.7797/4.8020 7.0826/7.1027 7.4551/7.4859
lonization potential (I = —Enomo) 6.5686/6.7218 6.5914/6.7658 7.9003/8.0584 7.9572/8.1275
Electron affinity (A = —ELumo) 1.8090/1.9421 1.8117/1.9638 0.8177/0.9557 0.5021/0.6416
Chemical hardness (7 = (1-A)/2) 2.3798/2.3898 2.3898/2.4010 3.5413/3.5514 3.7276/3.7429
Chemical softness ({'=1/27) 0.2101/0.2092 0.2092/0.2082 0.1412/0.1408 0.1341/0.1336
Electronegativity (y = (1+A)/2) 4.1888/4.3319 4.2016/4.3648 4.3590/4.5070 4.2296/4.3846
Chemical potential (u = -(1+A)/2) -4.1888/-4.3319 -4.2016/-4.3648 -4.3590/-4.5070 -4.2296/-4.3846
Electrophilicity index (@ = u?/2n) 3.6865/3.9261 3.6934/3.9675 2.6828/2.8599 2.3996/2.5681

HOMO LUMO Where q; is the donor orbital occupancy, & and g

" ° 5 D are diagonal elements (orbital energies), and Fj is

1 S % o @ the off-diagonal NBO Fock matrix element. Table 5
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Figure 4. The HOMO and LUMO plots of p-tert-
butylphenyl salicylate (1= B3LYP, 2= B3PW91, 3=
MO06-2X and 4= CAM-B3LYP).

3.5. NBO analysis

NBO analysis is a powerful method to determine
intra-molecular and inter-molecular bonding
interactions, bond species, bond structures and
hyperconjugation  interactions in  molecular
systems. The stabilization energy, E(2), depends on
the interaction between Lewis type (bonding or lone
pair) filled orbitals and non-Lewis type
(antibonding or Rydberg) vacancy orbitals. For
each donor NBO (i) and acceptor NBO (j), the
stabilization energy E(2) associated with the
electron delocalization between stabilization energy
E(2) associated with the electron delocalization
between the donor and the acceptor is estimated as
(Wienhold and Landis, 2005);

Fi i|F|j
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AR
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theory analysis of the Fock Matrix computed with
B3LYP, B3PW91, M06-2X and CAM-B3LYP/6-
311++G(d,p) levels for the intra-molecular O-H--O
interaction in the title molecule. According to the
computed NBO results, the n(013)—c*(012-H15)
charge transfer for the intramolecular hydrogen
bonding in the title molecule belongs to the
stabilization energy of 17.24 kcal mol for B3LYP,
19.69 kcal mol* for B3PW91, 14.85 kcal mol™* for
MO06-2X and 19.92 kcal mol* for CAM-B3LYP.
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Table 5. The calculated results with second order perturbation theory of Fock matrix in NBO of p-tert-

butylphenyl salicylate.

Method ED(i)e)  Donor (i) ED()e)  Acceptor (j) (Elfczgl mol (Ea(.‘&)E(') (F;.'I'JJ'))
SaLyp 197154 n(0L3) 004433 o*(012-HI5)  3.17 113 0.054
183711  n(O13) 004433  o*(012-H15)  14.07 0.71 0.092
Samwol 197112 n(013) 0.04914  o*(012-H15) 363 113 0.057
183281  n(013) 004914  o*(012-H15)  16.06 0.72 0.099
062 197339 n(013) 0.03336  o*(012-H15)  3.14 131 0.057
185046  n(O13) 003336  o*(012-H15) 1171 0.87 0.093
197088 n(O13) 0.04277  o*(012-H15) 3.2 127 0.063
CAM-B3LYP 1 5407 n(013) 004277  o*(012-H15)  16.00 0.85 0.107

ED is the electron density.

2 E(2) is the energy of hyperconjugative interactions.

b Energy difference between donor (i) and acceptor (j) NBO.
¢ F(i,j) is the Fock matrix element between i and j NBO.

3.6. NLO analysis

Organic, inorganic and organometallic nonlinear
optical (NLO) materials have drawn much interest
in the fields of physics, chemistry and engineering,
due to their potential for future applications in the
fields of optoelectronics and microelectronics, such
as optical telecommunications, signal processing,
optical interconnections, optical computing, optical
information processing, sensor protection, optical
switching, dynamic image processing and various
other photonic technologies (Nalwa and Miyata,
1997). Mean polarizability (aiw), anisotropy of
polarizability (A«) and first hyperpolarizability (5o)
values are important factors to determine NLO

properties of molecular systems. Therefore, recent
syntheses and investigations of novel nonlinear
optic materials with high performance have created
an interesting study area.

Dipole moments, polarizabilities and the first
hyperpolarizabilities of the title molecule were
computed with B3LYP, B3PW91, M06-2X and
CAM-B3LYP functionals at the 6-311++G(d,p)
basis set by using the finite-field approach and they
were summarized in Table 6. Total dipole moment
(ttotar), Mean polarizability (owotar), @anisotropy of the
polarizability (Aa) and the first hyperpolarizability

Table 6. The computed dipole moments, polarizability and first hyperpolarizability values of p-tert-

butylphenyl salicylate.

Parameters B3LYP B3PW91 M06-2X CAM-B3LYP
0Oixx 45.857057 45.473318 43,918975 43.590784
axy -1.468724 -1.447369 -1,205952 -1.491938
Oxz 0.449402 0.475443 0.498052 0.270501
ayy 27.495369 27.189745 27.844298 26.498934
oyz 0.469464 0.481560 0.619328 0.309205
oz 23.023234 22.626691 21.211417 22.961580
Ototal 32.125220 31.763251 30.991563 31.017099
da 21.142517 21.123398 20.378165 19.294768
x -1.4442 -1.4885 -1.4025 -1.5652
Ly -1.6647 -1.6355 -2.0823 -1.7500
Hz 0.7754 0.7834 0.4717 0.6313
Litotal 2.3363 2.3461 2.5545 2.4312
Prxx -55.968084 -52.625296 -46.395861 -57.108908
Bryy 4.261637 4.600238 3,859765 5.394967
Pz -2.829172 2.527659 1,929119 3.227416
Dyyy -17.457290 -16.207580 -16.276324 -16.228853
Pyxx 14.480956 14.150298 15.123341 12.616432
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Py -6.695821 -6.313197
Pz 3.084199 2.925735
B -2.916310 -2.832231
Payy 1.153410 1.220107
Bo 55.402438 46.279626

-5,074227 -6.136804
4,045505 1.341176
-3,601204 -1.264909
0.722601 1.530175
41.098253 49.463611

%1024 for o in esu, x103 for B in esu, u in Debye, 1 a.u.= 0.1482x10?* for a in esu and 1 a.u.= 8.6393x10-3 for 4 in esu

(o) magnitudes were computed using the following
equations (Temel et al., 2015);

1
Qtotal = g(axx +ay, + ;)

y 1 (axx_ayy)2+(ayy_azz)2+(azz_axx)2
o=—
V2| +6a,’ +60sz2 +6ay22

1
| B+ By +Biaz)® + By + Byaa + Byo)? |?

2
+(ﬂZZZ+ﬂZXX+ﬂZyy)
1
Hhotar = (1% + 115 + 113)?

The calculated dipole moment (uwtar) Values for the
title molecule were found as 2.3363 Debye for
B3LYP, 2.3461 Debye for B3PW91, 2.5545 Debye
for M06-2X and 2.4312 Debye for CAM-B3LYP.
The awora, Aa and fo values were computed as
32.125220%x107%, 21.142517x107% and
55.402438x107% esu for B3LYP, 31.763251x107%,
21.123398x10%* and 46.279626x10% esu for
B3PWO1, 30.991563x1024, 20.378165x10%* and

41.098253%x10°%  esu  for MO06-2X and
31.017099%x10%4, 19.294768%10% and
49.463611x10°%  esu  for CAM-B3LYP,

respectively. Urea that is the most common organic
NLO material can be usually compared with those
of other organic compounds. By using B3LYP/6-
311++G(d,p) level, computed values for urea are
5.047959%1072* esu for aotar, 2.036631x10724 esu for
Ao and 7.878196x103esu for fo. The atoral, Aa and
Po values calculated with B3LYP/6-311++G(d,p)
level of the title compound are approximately
6.364, 10.381 and 7.324 times greater than those of
urea, respectively.

3.7. Thermodynamic properties

The thermodynamic parameters were calculated
using B3LYP, B3PW91 and CAM-B3LYP
methods with the 6-311++G(d,p) basis set at the
room temperature of 298.15 K, under 1 atm pressure
and in vacuum for the title molecule. The computed

N
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thermodynamic parameters were given in Table 7.
The partition function, indicating the statical
properties of a system in thermodynamic
equilibrium is very important for thermodynamic
parameters. There are four types of partition
functions, namely, translational, electronic,
vibrational and rotational partition functions.
Partition functions can be used to compute the
thermodynamic variables (such as heat capacity,
entropy, equilibrium constants, total energy, free
energy, pressure, thermal energy and rate constants,
etc.) of a system. As known, the total energy of any
molecular system is the sum of electronic,
vibrational, rotational and translation energies (or E
= Ee + Ey + Er + Ei). The computed total energy
values for the title molecule were obtained as -
884.59282006 Hartrees for B3LYP, -884.24252309
Hartrees for B3PW91, -884.22227194 Hartrees for
MO06-2X and -884.13686115 Hartrees for CAM-
B3LYP. The computed zero-point vibrational
energy (ZPVE) values for all four levels were found
as 195.37107, 195.84427, 197.44399 and
197.70185 kcal/mol, respectively. As seen from
Table 7, the computed thermal energy (E), heat
capacity (Cy) and entropy (S) values for B3LYP,
B3PW9, M06-2X and  CAM-B3LYP/6-
311++G(d,p) levels are 206.790, 207.257, 208.763
and 207.407 cal/molxK, 71.656, 71.566, 71.003 and
68.641 cal/molxK and 141.872, 141.859, 140.605
and 133.286 cal/molxK, respectively. The major
contributions to these values were from vibrational
energies, whereas the minor contributions resulted
from electronic, transitional and rotational energies.
The computed rotational temperatures (Kelvin),
rotational  constants  (GHz) and  other
thermodynamic parameters for the title molecule
were listed in Table 7.
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Table 7. The computed thermodynamic parameters (at the temperature of 298.15 K, under the pressure of 1

atm and in vacuum) of p-tert-butylphenyl salicylate.

Parameters B3LYP B3PW91 MO06-2X CAM-B3LYP
Thermal energy, E (cal/mol K)

Electronic 0.000 0.000 0.000 0.000

Translational 0.889 0.889 0.889 0.889

Rotational 0.889 0.889 0.889 0.889

Vibrational 205.013 205.479 206.986 206.630

Total 206.790 207.257 208.763 207.407
Heatcapacity, Cv (cal/mol K)

Electronic 0.000 0.000 0.000 0.000

Translational 2.981 2.981 2.981 2.981

Rotational 2.981 2.981 2.981 2.981

Vibrational 65.694 65.604 65.041 62.679

Total 71.656 71.566 71.003 68.641
Entropy, S (cal/mol K)

Electronic 0.000 0.000 0.000 0.000

Translational 42.680 42.680 42.680 42.680

Rotational 34.185 34.164 34.166 34.152

Vibrational 65.007 65.014 63.759 56.454

Total 141.872 141.859 140.605 133.286
Rotational temperatures (Kelvin)

A 0.05548 0.05580 0.05576 0.05598

B 0.00599 0.00604 0.00607 0.00606

C 0.00575 0.00579 0.00576 0.00583
Rotational constants (GHz)

A 1.15611 1.16276 1.16182 1.16650

B 0.12490 0.12586 0.12649 0.12622

C 0.11978 0.12065 0.11996 0.12143
Zero-point vibrational energy (kcal/mol) 195.37107 195.84427 197.44399 197.70185
Zero-point correction* 0.311344 0.312098 0.314647 0.315058
Thermal correction to Energy™ 0.329541 0.330285 0.332685 0.332118
Thermal correction to Enthalpy* 0.330485 0.331229 0.333629 0.333063
Thermal correction to Gibbs Free Energy* 0.263077 0.263827 0.266824 0.269734
Sum of electronic and zero-point energy* -884.281476 -883.930425 -883.907625 -883.821803
Sum of electronic and thermal Energies* -884.263279 -883.912238 -883.889587 -883.804743
Sum of electronic and thermal Enthalpies* -884.262335 -883.911294 -883.888643 -883.803799
Sum of electronic and thermal Free Energies* -884.329743 -883.978696 -883.955448 -883.867127
Total energy (Hartree) -884.59282006  -884.24252309 -884.22227194 884.13686115

*in Hartree/particle

4, Conclusions

The molecular geometric, spectroscopic (FT-IR,
Raman and NMR), HOMO-LUMO, NBO, NLO
and thermodynamic analyses for p-tert-butylphenyl
salicylate molecule were investigated using
experimental and theoretical methods. In order to
support the experimental spectroscopic data,
theoretical computations were performed using
B3LYP, B3PW91, MO06-2X and CAM-B3LYP
methods with the 6-311++G(d,p) basis set. The
computed total molecular energy was obtained in
the following order: B3LYP<B3PW91<MO06-
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2X<CAM-B3LYP. As seen from the tables and
figures, the computed structural, spectroscopic,
electronic, nonlinear optical and thermodynamic
properties varied depending on the calculation
levels. In the present study, due to O-H-O
intramolecular hydrogen bonding interaction in title
compound, O-H vibrational frequencies, *H NMR
isotropic chemical shifts for mentioned proton, and
NBO analysis of n(0O)—oc*(O-H) interaction were
investigated using experimental and theoretical
methods. The calculated oo, Aa and fo values
show that p-tert-butylphenyl salicylate molecule
may be a good nonlinear optical material. The
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thermodynamic parameters were computed to
understand the thermochemical properties (at the
room temperature of 298.15 K, under 1 atm pressure
and in vacuum) of the title compound.
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Abstract: Detailed infrared spectrum in gas phase, NMR spectra analyses and theoretical studies of 2-amino-
3-methylbenzoic acid were performed with DFT/B3LYP/6-311G+(2d,p) level of method in Gaussian 09W.
Ground state molecular geometries of monomeric and dimeric structures were calculated in vacuum and
compared to the experimental XRD results. Potential energy surface graphics of the proton transfer and
torsional tautomerism process were obtained. Also, HOMA aromaticity chancing graphics were drowned in
mentioned process. The IR band assignments and the decompositions of potential energy for each band were
done using theoretical calculations. *H and **C NMR chemical shifts analyses were performed by using GIAO
NMR calculations with SCRF solvent model.

Keywords: Anthranilic acid, FT-IR, NMR, DFT, HOMA analysis

1. Introduction complex which is obtained from the reaction of the
cis ReO;* core with 2-amino-3-methylbenzoic acid
Anthranilic or aminobenzoic acid and its (Gerber etal., 2003). Dong et al. prepared biological
derivatives are used as a starting material for active compounds by using 2-amino-3-
biological and chemical active material synthesis. methylbenzoic acid (Dong et al., 2009).
Gichner et al. showed that the antimutagenic
capacities of 2-, 3-, 4-aminobenzoic compounds Spectroscopic characterization with supported
depend on the location of amino group (Gichner et computational studies of organic compounds attract
al., 1994). Detailed vibrational spectrum analysis attention of researchers. Computational studies help
and molecular characterizations with theoretical us to better understand electronic properties of
calculations of mentioned compounds were done by compounds, such as HOMO-LUMO (Oztiirk and
Samsonowicz et al. (Samsonowicz et al., 2005). Gokege, 2017), NLO (Eryilmaz et al., 2016),
Syahrani et al. reported that the biotransformation tautomeric equilibrium (Yildirim et al., 2016) and
and structure elucidation of some aminobenzoic prototropy (Albayrak Kastas et al., 2017). As a part
acid compound in suspension cultures of S. of our ongoing studies about the derivatives of
mammosum (Syahrani et al., 1999). The effect of p- aminobenzoic acid (Yildirim et al., 2015), we report
aminobenzoic acid on the uptake of thymidine and spectroscopic and theoretical studies of 2-amino-3-
uracil by Escherichia coli was published by methylbenzoic acid. To our knowledge, there is no
Richards and Xing (Richards and Xing, 1995). X study about its spectroscopic and computational
Ray crystal structure of title compound was characterization.
published by Brown et al. (Brown and Marsh,
1963). Newman et al. obtained 3 Methylbenzyne 2. Material and Method
from the reaction of 2-amino-3-methylbenzoic acid
with  2-hydroxyiminoacet-o-toluidide (Newman Initial geometry for optimization was directly taken
and Kannan, 1976). Gerber et al. published from X-RD results (Brown and Marsh, 1963). All
synthesis and crystal structure a Rhenium(V) metal the calculations were performed on Gaussian 09W
'Giresun University, Dereli Vocational School, 28950, Giresun, Citation: Yildirim, M. H. (2018). Infrared and NMR Spectral Analyses
Turkey and Computational Studies of 2-amino-3-methylbenzoic Acid. Bilge
*Corresponding author: hakki.yildirim@giresun.edu.tr International Journal of Science and Technology Research, 2 (1):74-82.
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(Frisch et al., 2009) software with DFT theory. In
the calculations, B3LYP hybrid functional (Becke,
1993) with 6-311G+(2d,p) basis set was used. For
NMR calculations, GIAO method (Wolinski et al.,
1990) was selected and solvent modelled with
SCRF theory (Cossi et al., 2003; Tomasi et al.,
2005). Because of title compound was found a
dimeric structure in crystal phase, we performed the
geometry optimizations for monomeric and dimeric
structures.

3. Results and Discussions
3.1. Molecular structure
Optimized molecular structure with atom labeled

scheme was given in Figure 1 and intra-molecular
hydrogen bonds were presented with dashed lines.

Figure 1. Optimized dimeric structure

To measure our computational level accuracy,
experimental XRD and calculated bond lengths and
angles were compared and a summary given in
Table 1. Root mean square error values given in
table were calculated for all bond lengths and
angles.

As seen in Table 1, a good correlation can be found
in between both monomeric and dimeric structure
with the experimental one. The biggest differences
between the experimental and calculated structure
were occurred at atoms involved in a hydrogen
bond. In the amino group, N-H bond lengths are
found 0.88A-0.91A for x-ray while 1.01A-1.00A
for calculated structure. Similarly, C7-019-H17
bond angle was found 105.8° for monomeric
structure while 110.2° for dimeric structure. In the
inter-molecular hydrogen bond, hydrogen acceptor
distance was 1.73A for XRD while 1.66A for
dimeric structure. To make an overall comparison,
the Root Mean Square Errors (RMSE) were given
in Table 1. In the bond length, RMSE was 0.014 A
for both monomer and dimer structures, nearly
equal to XRD deviation limit. 0.3° values were
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founded for angles showed that perfect match
between the XRD and simulated structure, the
exception of the C-O-H bond angle. Consequently,
calculations of molecular structure are very
successful when considering experimental values
are taken in crystal structure while calculated values
are taken in vacuum media

Table 1. A comparison table of geometric bond
parameters of 2-amino-3-methylbenzoic acid

Bond Lengths (&) Exp.* Monomer Dimer
C7-020 1.24 1.22 1.24
C7-019 1.32 1.36 1.32
019-H17 0.93 0.97 1.00
C2-N18 1.37 1.37 1.37
N18-H13 0.88 1.01 1.01
N18-H12 0.91 1.00 1.00
H17-040 1.73 - 1.66
H13---020 2.05 191 191
019---040 2.65 - 2.66
RMSE** 0.014 0.014
Bond Angles (°)

C7-019-H17 108.1 105.8 110.2
C1-C7-019 114.7 114.0 115.1
C1-C7-020 1245 126.2 123.7
019-C7-020 120.8 119.8 121.2
C7-C1-C2 1215 120.4 1215
019-H17---040 170.0 176.7
N18-H13---020 131.0 130.9 130.3
RMSE** 0.30 0.28
Dihedral Angles(°)

020-C7-019-H17 1.3 0.0 0.0
C1-C7-019-H17 -179.1 179.7 179.6
C3-C2-N18-H12 -7.2 -15.8 -16.4
020-C7-C1-C6 176.9 178.3 178.1
019-C7-C1-C2 177.9 179.4 179.2
RMSE** 0.37 0.39

*(Brown and Marsh, 1963), **Calculated for the all
parameters

There is well-known fact that, 2-aminobenzoic acid
derivatives show two type transformations which
are the proton exchange in dimers (Monte and
Hillesheim, 2001) and the rotation of carboxyl acid
group (Fleisher et al., 2011). To find energy gap
values between these transformations, relaxed
potential energy surface scan calculations were
performed. In dimeric structure, O19-H17---040
pathway selected as a redundant coordinate for a
relaxed scan calculation and proton was migrated of
0.05 A step size.

Relative energies were calculated with respect to
minimum energy and obtained potential energy
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graphic was presented in Figure 2. Total energy of
the dimer increased after the proton transfer process
because of chancing structure of N-H:--O intra-
molecular hydrogen bond. Potential energy barrier
for this transformation was found as 7.00 kcal/mol.
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Figure 2. A relative energy graph for the proton
transfer

Aromaticity indices were used to better understand
the movement of m electrons in the ring. Bond
parameter based aromaticity criteria was introduced
by Kruszewski and Krygowski as HOMA
(Harmonic Oscillator Model of Aromaticity).
HOMA index of a ring is calculated by using the
following equation:

HOMA =1-23"% a;(R; — Ryope)” (1)
where n is the number of bonds in the ring, ai is a
normalization constant, R; is the bond length and
Riopt Optimized bond length (Kruszewski and
Krygowski, 1972). For the aromatic ring, HOMA
value is expected in the range of 0.90-0.99 while for
non-aromatic ring is in the range of 0.50-0.80
(Krygowski, 1993). HOMA indices were calculated

for each step of scan calculations and summarized
in Figure 3.
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Figure 4. A torsional scan energy graph for the
rotation

To draw a torsional potential energy profile for
1(C2-C1-C17-019) torsion angle, a relaxed
potential energy scan with the step size of 15° was
done. Figure 4 represents the results of this scan
calculation. Relative energies in the figure were
calculated with respect to minimum energy.

As shown in Figure 4, the torsional energy barrier is
12.68 kcal/mol. Also, the transformation of intra-
molecular hydrogen bond from NH-O to NH OH
form increases the total energy by 3.23 kcal/mol.
Also HOMA values are wagging to parallel of
energy changing, as given in Figure 5.
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3.2. Infrared spectroscopy analysis

Experimental gas phase IR spectrum data of the title
compound were obtained from NIST Chemistry
WebBook (Linstrom and Mallard, 2001) website.
Due to overestimation problems of DFT
calculations, calculated IR wavenumbers were
scaled with two scale factor; 0.989 for lower than
1600 cm* and 0.954 for higher than 1600 cm * as
in Wangs’ study (Wang et al., 2015). Experimental
and calculated monomeric and dimeric IR spectra
which were obtained in gas phase were given in
Figure 6.

Due to the experimental IR spectrum was recorded
in 4000-600 cm™, Figure 1(a) has an interruption at
600-400 cm™ region. As seen in figure, there is a
good coherence between the experimental and
calculated spectra. Therefore, band assignments
with calculation of their PED values were made by
VEDA (Jamréz, 2013) software and the results
were given in Table 2, comparatively.
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Hydroxyl group stretching vibration peak has been
located at 3584 cm™ and calculated as 3595 cm.
The experimental peaks at 3520 cm™ and 3383 cm?*
can be attributed to symmetric and asymmetric
stretching vibrations of amino group. Theoretical
values of amino group stretching vibrations are
3531 cm? 3368 cm®. Aromatic C-H stretching
vibrations are found at 3085 cm, 3049 cm™ and
3017 cm't in the experimental spectrum while their
calculated values are 3065 cm™, 3041 ¢cm?, 3011
cm™, Methyl group stretching vibrations are in the
region of 2982-2879 cm. The most intense peak
(1725 cmY) in the spectrum corresponds to the C=0
stretching vibration. This peak caused maximum
deviation between the experimental and calculated
spectra with Av is 75 cm™, which may be originated
from steric effect in gas phase. Other intense peaks
founded at 1166 cm* and 1079 cm™ arise from in-
plane and out of plane vibrations of hydroxyl group
(Gardner and Wright, 2011).

Comparing to the IR spectrum of 2-aminobenzoic
acid in solid phase (Samsonowicz et al., 2005), the
major shifts take place in the carboxyl group, due to
the aminobenzoic acid derivatives prefer dimeric
structure in solid state while IR spectrum of the title
compound was obtained in gas phase. Stretching
vibration of C=0 group was assigned 1670 cm* for
2-aminobenzoic acid while 1725 cm™ for the title
compound. In the experimental spectrum of 2-
amino-3-benzoic acid, the v(C-N) vibration was
found at 1319 c¢cm’, which is calculated as 1307
cm!, while the same vibration was found at 1326
cm? for 2-aminobenzoic acid. v(C-OH) vibration
peak located at 1261 cm™ (exp.) 1213 cm™? (calc.)
and 1253 cm™ (2-aminobenzoic) acid.
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Figure 6. Experimental (a) and calculated monomeric (b), dimeric (c) gas phase IR spectra of the compound
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Table 2. Infrared band assignments with their PED values of 2-amino-3-methylbenzoic acid

E)r(gq Ef;g ﬁ?{llc' Assignments with PED values (Only major contributions)
3584 3595 105 v(019-H17)(%100)
3520 3531 70 V(N18-H12)(%84) + v(N18-H13)(%15)
3383 3368 111 V(N18-H12)(%15) + v(N18-H13)(%84)
3085 3065 3 V(C6-H11)(%91)
3047 3041 9 v(C5-H10)(%85)
3019 3011 13 v(C4-H9)(%93)
2982 2962 13 v(C8-H15)(%91)
2929 2901 19 V(C8-H14)(%35) + v(C8-H16)(%64)
2879 2863 35 v(C8-H14)(%62) + v(C8-H16)(%30)
1725 1650 346 v(020-C7)(%68)
1618 1574 149 V(C4-C3)(%12) + v(C1-C6)(%14) +B(H13-N18-H12)(%26)
1582 1550 127 V(C6-C5)(%14) + B(H13-N18-H12)(%31)
1527 92 V(C5-C4)(%16) + B(H13-N18-H12)(%19)
1498 10 B(H14-C8-H16)(%29) + B(H15-C8-H14)(%13)
1484 9 V(C1-C6)(%]12) + B(H9-C4-C5)(%10) +B(H10-C5-C6)(%22)
1472 8 B(H15-C8-H14)(%38) + B(H16-C8-H15)(%42) +t(H15-C8-C3-C4)(%12)
1449 1448 58 V(N18-C2)(%17) + B(H11-C6-C1)(%]10) +B(H14-C8-H16)(%14)
1403 14 B(H14-C8-H16)(%32) + B(H15-C8-H14)(%25) +B(H16-C8-H15)(%28)
1384 1370 65 V(C6-C5)(%]12) + v(O19-CT7)(%13) +v(C7-C1)(%14) +B(H17-019-C7)(%15)
1355 1342 46 V(C4-C3)(%20) + v(C2-C3)(%10)
1319 1307 11 V(N18-C2)(%20) + B(H9-C4-C5)(%31)
1292 1282 2 V(C1-C6)(%20) + v(N18-C2)(%12) +B(H11-C6-C1)(%25)
1261 1213 107 V(C8-C3)(%24) + B(H17-019-C7)(%13) +B(C1-C6-C5)(%10)
1206 1184 46 V(C6-C5)(%11) + B(H17-019-C7)(%10) +p(H10-C5-C6)(%41)

V(019-C7)(%13) + B(H17-019-C7)(%20) +B(H12-N18-C2)(%14) +B(H10-C5-C6)(%11)

1166 1159 239 T B(HI1.C6.C1(%12)

1106 15 V(C6-C5)(%22) + v(C5-C4)(%27) +B(H9-C4-C5)(%20)
1079 1075 204 V(019-C7)(%33) + B(H12-N18-C2)(%25) +B(C1-C6-C5)(%13)
1053 1 B(H15-C8-H14)(%11) + B(H16-C8-H15)(%1 1) +1(H15-C8-C3-C4)(%55) +y(C8-C4-C2-C3)(%10)
1006 3 B(H14-C8-H16)(%10) + t(H14-C8-C3-C4)(%27) +(H16-C8-C3-C4)(%26)
963 0 1(H10-C5-C6-C1)(%24) + 1(H11-C6-C1-C7)(%43) +1(C1-C6-C5-C4)(%16)
928 0 7(H9-C4-C5-C6)(%53) + t(H11-C6-C1-C7)(%26)
891 870 1 V(C2-C3)(%13) + v(019-C7)(%13) +v(CT-C1)(%13) +v(C8-C3)(%20) + P(C5-C4-C3)(%10)
836 849 5 V(N18-C2)(%14) + B(C2-C3-C4)(%10) +B(C6-C5-C4)(%35) +B(C5-C4-C3)(%14)
820 3 1(H10-C5-C6-C1)(%17) + y(020-C1-019-C7)(%42) +y(C7-C6-C2-C1)(%14) +y(N18-C3-C1-C2)(%11)
750 753 72 1(H9-C4-C5-C6)(%13) + t(H10-C5-C6-C1)(%50) +t(H11-C6-C1-C7)(%19)
736 9 7(C2-C3-C4-C5)(%14) + 7(020-C1-019-C7)(%29) +y(N18-C3-C1-C2)(%22)
696 20 B(020-C7-019)(%32)
624 627 37 B(020-C7-019)(%12) + 1(H13-N18-C2-C3)(%45)
599 623 34 B(020-C7-019)(%16) + B(C5-C4-C3)(%10) +t(H13-N18-C2-C3)(%36)
568 51 7(H17-019-C7-C1)(%52) + t(C1-C6-C5-C4)(%11) +y(N18-C3-C1-C2)(%13)
551 16 B(O19-C7-C1)(%15) + t(H17-019-C7-C1)(%12)
547 43 1(H17-019-C7-C1)(%19) + t(C1-C6-C5-C4)(%16) +(N18-C3-C1-C2)(%10)
496 4 V(C8-C3)(%13) + B(C2-C3-C4)(%16) +B(C7-C1-C6)(%12)
460 1 ©(H17-019-C7-C1)(%13) + y(C7-C6-C2-C1)(%16) +y(C8-C4-C2-C3)(%22)
418 3 B(N18-C2-C1)(%40) + B(019-C7-C1)(%20)
375 14 V(CT-C1)(%18) + P(C6-C5-C4)(%11) +B(C1-C6-C5)(%24)
346 5 B(O19-C7-C1)(%17) + B(C8-C3-C2)(%50)
300 138 ©(H12-N18-C2-C3)(%56)
266 6 1(C6-C5-C4-C3)(%11) + y(C7-C6-C2-C1)(%13) +y(N18-C3-C1-C2)(%22) +y(C8-C4-C2-C3)(%31)
230 3 B(O19-C7-C1)(%19) + B(C7-C1-C6)(%49) +B(C8-C3-C2)(%12)
204 10 7(H14-C8-C3-C4)(%33) + 1(H15-C8-C3-C4)(%17) +1(H16-C8-C3-C4)(%35)
198 7 1(C2-C3-C4-C5)(%35) + (C7-C6-C2-C1)(%19) +y(C8-C4-C2-C3)(%13)
106 1 1(C6-C5-C4-C3)(%35) + 1(C1-C6-C5-C4)(%18) +1(019-C7-C1-C6)(%13) +y(C7-C6-C2-C1)(%15)
72 1 1(019-C7-C1-CB)(%77)
RMSE 25

v: Stretching, B: In-plane bending, t: Torsion, y: Out-of-plane bending
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3.3. NMR analysis

Experimental *H and 3C NMR spectra of 2-amino-
3-methoxybenzoic acid were obtained from AIST
database (AIST, 2017) which were sample saturated
in DMSO-d6 and data acquired with an 89.56 MHz
instrument. NMR  chemical shifts of 2
aminobenzoic acid (Samsonowicz et al., 2005), 2-
amino-3-methylbenzoic acid and calculated spectra
were given in Table 3. In the experimental spectra
of 2-amino-3-methylbenzoic acid, there was only a
small shift on C3 atom, which methyl group is
attached to C3, when compared to 2-aminobenzoic
acid NMR spectra. On the other hand, there was a
systematic small down-field shift in calculated
spectra.

Table 3. Chemical shifts for 2-amino benzoic acid
and 2-amino-3-methylbenzoic acid

Atom dexp* dexp** dcale
C1 109.69 109.39 109.89
Cc2 151.58 149.63 156.72
C3 114.69 122.91 128.37
C4 133.82 134.33 140.93
C5 116.42 114.27 117.56
C6 131.26 128.97 134.76
Cc7 169.69 169.96 176.16
C8 17.41 17.69
H9 7.21 7.16 7.56
H10 6.50 6.48 6.77
H11 7.70 7.63 8.11
H14, 15, 16 - 2.11 2.13

*2-aminobenzoic acid (Samsonowicz et al., 2005),
**2-amino-3-methylbenzoic acid (AIST, 2017)

These deviations can be reduced by using empirical
scale factor proposed from Forsyth and Sebag
(Forsyth and Sebag, 1997), but in this case was not
necessary. Due to carboxyl and amino protons are
constantly changing from one atom to another atom
in solvent media, their proton NMR peaks are
generally broad or lose (Anderson et al., 2004).
Moreover, their shifts are depending on the solvent,
concentration and temperature. Therefore, their
peaks could not be assigned as in 2 aminobenzoic
acid compound (Samsonowicz et al., 2005).

4, Conclusions

Geometry optimizations of title compound show a
good agreement with experimental XRD values.
Potential energy scan calculations with HOMA
aromaticity index chancing graphics were obtained.

80

Therefore, we decided to the selected theoretical
method was sufficient. 2-amino-3-benzoic acid
consists of 20 atoms which has 54 normal modes
from 3N-6 rule. All the normal modes were
assigned with their PED values. NMR spectra
chemical shifts were not fully resolved due to the
nature of both acidic and basic group included in the
compound.
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Sapwood Area Related to Tree Size, Tree Age, and Leaf Area
Index in Cedrus libani

Aylin Giiney*

Abstract: Sapwood includes the water conducting part of the stem which transports water and minerals from
roots to leaves. Studies using sap flow gauges have to determine the area of the sapwood in order to scale
measured sap flow densities to the tree or stand level. The aim of this study was to investigate the
relationship between sapwood area at breast height and other tree parameters which are easy to measure of
the montane Mediterranean conifer Cedrus libani, including a total number of 92 study trees of different size
and age. The study was conducted at four different stands situated between 1000 and 2000 m altitude in the
Elmali Cedar Research Forest of Antalya, SW-Turkey. Sapwood area of the study trees was determined by
extracting two tree cores from opposite directions of the stem using an increment borer and by visually
assessing the wet part of the core. Parameters measured besides sapwood area were diameter at breast height,
stem radius without bark, sapwood depth, tree basal area, tree height, tree age, and projected crown area.
Furthermore, at each stand, leaf area index (LAI) was determined using hemispherical photographs of the
forest canopy. The most significant relationship was found between stem radius without bark and sapwood
area (R? 0.94) followed by tree basal area and sapwood area (R% 0.90). Although it was the second best
predictor, tree basal area should be used to estimate sapwood area when estimating stand transpiration since
it can be measured faster and without giving damage to the tree. Mean sapwood area and mean site-specific
LAI showed a significant positive correlation. The findings of this study can be used in ecophysiological
studies when transpiration rates of C. libani are measured using sap flow gauges.

Keywords: Taurus cedar, sapwood width, sap flow, LAI.

1. Introduction In the industrial context (e.g. lumber production),

it is important to know about physical and
Sapwood is the living and water conducting technological properties of the sapwood because
portion of the stem which transports water and they differ from those of the heartwood
minerals from roots to leaves, and where to a lesser (Longuetaud et al., 2006). In ecophysiological
extent energy reserves are stored (Matyssek et al., studies sapwood is an important parameter when
2010). With increasing age parenchyma cells die measuring sap flow rates and transpiration of
and tracheids and vessels lose their ability to single trees or whole stands (Gebauer et al., 2008;
conduct water (Plomion et al., 2001). The non- Motzer et al., 2005; Phillips et al., 1996;
conductive part of the wood (heartwood) is often Woullschleger et al., 2004). The amount of sapwood
infiltrated by tannins which cause a change in area to leaf area (or leaf biomass) is an indicator
color. The proportion between sapwood and about the water conducting capacity of the
heartwood of a stem’s cross-section vary between sapwood in relation to transpiration demand, and
tree species but also among individuals of the same about the photosynthetic production relative to
species or a single individual (Matyssek et al., respiratory costs (Longuetaud et al., 2006; Makeld
2010). The amount of sapwood is also an indicator et al., 1995; Rodriguez- Calcerrada et al., 2015).
of tree health since stressed trees have less Several studies have investigated the relationship
sapwood (Lehmann and Becker, 1993). between sapwood area and other parameters in
tUniversity of Hohenheim, Institute of Botany, Stuttgart, Germany. Citation: Giiney, A. (2018). Sapwood Area Related to Tree Size, Tree
* Corresponding author: *aylinguney13@gmail.com Age, and Leaf Area Index in Cedrus Libani. Bilge International Journal

of Science and Technology Research, 2 (1): 83-91.
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various tree species, especially from temperate
forests (Ford et al., 2004; Gebauer et al., 2008;
Long and Dean, 1986). In Picea abies (L.) Karst.
for example (Longuetaud et al., 2006), a high
positive correlation was found between sapwood
width and tree height, and diameter at breast height
(DBH). Until now, no study was found that
investigated the relationship between sapwood
area and tree size, or between sapwood area and
tree age of Cedrus libani A. Rich.

C. libani (Taurus cedar) is a drought tolerant and
cold-resistant evergreen conifer of the Pinaceae
family. Covering around 600.000 ha, today its
largest distribution is found in Turkey (Boydak,
2003). C. libani mainly grows at altitudes ranging
from 800 to 2100 m as.l. where montane
Mediterranean  climate  conditions  prevail
(Evcimen, 1963). In a recent study published by
Messinger et al., (2015), it was shown that planted
C. libani individuals growing in the Ecological
Botanical Gardens of Bayreuth under Central

and good growth performance. The good growth
seems mainly to be attributed by the more humid
conditions and better water supply during the
summer months. In Turkey and outside its natural
range, C. libani is used for forestation and
afforestation projects and discussions about its
growth and adaptation potential under diffirent site
conditions and future climate scenarios corry on
(Boydak 2007; Ducci et al. 2007; Giiney et al.,
2017). Besides its ecologically importance it is one
of the most important commercial tree species in
Turkey (Boydak, 2003; Kavgaci et al., 2010).
Therefore it is of interest to further explore this
species, especially in terms of its ecophysiology
since only few studies have been carried out so far.

The specific objectives of this study were to
investigate (1) the relationship between sapwood
area at breast height (1.30 m) and other tree
parameters of C. libani, and (2) to test if there is a
relationship between mean sapwood area and mean
leaf are index in C. libani stands.

European climate conditions show high adaptation

Table 1. Characteristics of the study trees selected at four different sampling sites (T1 — T4) within the
Elmali Cedar Research Forest and site-specific leaf area index (LAI). Differences between sites were tested
using ANOVA. Significant differences (P < 0.05) are indicated by lower case letters.

T1.1960m  T2_1665m T3 1355 m T4 1050m  F-value P
Latitude 36.58422°N 36.58520°N 36.57771°N 36.57800°N ) )
Longitude 30.03077°E 30.02035°E 29.98542°E 29.96881°E

Number of trees (n) 23 24 23 22 - -
Sapwood area (m?) 0.22+0.202 0.40+0.19b 0.38+0.242 0.34+0.262 3.20 0.027
Diameter at breast height (cm) ~ 20.1+9.72 33.9+10.3° 31.3+11.9° 27.8+15.1% 5.96 0.001
Radius without bark (cm) 9.0.+4.92 14.6+4.5° 14.1£5.5° 12.6+7.3% 4.66 0.005

Sapwood depth (cm) 4.7+1.2 5.1£1.2 4.9+1.4 5.1£1.1 0.63 0.596

Tree basal area (m?) 0.039+0.052 0.099+0.06° 0.087+0.07%  0.078+0.08% 3.67 0.015
Height (m) 7.341.82 18.4+4.8 18.7+4.7° 12.445.3¢ 3551  0.000
Age (years) 44.8+25.6 92.4+23.8b 87.3£25.2 (n=8)°  52.2428.6% 17.23 0.000
Projected crown area (m?) 12.9+8.28  10.7£9.7 (n=9)? 30.2+15.6° 22.4+17.6% 7.81 0.000
Leaf area index (m? m2) 1.04+0.452 2.93+0.46P 3.2240.89° 2.37+0.65¢ 42.26 0.000
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2. Material and Method
2.1. Study area and tree selection

The study was conducted during March 2013 and
end of 2014 within the Cedar Research Forest in
the Elmali district of Antalya located in the
southwestern Taurus Mountains. The forested parts
exhibit mostly pure stands of C. libani, which are
sometimes partly mixed with Juniperus sp.
individuals. The area is characterized by an oro-
Mediterranean climate with cold winters and
drought periods during summer (Atalay, 1987)
with a mean annual precipitation of 640 mm and
mean annual temperature of 7.5 °C (Basaran et al.,
2008). Our sampling sites (abbreviated as T1, T2,
T3, and T4) were located along an altitudinal
gradient ranging from approximately 1000 to 2000
m a.s.l. (Table 1). For further details about the
characteristics of the sampling sites see Giiney et
al., (2017).

For analysis of sapwood area, between twenty-two
and twenty-four mature C. libani trees of different
size and age were randomly chosen per sampling
site. None of the selected tree individuals had any
visible damage (Giiney et al., 2016). DBH was
measured in two directions and then averaged.
Tree height was measured with an ultrasonic
distance meter with inclinometer (Vertex IlI,
Haglof Sweden AB, Langsele, Sweden). Tree
basal area (TBA) was measured at breast height
(1.30 m) including the bark. The projected crown
area for each sample tree was determined by
measuring the radius from stem to end of crown
perimeter in eight directions (North, Northeast,
East, Southeast, South, Southwest, West, and
Northwest). Projected crown area was than
estimated as a circle of which the diameter was
calculated as an average of the eight measured
radii (Kantola and Mékeld, 2004). For T2, data of
projected crown area is only available for nine
trees.

2.2. Sampling and determination of sapwood
area

To determine the sapwood area of all sample trees,
tree cores were extracted at breast height using an
increment borer (Suunto 300/400 mm, Finland).
For each tree, two cores were extracted from the
north and south facing side of the stem reaching to
the pith. Since tree cores were taken during early
spring and early winter the stems were assumed to
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be fully hydrated and the sapwood was marked
right after tree cores were taken as the visibly wet
part of the xylem (Long and Dean, 1986). The
natural change of color (the heartwood was more
reddish brown) did not directly correspond with
the boundary of wet to dry wood in most cases and
was located closer to the pith. Additionally, several
tree cores were stained with Lugol’s solution
(Rodriguez- Calcerrada et al., 2015) which
showed a slight reaction close to the previously
marked wet proportion of the cores. Nevertheless,
the visibly wet outer part of the cores was taken as
the sapwood depth since staining methods can
result in high error rates. From the two cores, an
average sapwood depth was determined for each
tree. Sapwood area at DBH was then calculated as
the area of the outer stem ring with a radius that is
equal to the average sapwood depth while
assuming a uniform circular sapwood (Horna et al.
2011). From the tree cores used for determination
of sapwood area, tree age at breast height was
defined by counting the number of tree rings, and
radius without bark was measured. For mean
values of each parameter at each sampling site see
Table 1. At T3, exact determination of tree age
was only possible for eight trees.
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Figure 1. Relationship between Sapwood area and
(A) tree basal area (TBA), and (B) diameter at
breast height (DBH) of Cedrus libani at four
different sampling sites (black circles: T1_1960 m;
gray circles: T2 1665 m; dark gray circles:
T3 1355 m; blue circles: T4_1050 m).

2.3. Determination of leaf area index

Leaf Area Index (LAI) is defined as “one half of
the total leaf area per unit ground surface area”
(Jonckheere et al., 2004). LAI was determined at
seventeen different locations within each sampling
site. Hemispherical photographs of the forest
canopy were taken from the ground which were
later analyzed via HemiView image analysis
software (1999 Delta-T Devices Ltd, Cambridge,
UK). The presented LAI values were published in
Giiney et al. (2017).
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Figure 2. Relationship between Sapwood area and
(A) sapwood depth, and (B) stem radius without
bark of Cedrus libani at four different sampling
sites (black circles: T1 1960 m; gray circles:
T2 1665 m; dark gray circles: T3 1355 m; blue
circles: T4_1050 m).
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Figure 3. Relationship between sapwood area and (A) tree height, (B) tree age at breast height, and (C)
projected crown area of Cedrus libani at four different sampling sites (black circles: T1_1960 m; gray circles:
T2_1665 m; dark gray circles: T3_1355 m; blue circles: T4 1050 m). Level of significance P< 0.05. Please

note that the scaling of the y-axes are identical.

2.4. Data analysis

Simple regression analysis was used to compare
the relationship between sapwood are and other
measured parameters. Differences between sites in
means of sapwood area and other measured
parameters (e.g. DBH, sapwood depth, tree height,
LAI, etc.) were tested using ANOVA. Analyses
were performed with Sigma Plot 10.0 (Systat

software, Inc.) and SPSS 20.0 (SPSS Inc.,
Chicago, IL, USA) software.

3. Results

ANOVA resulted in significant differences

between sites for tree age, LAI, and all measured
tree size parameters except for sapwood depth. At
all sites, mean sapwood depth was approximately 5
cm (Table 1). Resulting means of the other
parameters were generally similar between the
sampling sites T2 and T3.

Sapwood area was positively related to TBA and
DBH using non-linear (exponential rise to
maximum) and linear regression, respectively
(Figure 1). Regarding the values obtained from all
study trees, TBA was the best predictor for
sapwood area explaining 90% of the variation. A
high correlation was also found for DBH which
accounted for approximately 88% of the variation
in sapwood area.
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Sapwood area was further related to the tree size
parameters sapwood depth and stem radius without
bark using non-linear (quadratic) and linear
regression, respectively (Figure 2). Stem radius
without bark was overall the best predictor for
sapwood area explaining 94% of the variation. The
quadratic relationship between sapwood area and
sapwood depth explained only 56% of the
variation.

Regression analysis between sapwood area, tree
height, tree age, and projected crown area was
done for each sampling site separately (Figure 3).
The relationship between sapwood area and tree
height was very variable explaining between 39
and 86% of the variation. While no significant
correlation was found between sapwood and tree
age at the sampling sites T1 and T2, linear
regression explained 85 and 83% of the variation
for T3 and T4, respectively.
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Figure 4. Relationship between site-specific mean
leaf area index (LAI) and mean sapwood area of
Cedrus libani. Values are given with standard
deviations. T1-T4: Sampling sites, see Table 1.

A high positive correlation was found between
sapwood area and projected crown area at T1, T3
and T4. At T2 (values only available for nine trees)
it accounted for only 55% of the variation in
sapwood area.

A significant positive linear relationship (R*=
0.95) was found between site-specific mean
sapwood area and LAl (Figure 4). An altitudinal
trend for sapwood area was not found.

4. Discussion and Conclusions

In this study, sap wood area of C. libani
individuals growing at different altitudes in the
Elmali Cedar Research forest was determined by
visually assessing the wet part of extracted tree
cores. The relationship between sapwood area and
different parameters (tree size, age, LAI) was
investigated.

4.1. Determination of hydro-active sapwood
area

Many techniques and methods are available to
determine the sapwood area of the stem, either
using tree cores, trees’ cross sections or whole tree
stems, depending on the study objectives.
Determining the sapwood area using computer
tomography (portable devices) is non-destructive
but measurement devices are expensive. Another
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method is to measure the resistance to penetration
but it is restricted to areas where frost occurs (Rust
1999). Staining methods are more economical but
cannot be performed without causing damage to
the tree (Kutscha and Sachs, 1962). Furthermore
they are prone for overestimating the sapwood
proportion when the transition zone between
sapwood and heartwood is also stained, although it
almost entirely lost its ability to transport water
(Kostner et al., 1998; Rust, 1999). This in turn may
lead to overestimating transpiration rates when
calculated based on sapwood area. In studies
measuring transpiration of trees, a common
method is to extract a tree core to the pith of the
stem in the early morning hours before
transpiration rates rise. Right after coring, a
solution including staining reagents (e.g. indigo
carmin) is injected into the hole. If necessary the
hole is refilled. After a few hours, when the xylem
sap including the staining solution should have
moved upward, a second core is taken a few cm
above the hole of the first extracted tree core. The
sapwood can then be determined based on the
stained depth of the tree core (Gebauer et al. 2008;
Meinzer et al., 2001). It is to mention that in such
studies methods including extraction of tree cores
should be carried out after all measurements are
completed. This way unnecessary disturbance that
may influence the measurements can be avoided. If
the sapwood area has to be determined in a fast
and economical way visual assessment of the wet
part, as used in this study, may be the preferred
method (Long and Dean 1986; Rust 1999).
However, this method should be used only when
the stem is fully hydrated (e.g. after rain events, in
the early morning hours, preferably during early
spring) and the wet part of the tree core has to be
marked immediately after extraction. In further
studies, different methods could be used to
determine the sapwood area of C. libani to
improve our knowledge in this regard.

4.2. Relationship between sapwood area and
different parameters in C. libani and its use in
ecophysiological studies

Several parameters were measured to find the best
predictor to determine sapwood area in C. libani.
Stem radius without bark explained 94% of the
variance, total basal area explained 90%. DBH
which is often used as a predictor in other studies,
accounted for approximately 88% of the variation
in sapwood area. In the study of Vertessy et al.
(1995) DBH explained 96% of the variation in
sapwood area of mountain ash (Eucalyptus



Bilge International Journal of Science and Technology Research 2018, 2(1): 83-91

regnans F. Muell.). Mean sapwood depth of C.
libani (approximately 5 cm) was higher than that
of Douglas fir (Pseudotsuga menziesii (Mirb.)
Franco) with approximately 3 cm and lower than
sapwood depth of Ponderosa pine (Pinus
ponderosa Dougl. Ex Laws.) with approximately
12 cm (Barnard et al., 2011). The larger fraction of
sapwood area in P. ponderosa is hypothesized to
be an advantage under drier conditions. Similar
sapwood depths (averages mostly range between 4
and 6 cm) were found in mountain pine (Pinus
uncinata Ram.) trees growing in the Iberian
Peninsula (Galvan et al.,, 2012). Tree age, tree
height and projected crown area resulted in
different good correlations. Especially correlations
between sapwood area and tree age were not
significant if tree age values did not cover a wide
range. Projected crown area was a better predictor,
especially when the sampling number was high.
The relationship between mean sapwood and mean
LAI resulted also in a high positive correlation.
Since LAl was not always measured in close
proximity to the sampling trees it is only an
approximation but it clearly shows the trend how
leaf area and sapwood area are correlated. In this
context, projected crown area can also be used as
an estimator for leaf area. Furthermore, these
relationships show the physiological balance
between water requirement of the tree (from shoots
or leafs) and the water conducting sapwood
(Kaufmann and Troendle, 1981).

In studies using sap flow gauges, sapwood area is
an important parameter to determine single tree
and stand transpiration (Gebauer et al., 2008;
Meinzer et al,. 2001) or to investigate water
storage and transport properties in trees. A study
conducted by Rodriguez- Calcerrada et al., (2015)
showed how amongst six deciduous species,
dominant individuals had higher transpiration rates
per unit basal area compared to suppressed
individuals mainly because the latter had lower
sapwood depth. The findings of this study can be
used in ecophysiological studies on C. libani to
calculate single tree and stand transpiration and to
answer other questions related to water use or
water transport in this tree species, especially when
site and stand characteristics area similar to those
in this study.

In conclusion, sapwood area of C. libani was
visually assessed in extracted tree cores and
resulted in significant correlations with the other
measured parameters in this study. Stem radius
without bark and tree basal area where the best
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predictors, but the latter should be preferred since
it causes no damage to the tree. Further studies at
different sites and using different methods should
be carried out to improve our knowledge about C.
libani sapwood and to enable upscaling of
measured sap flow densities from the single tree to
the stand level in this species.
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Chemical Characterization and Biological Activity Evaluation
of Essential Oils of Achillea sipikorensis, an Endemic Plant
From Turkey
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Abstract: The Achillea L. (Asteraceae) are known all over the world and used widely by local people as folk
herbal medicine. The species are reported to have anti-inflammatory, antioxidant, diuretic, antispasmodic vs.
activities and have been used for the treatment of various ailments in Turkish traditional medicine. This work
is the first study on chemical composition and biological activity of essential oil obtained from endemic
plant- A. sipikorensis Hausskn. Et. Bornm evaluated for their antiradical, antimicrobial and cytotoxic
activities. GC/MS analyses showed that cis- chrysanthenol (14.5%), 1, 8-cineol (10.9%), caryophyllene oxide
(8.5%), borneol (8.2%), and camphor (6.1%) were the major constituents in the essential oil from aerial part
of the plant. The essential oil demonstrated good antioxidant, antimicrobial and cytotoxic activities.

Keywords: Achillea sipikorensis, Essential oil, Antioxidant, Antimicrobial, Cytotoxicity

1. Introduction There are many well established reports about the
close relationship between increased reactive
The genus of Achillea is belongs to Compositae oxygen species (ROS) in biological system and
family and comprise of 115 taxa. In Turkish flora, chronic disease such as diabetes, atherosclerosis,
it has 48 species and 54 taxa, among them the half hypertension, and neurodegeneration (Harman,
are recorded as endemic. The Achillea species are 1992). In this context natural antioxidants play an
widely used in traditional and folk medicine for important role in reducing the risk of degenerative
treatment of various disease or to maintain good disease.  Therefore, plant origin  natural
health(Manayi et al.,, 2012). The majority of antioxidants have great interest attributed to their
Achillea species are medicinal plants due to their free radical scavenging abilities.
therapeutic applications. In Turkey, Achillea
herbal teas are traditionally used for abdominal To the best of our knowledge, there was no
pain and flatulence(Yasar and Fakir, 2016). available  information  about  antioxidant,
antimicrobial and cytotoxic activity of the essential
The previous phytochemical investigations on oil of A. sipikorensis. The aim of the present work
Achillea species indicates that, they contains was to evaluate and explore in vitro antioxidant,
various secondary metabolites such as flavonoids, antimicrobial and cytotoxic activity of the essential
essential oils, lignans and terpenic oil obtained from aerial part of A. sipikorensis
compounds(Karaalp et al., 2009; Saeidnia et al.,
2011).
1Cumhuriyet University, Faculty of Pharmacy, Department of Citation: Eruygur, N., Cevik, O., Atas, M., Tekin, M. (2018). Chemical
Pharmacognosy, Sivas, Turkey. characterization and biological activity evaluation of essential oils of
2Adnan Menderes University, Faculty of Medicine, Department of Achillea sipikorensis, an endemic plant from Turkey. Bilge International
Biochemistry, Aydin, Turkey. Journal of Science and Technology Research, 2 (1):92-97.
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2. Material and Method

The study material of Achillea sipikorensis were
collected at flowering season from gypsous hill at
separating section of Kangal-Giiriin road, Sivas,
Turkey (N 39 07 52,2; E 37 14 33,4;) by botanist
Dr. Mehmet Tekin and stored at the herbarium of
Faculty of pharmacy, Cumhuriyet University with
the collect number of M. Tekin-1736. The plant
material were air-dried at shadow place for about
two weeks.

Figure 1. Habitat image of A. sipikorensis (M.
Tekin)

2.1. Extraction of the essential oil

The essential oil of the dried and grounded aerial
part of the A. sipikorensis was obtained by
hydrodistillation using a Clevenger-type apparatus
for 3 hin a yield of 0.5% (v/w). After drying with
anhydrous sodium sulphate and filtration, the oil
was stored at refrigerator until use.

2.2. GC/MS analysis

The analysis of the obtained essential oils was
carried out using an Agilent 7809B GC system,
equipped with a HP-Innowax capillary column
(60m, 0.25mm i.d., 0.25 pm film thickness) and a
5977B Mass Selective Detector system. An
election ionization system with energy of 70eV
used for detection. Helium (0.7mL/min) was used
as carrier gas, Injector and detector temperatures
were set at 250 °C. The temperature was 60 °C at
initial 10 min, then gradually increased to 220 °C
at a 4°C/min rate, held for 10 min and finally
increased to 240 °C at 1 °C/min. Diluted samples
(in 10% hexane, v/v) of 1.0 puL were injected
manually with 40:1 split rate. Identification of the
components was carried out with the retention
index determined by injection of a homologous of
n -alkane series under the same experimental
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conditions.  Further identification of the
components was performed based on the
comparison of their mass spectra with Wiley 9-
Nist 1 Mass spectral database system.

2.3. Antioxidant activity

The antioxidant activity of the essential oil was
evaluated on the basis of the radical scavenging
effect of the stable 1, 1-diphenyl-2-picrylhydrazyl
(DPPH)-free radical activity by the method of
Blois (Blois, 1958) and 2,2’-Azino-bis (3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS)

radical cation decolorization assay as described by
Re et al. (Roberta Re, Nicoletta Pellegrini, Anna
Proteggente, Ananth Pannala, Min Yang, 1999).

2.4. Antimicrobial activity

The essential oil of A. sipikorensis was tested
against a panel of microorganisms including

Staphylococcus aureus (ATCC 29213),
Enterococcus faecalis (ATCC 29212)),
Pseudomonas aeruginosa (ATCC  27853),

Escherichia coli (ATCC 25922)) and Candida
albicans (ATCC 10231). In order to determine the
MIC (minimum inhibition concentration) as
recommended by NCCLS. The two-fold dilutions
ranging from 5 mg/mL to 0.032 mg/mL of the
essential oil was performed in a 96-well plate, and
then suspended test strains were inoculated in each
well to give a final density of 5x 105 CFU/mL for
bacteria and 0.5-2.5 x10® CFU/mL for yeast.
Gentamycin and Fluconazole were used as positive
control and DMSO was used as negative control.
Plates were incubated at 37°C for 24h for bacteria
and at 30°C for yeasts. Then 2 mg/mL of 2, 3, 5-
Triphenyltetrazolium chloride (TTC) sterile
solution was added and further incubated at 37°C
for 1h. The microbial growth was indicated by the
presence of a red pellet on the well bottom with
formation of formazan.

2.5. Cytotoxicity

The in vitro cytotoxicity of essential oil was
evaluated in the colorimetric 3-(4, 5-
dimethylthiazolyl-2)-2, 5-diphenyltetrazolium
bromide (MTT) assay. A total of 100 pL of the
exponential growing MCF-7 and PC-3 cancer cell
suspensions are pipetted in to each well of a sterile
96-well microtiter plate in DMEM medium to 5 x
103 cells/mL. The plates were incubated for 24h at
37°C in a 5% CO; incubator, until the cells were in
the exponential phase of growth. On next day,
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different concentrations of essential oil (1, 10, 100,
and 1000 pg/mL) prepared in 1% DMSO-growth
medium was added. Each dilution concentration
was performed in triplicate. The microtiter plates
were incubated at 37°C in a 5% CO; incubator for
24 h with essential oils. After incubation, culture
medium aspirated carefully and 10 pL of MTT
solution was added to each well and further
incubated for 4h at same condition. The MTT
formazan crystals were dissolved by adding 50 pL
of DMSO to each well and the amount of MTT
reduction was measured by detecting absorbance
in a microplate reader (Epoch, USA) at a
wavelength of 570 nm. The ICs, values were
calculated as the concentration of the essential oil
resulting in a 50% reduction of absorbance
compared to control group which are untreated
cells with essential oils.

Abundance

3. Results

The GC/MS method was used for the
determination of chemical composition of A.
sipikorensis essential oil. 29 compounds were
identified and constituting 81.2 % of the total oil.

The essential oil of A. sipikorensis was
characterized by a majority of monoterpenes such
as Myrteneol (14.5%), 1,8-cineol (10.9%),

caryophyllene oxide (8.5%), borneol (8.2%), and
camphor (6.1%) (Table 1). Toncer et al. reported
that 1,8-cineol, camphor as main principal
constituents of the essential oil of A. biebersteinii,
A aleppica, A. tenuifolia, A. magnifica and A.
cucullata (Toncer et al., 2010). Comparing with
them, our results reveals that myrteneol,
caryophyllene oxide, borneol are the main
dominant constituents presented in essential oil of
A. sipikorensis except for camphor and 1,8-cineol.
The great variation in chemical composition of
essential oils of Achillea species mainly due to
their environmental condition and other exogenic
factors.
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Figure 2. GC/MS chromatogram of essential oil of Achillea sipikorensis
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Table 1. Chemical composition of Achillea sipikorensis essential oil

Relative Relative
No | Retention Index | Compound* Intensity
(RRI) (%)
1 1035 a-Pinene 2.8
2 1079 Camphene 11
3 1121 B-Pinene 2.2
4 1222 1,8-Cineole 10.9
5 1284 p-Cymene 1.0
6 1405 Santolina alcohol 1.8
7 1474 trans-Sabinene hydrate 1.0
8 1492 2-Ethyl hexanol 11
9 1511 Campholenal 0.7
10 1548 Camphor 6.1
11 1576 Trans-p-Menth-2-en-1-ol 14
12 1597 Pinocarvone 0.9
13 1620 Terpinen-4-ol 13
14 1626 B-Caryophyllene 0.6
15 1642 trans-Pinocarveol 11
16 1678 a-Terpineol 1.4
17 1713 Borneol 1.7
18 1724 cis-Piperitol 8.2
19 1762 cis-Chrysantheol 2.8
20 1769 Myrteneol 145
21 1813 Caryophyllene oxide 0.6
22 2032 Caryophylla -2(12), 6 (13)-dien-5-one 8.5
23 2089 Spathulenol 0.5
24 2154 Sphathulenol 2.6
25 2200 Thymol 0.5
26 2265 S-Eudesmol 0.9
27 2326 Caryophylla-2(12), 6(13)-dien-5 § -ol 1.0
28 2331 Caryophylla-2-(12), 6(13)-dien-5a-ol 35
29 2364 Caryophylla-2(12), 6-dien-5a-ol 0.5
30 2405 Caryophylla-2(12), 6-dien-5p -ol 1.3
Total 82.5

Antioxidant activity: The

radical scavenging

cation was generated via the reaction of ABTS

activity of DPPH is based on the decolourization
of the purple coloured fresh solution of DPPH is
bleached by natural antioxidants presented in
plants or essential oils and the bleaching degree is
proportional to efficiency and amount of
antioxidants (Saeed et al., 2012). ABTS also used
for radical scavenging properties measurement. In
this method, the green/blue coloured ABTS+
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with potassium persulfate for 12-16h (Abu Zarin
et al.,, 2016).  Antimicrobial activity: The
antimicrobial activity of the essential oil was
determined and the results are presented in Table
2.
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Table 2. MIC value of A. sipikorensis essential
oils on tested 5 microorganism growth

S/No. | Microorganisms | Concentration
(ma/ml)

1 E. coli >5

2 S. aureus 2.5

3 P. aeruginosa >5

4 E. faecalis 5.0

5 C. albicans 25

Cytotoxicity: The cytotoxic activity of the
essential oil on MCF-7 breast cancer cell line and
PC-3 prostate cancer cell line was determined
using MTT assay and the results are given in
Figure 4. The obtained results suggest that the
plant A. sipkorensis could be used as valuable
resources for bioactive food materials due to its
cytotoxic properties.

0
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——PC-3

01 1 10 100
Concentration (pg/ml)

Figure 3. Cytotoxic activity of essential oil of A.
sipikorensis on MCF-7 breast cancer and PC-3
prostate cancer cell lines
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Figure 4. Floresans image and AO/EB staining
ratio of MCF-7 breast cancer cell line and PC-3
prostate cancer cells 24h incubated with 100
ug/mL A. Sipikorensis essential oil

4, Discussion and Conclusions

As to antimicrobial activity of crude herbal
extracts, many authors consider that its significant
if the MIC value is < 100 pg/mL, moderate
between 100 and 625 pg/mL, weak if higher than
625 ng/mL (Awouafack et al., 2013). According
to this consideration, the essential oil of A.
sipikorensis had weak antimicrobial activities
against the tested five microorganisms. The
results obtained from this study showed that
essential oil of Achillea sipikorensis aerial parts
has antiradical, antimicrobial and cytotoxic
activity. Therefore, the plant may be useful in
treatment of microbial infections or oxidative
stress related chronic disease.

Acknowledgements

The author wish to thank Cumhuriyet University
academic research council for financial support
(Grant number CUBAP-ECZ-020) to carry out
this research.



Bilge International Journal of Science and Technology Research 2018, 2(1): 92-97

References

Abu Zarin, M., Wan, H.Y., Isha, A., Armania, N.
(2016). Antioxidant, antimicrobial and
cytotoxic potential of condensed tannins
from Leucaena leucocephala hybrid-
Rendang. Food Sci. Hum. Wellness 5,
d0i:10.1016/j.fshw.2016.02.001

Awouafack, M.D., McGaw, L.J., Gottfried, S.,
Mbouangouere, R., Tane, P., Spiteller, M.,
Eloff, J.N. (2013). Antimicrobial activity
and cytotoxicity of the ethanol extract,
fractions and eight compounds isolated
from Eriosema robustum (Fabaceae).
BMC Complement. Altern. Med. 13,
doi:10.1186/1472-6882-13-289

Blois, M., (1958). Antioxidant determination by
the use of a stable free radical. Nature 181,
1199-1200.

Harman, D. (1994). Free-Radical Theory of
Aging. Annals of the New York Academy
of Sciences, 717(1), 1-15.

Karaalp, C., Yurtman, A.N., Yavasoglu, N.U.K.
(2009). Evaluation of antimicrobial
properties of Achillea L. flower head
extracts. Pharm. Biol. 47, 86-91.
doi:10.1080/13880200802448682

Manayi, A., Mirnezami, T., Saeidnia, S., Ajani,
Y. (2012). Pharmacognostical Evaluation,
Phytochemical Analysis and Antioxidant
Activity of the Roots of Achillea tenuifolia
LAM. Pharmacogn. J. 4, 14-19.
doi:10.5530/pj.2012.30.3

Re, R., Pellegrini, N., Proteggente, A., Pannala,
A., Yang, M. (1999). Antioxidant activity
applying an improved ABTS radical cation
decolorization assay. Free Radic. Biol.
Med. 26, 1231-1237.

Saeed, N., Khan, M.R., Shabbir, M. (2012).
Antioxidant activity, total phenolic and
total flavonoid contents of whole plant
extracts Torilis leptophylla L. BMC
Complement. Altern. Med. 12, 1174.
doi:10.1186/1472-6882-12-221

Saeidnia, S., Gohari, A., Mokhber-Dezfuli, N.,
Kiuchi, F. (2011). A review on
phytochemistry and medicinal properties
of the genus Achillea. Daru 19, 173-86.

Toncer, O., Basbag, S., Karaman, S., Diraz, E.
(2010). Chemical Composition of the

97

Essential Oils of some Achillea Species
Growing Wild in Turkey. Int. J. Agric.
Biol. 12, 527-530.

Yasar S, Fakir, H. (2016). Effect of reaping time
on volatile constituents of Achillea
teretifolia  Willd. Turkish Journal of
Forestry 17, 52-55.



Bilge International Journal of Science and Technology Research

Web : http://dergipark.gov.tr/bilgesci - E-mail: kutbilgescience@gmail.com

. I
Received: 17.11.2017 ISSN: 2587-0742 l

Accepted: 06.03.2018 e-1SSN: 2587-1749
DOI: 10.30516/bilgesci.355493 2(1), 98-109, 2018

A Study on the Classification of Woody Vegetation in Forest
Ecology (Isparta- Yenisarbademli Case)

Esra Ozge Kurt!, Mehmet Giivenc Negiz?

Abstract: This study was carried out to classify woody vegetation in Yenisarbademli forest areas. The
vegetation classification is important to biological diversity conservation and sustainability. In the study, 103
sample plots 20 x 20 m size were taken for inventory. In the study area, woody plant species and
environmental factors were recorded in the inventory. Cluster analysis and two way indicator species analysis
(TWINSPAN) were performed to distinguish vegetation groups in the study. While cluster analysis and two
way indicator species analysis were carried out, present/ absence values of plant species were used. By using
the cluster analysis distinctions, a relationship analysis between qualities was also applied. Multi-response
permutation procedures (MRPP) analysis was applied to the cluster analysis and TWINSPAN results to
determine which groups would use the resulting analyzes. The results obtained from MRPP analysis showed
that the best option was provided with TWINSPAN used five indicatory species. As a result of TWINSPAN
used five indicatory species, THYSAM, CIRARV, BERVUL, JUNOXY and EUPSPP species were
identified as discriminating species. The first group represented 51 and the second group represented 52
sample plots. Discriminating species were determined to be species located in high elevation of the study
area. As a result of the analysis, the species in the first group is positive indicators while in the second group
is negative indicators. As a result, elevation is the most important variable when discriminating species group
and indicator species are identified.

Keywords: Indicator Species, Vegetation Classification, Yenisarbademli District, Elevation

Orman Ekolojisinde Odunsu Vejetasyonun Siniflandirmasina Yonelik Bir
Cahisma (Isparta-Yenisarbademli Ornegi)

Ozet: Bu calisma Yenisarbademli ormanlik alanlarinda odunsu vejetasyonunun smiflandirilmasi amaciyla
gerceklestirilmistir. Vejetasyon siniflandirmasi, biyolojik cesitliligi korumak ve devamii saglamak adina
onemli bilgiler vermektedir. Calismada arazi envanteri ile 20x20 metre boyutlarinda 103 6rnekleme alani
almmistir. Her Ornekleme alaninda odunsu bitki tlirleri ve yetisme ortami Ozellikleri envantere
kaydedilmistir. Caligmada vejetasyon gruplarini ayirabilmek amaciyla kiimeleme analizi ve iki yonlil
gosterge analizi gergeklestirilmistir. Kiimeleme analizi ve iki yonlii gosterge analizi gergeklestirilirken bitki
tiirlerine ait var- yok degerleri kullanilmistir. Kiimeleme analizi ayrimlarindan yararlanarak ayrica nitelikler
arasi iliski analizi uygulanmistir. Yapilan analizler sonucunda hangi gruplarin kullanacagina karar vermek
amaciyla kiimeleme analizi ve iki yonlii gosterge analizi sonug¢larina ¢oklu permiitasyon testi (MRPP) analizi
uygulanmistir. MRPP analizinin sonucuna gore iki yonlii gosterge analizinin bes gostergeli ikili grup ayrimi
iizerinden yorumlarin yapilmasinin daha uygun olduguna karar verilmistir. Vejetasyon smiflandirmasina
yonelik gergeklestirilen birgok caligmada iki yonlii gosterge analizinin etkili ve giincel bir yontem olarak
segilmis olmasi elde edilen bu sonucu dogrulamaktadir. Iki y&nlii gdsterge analizinin 5 indikator ikili grup
ayrimi sonucunda THYSAM, CIRARV, BERVUL, JUNOXY, EUPSPP tiirleri ayric1 tiirler olarak tespit
edilmis, ayrica ikili ayrimin ilk grubunu 51, ikinci grubunu 52 6rnekleme alani temsil etmistir. Caligmada

!Siileyman Demirel Universitesi, Orman Fakiiltesi, 32100, Isparta, Citation (Atf): Kurt, E.O., Negiz, M.G. (2018). A Study on the
Tirkiye. Classification of Woody Vegetation in Forest Ecology (Isparta-
2Siileyman Demirel Universitesi, Siitgiiler Hasan Giirbiiz Meslek Yenigarbademli Case). Bilge International Journal of Science and
Yiiksek Okulu, 32950, Isparta, Tiirkiye. Technology Research, 2 (1): 98-109.
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elde edilen ayirici tiirlerin genel olarak alanin yiiksek kesimlerinde dagilim gosteren tiirler oldugu
goriilmiistiir. Burada ilk grupta bu tiirler pozitif gostergeler iken, ikinci grupta negatif gosterge niteliginde
olmustur. Dolayisiyla ¢alismanin sonucu olarak; yoredeki grup ayrimlarinin olusmasinda ve gosterge
tiirlerinin tespit edilmesinde yiikseltinin en 6nemli degisken oldugunu sdylemek miimkiin olmustur.

Anahtar Kelimeler: Gosterge Tiir, Vejetasyon Siniflandirmasi, Yenisarbademli Yoresi, Yiikselti

1. Giris

Vejetasyon, bir ililke veya bir bolgenin belirli
yetisme ortami kosullarina gore gelisen ve benzer

ekolojik isteklere sahip olan bitki tiirlerinin
olusturduklart  bitki  toplumlar1  anlamina
gelmektedir (Negiz, 2009).

Orman ekosistemlerinde  biyolojik  cesitliligi

korumak ve devamliligini saglamak icin bitki
toplumlarinin ekolojik &zelliklerinin belirlenmesi
olduk¢a Onemlidir (Altan vd., 2017). Ancak
ekosistem i¢indeki iliskilerin ¢ok yonlii olarak
belirlenmesi olduk¢a karmagsik ve zor bir istir
(Ozkan ve Negiz, 2011).

Orman ekolojisi ¢alismalarinda ise vejetasyonun
siniflandirmast orman amenajmanit ve silvikiiltiir
planlarinin yapilmasinda, bolgesel ve yoresel tiir
envanteri ve tliir dagiliminin tespitinde, orman
varlig1 envanterlerinin ¢ikarilmasinda biiyiik 6nem
arz etmektedir. Ozellikle vejetasyonun hiyerarsik-
analitik degerlendirmesi {izerine giiniimiize kadar
¢ok sayida c¢alisma yapilmistir ve bircok
arastirmaci tarafindan gelistirilen vejetasyon ayrim
yontemleri bulunmaktadir (Williams ve Lamberg,
1959; Pritchard ve Anderson, 1971; Negiz, 2009;
Ulusan, 2016).

S6z konusu vejetasyon ayrim yontemlerinden
birliktelik analizi var-yok verileri kullanarak ve
ornek ciftleri arasinda Ki-kare degerlerinin
hesaplanmasi ile gergeklestirilmektedir. Birliktelik
analizinde elde edilen her aymrim, ayirici tiir
isminde tek bir tiir tarafindan temsil edilmektedir
(Williams ve Lamberg, 1959).

Bitki toplumlarin ayriminda kullanilan
yontemlerden bir digeri iki yonlii gosterge
(Twinspan) analizidir. Iki yonlii gosterge analizi
hem var-yok hem de sayisal veriler kullanilarak
belirlenebilmektedir. Bu analiz yontemi ile ayrilan
bitki toplumlarinin goésterge tiirleri ayn1 anda tespit
edilebilmektedir (Hill, 1979).

Vejetasyon siniflandirmasinda kullanilan diger bir
yontem ise kiimeleme (Cluster) analizidir. Bu
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analizde de hem var-yok hem de stirekli veriler
kullanilarak gerceklestirilebilmektedir. Kiimeleme
analizi gosterge tir vermemektedir. Ancak
kiimeleme analizi ile bitki toplumlarmin ayrimi
sonucu nitelikler arasi iligki analizi veya gosterge
analizi ile ayrilan gruplarin gosterge tiirleri tespit
edilebilmektedir (Pritchard ve Anderson, 1971).
Vejetasyon toplumlarinin siniflandiriimasi
¢aligmalarinda genellikle kiimeleme analizi veya
iki yonlii gosterge analizi tercih edilmektedir
(Zavala-Hurtado vd., 1996; Janisova, 2005; Jabeen
and Ahmad, 2009; Ozkan ve Negiz, 2011; Zhang
and Zhang, 2011; Peng vd., 2012; Sentiirk vd.,
2013).

Yenisarbademli ormanlik alanlarinda
gergeklestirilen bu caligmada ilk asamada arazi
envanteri sonucunda elde edilen bitki tiirleri
kiimeleme analizi yontemi ile gruplandirilmistir.
Ikinci asamada elde edilen gruplara nitelikler arasi
iligki  analizi uygulanarak  gosterge tiirler
belirlenmistir. Daha sonra ise diger bir yontem
olarak iki yonli gosterge analizi yOntemi
uygulanmigtir. Bdylece, en objektif yaklagimla bir
vejetasyon  smiflandirmasi  gergeklestirilmeye
calisilmistir (Fontaine vd., 2007; Ozkan vd., 2009;
Ozkan, 2009).

2. Materyal ve Yontem
2.1. Materyal

Caligma alan1 37°38'35" kuzey 31°21'17" dogu
koordinatlarinda Akdeniz Boélgesi’nin  Goller
Yoresinde, Beysehir Golii’niin batisinda, biiyiik
bolimii Isparta olmak iizere, Isparta-Konya il
sinirlart i¢inde yer almaktadir (Sekil 1). Alanda
Dedegiil Tepe (2992 m), alan i¢indeki en fazla
yiikseltiye sahip kisimdir. Kartal Tepe (2983 m),
Karagukur Tepe (2932 m) dagm diger yiiksek
tepeleri arasindadir (Cilgin, 2015).
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Calismanmn  yiritildigi  alana ait  iklim
ozelliklerini ifade edebilmek i¢in sahada ve
gevresinde yer alan Yenisarbademli Meteoroloji
Istasyonunun uzun yillara ait verilerinden
faydalanilmigtir (DM1,2017). Uzun yillara ait aylik
ortalama sicakliklara gore calisma alanindaki en
yiiksek sicakliga sahip aym 21,1°C ile Temmuz, en
diistik sicakliga sahip ayin ise -0.9°C ile Ocak ay1
oldugu tespit edilmistir. Calisma alanina ait yagis
ortalamasina bakildiginda ise yillik ortalama yagis
miktarinin 727 mm oldugu belirlenmistir.

Yorenin  iklim tipini  belirlemek amaciyla
Yenisarbademli (Isparta) meteoroloji istasyonunun
verileri Thornthwaite yontemi ile

degerlendirilmistir (Thornthwaite, 1948; Cepel,
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Sekil 1. Calisma alanina ait yer bulduru haritasi

1995). Thornthwaite yontemi sonucunda calisma
alaninin  nemli bir iklime sahip oldugu
belirlenmistir.

2.2. Yontem

Caligmada 20X20m boyutlarinda 103 ornekleme
alam1 alinmistir. Ornekleme alanlarinda yer alan
odunsu tirler Braun-Blanquet yontemine gore
kaydedilmistir (r,+,1,2,3,4,5), (Barkman,1964). Bu
¢alismada odunsu bitki tiirleri kullanilmigtir. Bitki
tirleri daha sonra O&rnekleme alanlarina gore
diizenlenmigtir. Bitki tiirlerinin kodlar1 Cizelge
1’de verilmistir. Bu calismada var/yok degerleri
itibariyle veri matrisi diizenlenmistir.
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Cizelge 1. Ornekleme alanlarinda tespit edilen odunsu bitki tiirleri ve kodlar1

Abies cilicica (ANT. ET KOTSCHY) CARR. subsp. isaurica COODE ET CULLEN  ABICIL

Amelanchier parviflora BOISS. var. parviflora BOISS.

Berberis vulgaris L.

Cedrus libani A. Rich

Centaurea thirkei SCHULTZ BIP.
Cephalaria speciosa BOISS. ET KOTSCHY

Cirsium arvense (L.) SCOP. subsp. vestitum (WIMMER ET GRAB.) PETRAK

Cistus laurifolius L.
Clinopodium vulgare L. subsp. vulgare L.
Colutea cilicica BOISS. ET BAL.

Crataegus monogyna JACQ. subsp. monogyna JACQ.

Crepis sp.

Dianthus zonatus FENZL var. hypochlorus (BOISS. ET HELDR.) REEVE

Digitalis davisiana HEYWOOD
Euphorbia sp.

Hypericum sp.

Jasminum fruticans L.

Juniperus excelsa M. BIEB.

Juniperus oxycedrus L. subsp. oxycedrus L.
Lamium cariense R. MILL

Lapsana communis sp.

Lathyrus laxiflorus (DESF.) O. KUNTZE subsp. laxiflorus (DESF.) O. KUNTZE

Laurus nobilis L.
Melia azedarach L.
Paeonia turcica DAVIS ET CULLEN

Phlomis grandiflora H. S. THOMPSON var. grandiflora H. S. THOMPSON

Phlomis sp.
Picea orientalis (L.) LINK

Pinus nigra J. F. ARNOLD subsp. nigra var. caramanica (LOUDON) REHDER
Pistacia terebinthus L. subsp. palaestina (BOISS.) ENGLER

Populus tremula L.

Prunus divaricata LEDEB. subsp. divaricata LEDEB.
Pyrus elaeagnifolia PALLAS subsp. elaeagnifolia PALLAS

Quercus cerris L. var. cerris L.
Quercus coccifera L.

Quercus infectoria OLIVIER subsp. boissieri (REUTER) O. SCHWARZ

Rosa canina L.

Rubus canescens DC. var. canescens DC.
Salvia tomentosa Miller

Sambucus ebulus L.

Sanguisorba minor. subsp. muricata (Spach) Brig.

Sideritis condensata BOISS. ET HELDR. APUD BENTHAM.

Silene spergulifolia (DESF.) BIEB.
Sorbus sp.

Teucrium polium L.

Thymus samius Ronniger. & Rech. Fil
Verbascum sp.

Viscum album L. subsp. album L.

AMEPAR
BERVUL
CEDLIB
CENTHI
CEPSPE
CIRARV
CISLAU
CLIVUL
COLCIL
CRAMON
CRESPP
DIAZON
DIGDAV
EUPSPP
HYPSPP
JASFRU
JUNEXC
JUNOXY
LAMCAM
LAPCOM
LATINF
LAUNOB
MELAZE
PAESPP
PHLGRA
PHLSPP
PICORI
PINNIG
POSTER
POPTRE
PRUDIV
PYRELA
QUECER
QUECOC
QUEINF
ROSCAN
RUBCAN
SALTOM
SAMEBU
SANMIN
SIDCON
SILSPE
SORSPP
TEUPOL
THYSAM
VERSPP
VISALB

Veri  seti,
analizleri

kiimeleme ve iki yonlii gosterge
ile degerlendirilmistir. ~ Caligmada
Ward’s metoduna gore kiimeleme analizi
uygulanmistir.  Kiimeleme analizinde kesme
seviyeleri Ozkan (2009) tarafindan aciklandig
sekilde gergeklestirilmistir. Ayrica tek indikator
seviyesinden bes indikatdr seviyesine kadar her
biri i¢in toplam bes adet iki yonlii gosterge analizi
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Hill (1979) tarafindan agiklandig sekilde toplamda
6 farkli analiz uygulanmustir.

Kiimeleme analizi ve iki yonlii gosterge analizi ile
ayrimi gergeklestirilen gruplarin en uygun olanina
karar verebilmek igin MRPP analizi
gergeklestirilmistir. MRPP analizinde T, A ve P
degerleri karsilastirilarak en uygun grup ayrimina
karar verilmistir.
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Kiimeleme analizi gergeklestikten sonra drnekleme
alanlarim bulunduklar1 gruplarin gosterge bitki
tirleri nitelikler arasi iligki analizi kullanilarak
belirlenmistir (Cole, 1949; Poole, 1974; Ozkan,
2002; Giilsoy ve Ozkan, 2013).

Nitelikler arasi iligki analizi yukaridaki bilgiler

dogrultusunda  gergeklestirilmistir. ~ Calismada
gergeklestirilen analitik  degerlendirmeler igin
PAST  (Paleontological Statistics), CAP

(Community Analysis Package), PC-ORD, SPSS

(Statistical Package for the Social Sciences) paket
programlarindan  faydalanilmistir ~ (Seaby ve
Henderson, 2004; SPSS, 2010; Hammer vd., 2011;
McCune ve Mefford, 2011)

3.Bulgular

Yenigarbademli ormanlik alanlarinda
gergeklestirilen ¢alismada 103 6rnekleme alaninda
toplamda 48 odunsu bitki tiirii tespit edilmistir.
Envantere kaydedilen odunsu bitki tiirlerinin
frekans degerleri Sekil 2’ de gosterilmistir.

ABICIL
AMEPAR
BERVUL ]
CEDLIB | 12.62
CENTHI § 0.97
CEPSPE § 0.97

CIRARV |

2718

32.04

37.86

d 57.28

CISLAU |
é 24.27

CLIVUL
COLCIL § 0.97
CRAMON | 8.74
CRESPP
DIAZON
DIGDAV
EUPSPP
HYPSPP | 7.77
JASFRU B 0.97
JUNEXC |
JUNOXY
LAMCAM
LAPCOM | 2.91
LATINF § 0.97
LAUNOB s 8.74
MELAZE 1.94
PAESPP 2.91
PHLGRA | 7.77
PHLSPP | 10.68
PICORI § 0.97
PINNIG
PISTER
POPTRE
PRUDIV
PYRELA

24.27

e 4.85

e—— 1553

291
0.97
3.88

# 47.57
1.94

| 8
097
25.24

52.43

.06

QUECER

5.34

QUECOC
QUEINF

=201
291

ROSCAN

RUBCAN == 5.83
SALTOM e 3.88
SAMEBU 2.91
SANMIN 1.94
SIDCON 3.88
SILSPE 1.94
SORSPP @ 1.94
TEUPOL
THYSAM |

13.59

28.16

4 A47.57

VERSPP

7.28

VISALB |18.45

o o IS
o =}

09
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=
f=]
o

Sekil 2. Arazi envanteri sonucu kaydedilen bitki tiirlerinin frekans (%) degerleri
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Ward’s metoduna dayali olarak gergeklestirilen
kiimeleme analizi sonucu 2’li, 3’14, 4’li ve 5°li

grup ayrimlarindan yararlanilmistir (Sekil 3).

AE=)
Information Remaining (%)
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Sekil 3. Ward’s metoduna dayali gergeklestirilen kiimeleme analizi sonuglari

Kiimele analizi gruplarm gosterge bitki tiirlerini
belirlemek igin nitelikler arasi iliski analizi
uygulanmistir. Kiimeleme analizinin dortlii grup
ayrimlarina uygulanan nitelikler arasi olan analizi
sonucu Cizelge 2’ de verilmistir. Burada sadece
dortlii.  grup  ayrimlara  ait  sonuglarmin
sunulmasmin sebebi ileride MRPP analizleri
boliimiinde agiklanmustir.

Cizelge 2. Kiimeleme analizi sonucu ayrilan
gruplarin nitelikler arasi iligki analizi sonucu elde
edilen gosterge tiirleri

Ayrim Tiirler Kikare Onem c3

gruplari seviyesi

1 CISLAU 17.515 0.000 0
JUNOXY 12.097 0.001 0.581
LAUNOB 5.076  0.024 -0.233
QUECER 5,552  0.018 0.423
ROSCAN 26.463 0.000 0.770
RUBCAN 6.917  0.009 0.198
SILSPE 3.963 0.047 0.091
VERSPP 11.182 0.001 0.578
MELAZE 3.963 0.047 -0.057

2 AMEPAR 8.085 0.004 0.177
BERVUL 6.077 0.014 0.409
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1

CISLAU 40.052  0.000 0
CIRARV 12.050 0.001 0.515
CLIVUL 4.758  0.029 -0.349
CRESPP 6.003  0.014 0.135
EUPSPP 42501 0.000 0.900
JUNEXC 25.982  0.000 0.614
JUNOXY 4966  0.026 0.396
LAUNOB 19.160 0.000 0.371
PHLSPP 4828 0.028 0.222
POPTRE 14.078 0.000 -0.596
PRUDIV 10.210 0.001 0.218
TEUPOL 10.128 0.001 -0.081
THYSAM 17.895 0.000 0.570
3 BERVUL 8.556  0.003 -0.467
CEDLIB 4520  0.034 -0.218
CISLAU 19.006  0.000 0
CIRARV 11.164 0.001 -0.517
EUPSPP 20.001 0.000 -0.642
HYPSPP 7.457  0.006 0.183
JUNEXC 10.029 0.002 -0.451
JUNOXY 19.318 0.000 -0.656
POPTRE 10.163 0.001 0.371
PYRELA 5755  0.016 -0.276
ROSCAN 19.318 0.000 -0.656
TEUPOL 4922 0.027 -0.238
THYSAM 8.902  0.003 -0.447
VERSPP 36.076  0.000 -0.745
4 ABICIL 26.000 0.000 0.364
CEDLIB 3.836  0.050 0.098
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CISLAU 8591  0.003 0
CLIVUL 5.151  0.022 0.170
JUNOXY 8.949  0.003 -0.327
LAMCAM 4355  0.035 0.038
PINNIG 4355  0.037 -0.038
POPTRE 4802  0.028 0.167
QUECER 4376  0.036 -0.236
ROSCAN 5257  0.022 -0.252
SAMEBU 32.273  0.000 0.119
THYSAM 3.865  0.049 -0.184
VISALB 4431  0.035 0.132

Kiimeleme analizi sonucunda hangi grup ayrimimin
daha uygun olacagina karar verebilmek amaciyla
gergeklestirilen MRPP analizi sonucunda dortlii
grup ayrimmin daha uygun olacagina karar
verigmistir. Ardindan gosterge tiirleri belirlemek
amaciyla gerceklestirilen nitelikler aras1 iliski
analizi sonuglarina gére en dnemli gosterge tiirleri
sirast ile birinci grupta CISLAU ve ROSCAN,

ikinci grupta CISLAU, EUPSPP, JUNEXC,
LAUNOB, POPTRE ve THYSAM olarak
belirlenmistir. ¢ ayrim grubunda CISLAU,

EUPSPP, JUNOXY, ROSCAN ve VERSPP olarak
ayrilirken, dort aynim grubunda SAMEBU ve
ABICIL en 6nemli gdsterge bitki tiirleri olmustur.

iki yonlii gosterge analizi sonuglarina geldigimizde
ise tek indikatdr seviyesinden bes indikator
seviyesine kadar her biri i¢in toplam bes adet iki
yonlii gosterge analizi Hill (1979) tarafindan
aciklandigr sekli ile gerceklestirilmistir.

Tek indikatorlii iki yonli gosterge analizinin ilk
ayrim seviyesi i¢in olusan iki grubun birinde 52

sayida, digerinde 51 sayida Ornekleme alan
bulunmaktadir. Ikili ayrim sonucunda birinci
grubun gosterge tiiri ise EUPSPP  olarak

belirlenmistir. Daha asag1 seviyeden kesilen ikinci
seviyede dort grup ayrilmistir. Bunlardan ilk ikisi
onceki ilk grubun diger ikisi ise ilk ayrimdaki
ayrilan ikinci grubun alt gruplardir. Burada birinci
grupta 15, ikinci grupta 37, iiciincii grupta 38,
dordiincii grupta ise 13 sayida oOrnekleme alan
ayrilmaktadir. Dortli grup ayrimi sonrasinda ise
dordiincii grubun gosterge tiri THYSAM, ikinci
grubun gosterge tiirii ABICIL olarak belirlenmistir.

iki indikatorlii iki yonlii gosterge analizinin ilk
ayrim seviyesi i¢in olusan iki grubun birinde 52
sayida, digerinde 51 sayida Ornekleme alani
bulunmaktadir. Ikili ayrim sonucunda birinci
grubun gosterge tliri ise EUPSPP olarak
belirlenmigtir. Daha asag1 seviyeden kesilen ikinci
seviyede dort grup ayrilmustir. Bunlardan ilk ikisi
ilk ayrimda ayrilan birinci grubun diger ikisi ise ilk
ayrimda ayrilan ikinci grubun alt gruplardir.
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Burada birinci grupta 15, ikinci grupta 37, ligiincii
grupta 39, dordiincii grupta ise 12 sayida
ornekleme alani ayrilmaktadir. Dortli grup ayrimi
sonrasinda ise ikinci grubun gosterge tiril
ABICIL, tugiincii grubun gosterge tiiri THYSAM,
dordiincli grubun gosterge tiiri ROSCAN olarak
belirlenmistir.

Ug indikatorlii iki yonlii gsterge analizinin ilk
ayrim seviyesi i¢in olusan iki grubun birinde 35
sayida, digerinde 68 sayida Ornekleme alani
bulunmaktadir. ikili ayrim sonucunda birinci
grubun gosterge tiirii ise BERVUL, JUNOXY,
EUPSPP olarak belirlenmigtir. Daha asagi
seviyeden kesilen ikinci seviyede dort grup
ayrilmistir. Bunlardan ilk ikisi ilk ayrimda ayrilan
birinci grubun diger ikisi ise ilk ayrimda ayrilan
ikinci grubun alt gruplardir. Burada birinci grupta
7, ikinci grupta 28, iiclincii grupta 46, dordiincii
grupta ise 22 sayida drnekleme alani ayrilmaktadir.
Dértli grup ayrimi sonrasinda ise birinci grubun
gosterge tlirli CISLAU, ikinci grubun gosterge tiirii
ABICIL, THYSAM, tiglincli grubun gosterge tiirii
LAUNOB, dordiincii grubun gosterge tiirii ise
ROSCAN olarak belirlenmistir.

Dort indikatorlii iki yonlii gosterge analizinin ilk
ayrim seviyesi i¢in olusan iki grubun birinde 35
sayida, digerinde 68 sayida Ornekleme alani
bulunmaktadir. ikili ayrim sonucunda birinci
grubun gosterge tiirii ise BERVUL, JUNOXY,
EUPSPP olarak belirlenmigtir. Daha asagi
seviyeden kesilen ikinci seviyede dort grup
ayrilmistir. Bunlardan ilk ikisi ilk ayrimda ayrilan
birinci grubun diger ikisi ise ilk ayrimda ayrilan
ikinci grubun alt gruplardir. Burada birinci grupta
7, ikinci grupta 28, iiclincii grupta 43, dordiinci
grupta ise 25 sayida ornekleme alani ayrilmaktadir.
Dortlit grup ayrimi sonrasinda ise birinci grubun
gosterge tiirli CISLAU, ikinci grubun gosterge tiirii
ABICIL, {igiincii grubun gosterge tiirit TEUPOL,
LAUNOB, THYSAM, dordiincii grubun gosterge
tiiri ise ROSCAN olarak belirlenmistir.

Bes indikatorlii iki yonli gdsterge analizinin ilk
ayrim seviyesi i¢in olusan iki grubun birinde 48
sayida, digerinde 55 sayida oOrnekleme alani
bulunmaktadir. ikili ayrim sonucunda birinci
grubun gosterge tiiri ise THYSAM, CIRARYV,
BERVUL, JUNOXY, EUPSPP olarak
belirlenmistir. Daha asag1 seviyeden kesilen ikinci
seviyede dort grup ayrilmistir. Bunlardan ilk ikisi
ilk ayrimda ayrilan birinci grubun diger ikisi ise ilk
ayrimda ayrilan ikinci grubun alt gruplardir.
Burada birinci grupta 12, ikinci grupta 36, {iglincii



Bilge International Journal of Science and Technology Research 2018, 2(1): 98-109

grupta 44, dordiincii grupta ise 11 sayida
ornekleme alan1 ayrilmaktadir (Sekil 6). Dortlii
grup ayrimi sonrasinda ise birinci grubun gosterge
tiri ROSCAN, QUECER, CISLAU, ikinci grubun
gosterge tiiri ABICIL, VERSPP, {igiincii grubun
gosterge tiiri ABICIL, LAUNOB, THYSAM,
dordiincli grubun gosterge tirii ise BERVUL,
ROSCAN olarak belirlenmistir.

MRPP analiz sonuglari Cizelge 3’de verilmistir.
Biitiin kesme seviyelerindeki ayirimlar igin T
degerleri (-29.38 ile -35.44) araliginda, A
degerleri (0.06 ile 0.68) araliginda degismektedir.
Ayrilan grup seviyelerinin ortalamalar1 da sekilde
siitiin  grafikte gosterilmistir (Sekil 4, Sekil 5).
Burada iki gruplu ayrimlarinin diger seviye
ayrimlarindan ~ daha  iyi  sonu¢  verdigi
goriilmektedir. Kiimeleme analizine gore iki yonli
gosterge analizinin daha uygun T ve A degerleri
icermektedir. Bu sebepten iki yonlii gosterge
analizinin ayirim gruplarina odaklanilmasina karar
verilmistir. Her indikator seviyesi i¢in yapilan iki
yonlii gosterge analizinin ikili gruplarina dikkat
verilmistir. Daha sonra her indikator sayisi icin tiir
gruplart incelenmeye baslanmistir. Bes indikator
ile siirlandirilmig iki yonlii gosterge analizinin
ekolojik anlamda daha anlamli  sonuglar
gosterdigine karar verilmistir. Bu sebepten bes
indikatorlii iki yonlii gosterge analizi ile bitki
tirlerinin gruplandirmasi yapilmis ve Sekil 6’ da
gosterilmistir.
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Cizelge 3. Gruplarin ayrim seviyeleri i¢in T, A ve
P degerleri

Gruplar T A p
kiimeleme 2 -31.7211  0.058680 O
kiimeleme 3 -29.3821  0.078724 O
kiimeleme 4 -32.8804  0.107194 O
kiimeleme 5 -30.6251  0.682980 O
tw_lind_2ayr -35.2825  0.065075 O
tw_lind_4ayr -33.0603 0.107483 O
tw_2ind_2ayr -35.2825  0.065075 0
tw_2ind_4ayr -32.9771  0.107328 O
tw_3ind_2ayr -32.9173  0.060852 O
tw_3ind_4ayr -30.9921  0.101762 O
tw_4ind_2ayr -32.9173 0.060852 O
tw_4ind_4ayr -30.9827 0.101663 0
tw_5ind_2ayr -35.4386  0.065368 0
tw_5ind 4ayr -32.4105 0.105915 O

-27

-28

29 -

30 -+

31

-32

-33

34 |

-35

Sekil 4. Ayrilan
degerleri

grup seviyelerinin ortalama T

0.12

0.1

0.08

0.06 -

0.04

0.02

0 -

2_sinif 3_sinif

4_sinif

5_sinif

MA

Sekil 5. Ayrilan grup seviyelerinin ortalama A
degerleri
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Sekil 6. Bes indikator iki ayrim ayrim gruplar igin iki yonli gosterge analizi sonuglari

4. Tartisma ve Sonuglar

Bu calisma Isparta Yenisarbademli ormanlik
alanlarinda odunsu vejetasyonun siniflandiriimasi
ve siniflandirilan gruplarin gosterge tiirlerini tespit
etmek amaciyla bitki toplumlarimin smiflandirmasi
icin, kiimeleme ve iki yonlii gosterge analizleri
yaptlmistir.  Gergeklestirilen ~MRPP  analizi
sonucunda en iyi ayrim, iki yonlii gosterge
analizinin bes indikatorli ikili grup ayrimu ile elde
edilmistir.

Iki yonlii gosterge analizinin bes indikatorlii
ayrimina ait analiz ¢iktisinda birinci  grup,
THYSAM, CIRARV, BERVUL, JUNOXY,
EUPSPP tiirleri ile ifade edilmektedir. S6z konusu
bu tiirler birinci grubu olusturan 52 &rnekleme
alaninin  pozitif =~ gosterge  tiirleri  olarak
tanimlanmaktadir. Bu tiirler ikinci grubu olusturan
51 ornekleme alan igin ise negatif gosterge
niteligindedir. Bes indikator ikili ayrim
incelendiginde gosterge tiirlerinin pozitif iligki
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gosterdigi birinci gruba dahil olan &rnekleme
alanlar1 ¢aligma  sahasimin  yiiksek  daglik
kesimlerinde, negatif iliski gosterdigi ikinci gruba
dahil olan 6rnekleme alanlari ise ¢aligma sahasimin
diistik yiikseltilerinde konumlandigi gériilmektedir.
Bu durumun sebebi olarak bitki toplumlarin
dagiliminda en onemli yetisme ortami faktoriiniin
yiikselti oldugu belirlenmistir. Benzer sekilde,
Akdeniz Bolgesi ve Goller bolgesinde daha
onceden yapilan c¢alismalarda Atalay (1987),
Kantarc1 (1991), Ozkan (2003b), Karatepe (2005),
Fontaine vd. (2007), Negiz (2009), Ozkan (2009)
tir dagillminda en Onemli yetisme ortami
faktoriiniin ~ yiikselti oldugunu belirtmislerdir.
Bilindigi iizere yoresel boyutta iklim ozellikleri
yiikseltiye bagli olarak degisim gostermektedir.
Ayrica iklim farkliliklar toprak ozelliklerinin de
degismesine sebep olarak gosterilmistir (Ozkan,
2004; Negiz, 2009).

Bunun yani sira gergeklestirilen Kiimeleme analizi
sonucunda elde edilen grup ayrimlarindan MRPP
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analizi ile dortlii ayrimm yorumlamak i¢in daha
uygun olduguna karar verilmistir. ~Kilimeleme
analizi dortli grup ayrimma gergeklestirilen
nitelikler arasi iliski analizi sonucunda; Onemli
gosterge tiirleri sirasi ile birinci grupta CISLAU ve
ROSCAN, ikinci grupta CISLAU, EUPSPP,
JUNEXC, LAUNOB, POPTRE ve THYSAM
olarak belirlenmistir. U¢ ayrim grubunda CISLAU,
EUPSPP, JUNOXY, ROSCAN ve VERSPP olarak
ayrilirken, dort aynim grubunda SAMEBU ve
ABICIL olmustur. Burada da iki yonlii gosterge
analizinin gosterge tiirlerine benzer bir tespit
goriilmektedir.  Dolayisiyla  bitki  tiirlerinin
dagilimida en 6nemli yetigme ortami faktoriintin
yiikselti oldugu nitelikler arasi iligki analizi ile de
ortaya konulmustur.

Ozetle; vejetasyon siniflandirmasinda daha giincel
ve etkili bir yontem olmasi, ayrica MRPP
analizleri ile de en uygun ayrimlari sunmasi
sebebiyle iki  yonlii  gosterge  analizinin
kullanilabilecegini sdylemek yanlis olmayacaktir.
S6z konusu bu yontem gosterge tiirlerini de tespit
ettigi icin kiimeleme analizinde uygulandigi gibi
ayrt bir gosterge analizi uygulamaya gerek
duyulmamaktadir. Bu sebeple bitki toplumlarinin
siniflandirilmasinda  daha sade ve anlagilir
sonuglarm iki yonli gosterge analizi ile elde
edilebilecegi sdylenebilir (Negiz, 2009).

Bu g¢alismada  elde edilen  vejetasyon
siniflandirmasi gelecekte ayni alanda yapilacak
olan vejetasyon siniflandirmasi ve haritalanmasi
calismalari sayesinde geemis-bugiin
kiyaslanmasinin  yapilabilmesini  saglayacagi,
ayrica gosterge tiirlerin tespit edilmesi sayesinde
tirlerin potansiyel yayilis alanlarinin belirlenmesi
acisindan 6nem arz etmektedir. Calismada elde
edilen bilgilerin ileride yapilacak vejetasyon
dagilim haritalamas1 ve potansiyel dagilim
modellemelerine katki saglayacagi diisiilmektedir.
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Wildlife Diversity in Reed Beds Around Beysehir Lake

Ahmet Mert!*, Ahmet Acarer!

Abstract: This study was carried out to reveal the relation between species diversity calculated by species
number data of some mammals and reed beds in northwest of Beysehir Lake. The study area, which is
approximately 1875 ha, is divided into a total of 75 grids measuring 500 x 500 m size. Sign, faeces and tracks
of wild mammals were recorded for each grid in the spring and autumn of 2016. Indications of nine wild
mammal were detected in 172 points in spring and 290 points in autumn (Jungle cat, Lynx, Wolf, Fox,
Coyote, Wild boar, Wild hare, Badger and Beech marten).The Shannon-Wiener diversity index was
calculated for each grid using the species number data obtained for spring and autumn. According to the
Shannon-Wiener diversity index calculation results, the mapping process was performed by inputting the
calculated value of the grid. The total of the data from two period is used in the Shannon-Wiener diversity
map of the all area. Shannon-Wiener diversity of all mammals was obtained as Ht:1,581. When compared to
the seasons, this value was calculated as Hi=1,418 in spring and Hs=1,56 in autumn.

Keywords: Biodiversity, Reed beds, Shannon-Wiener diversity index, Wildlife.

Beysehir Golu Cevresindeki Sazlik Alanlarin Yaban Hayati
Cesitliligi

Ozet: Bu calisma Beysehir Goli'niin kuzeybatisinda bulunan sazlik alanlar ile bazi memeli yaban
hayvanlarinin birey sayilartyla hesaplanan tiir ¢esitliligi arasindaki iliskilerin ortaya koyulmasi amaciyla
gergeklestirilmistir. Yaklasik 1875 ha olan ¢aligma alan1 500 x 500 m biyiikliigiinde toplam 75 hiicreye
ayrilmigtir. 2016 yilinin ilkbahar ve sonbahar aylarinda, ¢aligma alani i¢in olusturulan her bir hiicreye
gidilerek memeli yaban hayvanlarina ait iz, diski ve belirti taramasi yapilmigtir. Envanter sonuglarina gore
ilkbahar doneminde 172 noktada, sonbahar doneminde ise 290 noktada 9 farkli (Saz kedisi, Vasak, Kurt,
Tilki, Cakal, Yaban domuzu, Yaban tavsani, Kaya sansar1 ve Porsuk) memeli yaban hayvanina ait belirti
tespit edilmistir. Ilkbahar ve sonbahar dénemleri icin elde edilen birey sayilar1 kullamlarak her bir hiicre igin
Shannon-Wiener indisi ile ¢esitlilik hesaplanmis ve ait oldugu hiicreye hesaplanan deger girilerek haritalama
islemi gerceklestirilmigtir. Tim alana ait cesitlilik haritasi icinde iki doneme ait verilerin toplami
kullanilmistir. Toplam memeli yaban hayvani tiir ¢esitliligi Hr:1,581 olarak elde edilirken mevsimlere gore
kiyaslandiginda ilkbahar déneminde bu deger Hi=1,418 olarak, sonbahar doneminde ise Hs=1,56 olarak
hesaplanmuistir.

Anahtar Kelimeler: Biyogesitlilik, Sazlik alanlar, Shannon-Wiener ¢esitlilik indeksi, Yaban hayati.

1. Giris Gosselink, 2000). Bir yerin sulak alan olarak ifade

edilmesini saglayan en belirgin 6zellik, toprak iistii
Giintimiizde sazlik veya bataklik olarak ifade veya topragin alt tabaksinin belirli zaman
edilen sulak alanlar, ekolojik g¢esitlilik agisindan araliginda suya doygun olmasi ya da suyla kaph
tropik ormanlarla beraber yeryiiziiniin en fazla olmasidir (Cowardin vd., 1979). Sulak alanlar
organik madde ireten ekosistemlerindendir ekosistemler arast gecis bolgesi olusturmakta ve
(Williams, 1990; Gormez, 1997; Mitsch ve ¢evresinde bulunan sazlik alanlar sayesinde yaban
1Siileyman Demirel Universitesi, Orman Fakiiltesi, 32260, Isparta, Citation (Atif): Mert, A., Acarer A. (2018). Wildlife Diversity in Reed
Tiirkiye. ) beds Around Beysehir Lake. Bilge International Journal of Science and
*Corresponding author (Iletisim yazari): ahmetmert@sdu.edu.tr Technology Research, 2 (1): 110-119.
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hayvani tiir ¢esitliligi agisindan zengin alanlar
olarak tanimlanmaktadir (Batzer ve Wissinger,
1996). Ayrica sazlik alanlar bulundugu ortama
gore farkli bitki kombinasyonlari (niliifer, semsiye
otu, siisenler vb.) olusturabilmektedir
(Giizelmansur, 2000). Bu nedenle biyolojik
cesitlilige katki saglayan sazlik alanlar, ¢evresinde
bulunan hem flora hem de fauna i¢in yagsam ortami
saglamaktadir (Katip ve Karaer 2011, Lai vd.,,
2012).

Bu baglamda biyolojik cesitlilik denilince akla;
dogal ortamlarinda birbirleriyle iliski igerisinde
bulunan organizmalarin ¢esitliligi gelmektedir. Bu
cesitlilik yaklasik olarak 15 milyon civarindaki
mantar, mikroorganizma, bitki ve yaban hayvan
tirlerinden olusmaktadir (Primack, 1995; Mayer,
1995). Dogal ekosistemler igerisinde yer alan kus
ve memeli yaban hayvan tiirlerinin biyolojik
cesitlilige katki sagladigi agik bir sekilde ortadadir
(Brooks, 2001, Bibby ve Lunn, 1992). Tirkiye
mevcut cografi konumu sayesinde bitki veya
hayvan tiir cesitliligi bakimindan son derece
zengin bir lilke konumundadir. Sahip olunan bu
zenginligi korumak i¢in iilkemiz 1992 yilinda
imzalamis oldugu “Biyolojik Cesitlilik
Sozlesmesi’ne” taraf olup biyolojik kaynaklarin
kiiresel oOlgekte korunup muhafaza edilmesine
destek vermistir (Glines, 2011).

Biyolojik Cesitlilik Soézlesmesi’nde yer alan
maddelerin uygulanabilmesi amaciyla basta yaban
hayati1  iizerine bircok koruma  ¢alismasi
yapilmaktadir. Fakat yapilan biitiin yaban hayati
koruma c¢aligmalarina ragmen onemli bir basari
saglanamamigtir (Heywood, 1995; Karagoz, 1998).
Koruma c¢alismalarinda basarili olabilmek igin
korunan sahanin  Ozelliklerinin  ve  burada
yasamlarini siirdiiren yaban hayvanlarinin habitat
isteklerinin ortaya koyulmasi gerekmektedir (Orug
vd., 2017). Yaban hayvanlarinin dagilimin
etkileyecek tiim faktorler ile tiirlerin habitat
istekleri gbdz Oniline alinarak yapilacak olan
planlarmn daha iyi sonuglar verecegi ortadadir. Bu
bilgiler dahilinde {iretilecek haritalar koruma
caligmalarinin  izlenmesi ve siirdiiriilebilirligi
acisindan olduk¢a oOnemlidir. Olusturulacak olan
haritalar yaban hayvanlarmin tercih ettigi, tiir
cesitliliginin yiiksek veya diisiik oldugu alanlari
gorsel bir sekilde ortaya koymasi agisindan
kullanicilara  daha  kolay izleme imkani
saglayacaktir.

Dogal ekosistemlerdeki tiir cesitliligini sayisal
degerlerle ifade etmek igin farkli indeksler
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kullanilmaktadir (Warwick ve Clarke, 1995;
Desrochers ve Anand, 2004; Ozkan, 2016). Orek
alan bazinda tiir zenginligini ve yogunlugunu alfa
cesitliligi ifade etmektedir. Alfa cesitliligini
belirlemek igin birgok indeks kullanilirken, habitat
tiir cesitliligini belirlemek i¢in yaygin olarak
bunlar igerisinde Shannon-Wiener indeksi tercih
edilmektedir (Aslan, 2008). Yapilan caligmalar
incelendiginde  ise; kus tir  gesitliligini,
zenginligini, bollugunu ve habitat tercihlerini ya da
bazi kiigik memeli (fareler) tiir g¢esitliligini
belirlemek  i¢in  Shannon-Wiener  ¢esitlilik
indeksinin olduk¢a yaygm kullanildigmi gérmek
miimkiindiir (Sullivan vd., 1998; Semere ve Slater,
2007; Aksan ve Mert, 2016; Bibi ve Ali, 2013;
Mert ve Yalcinkaya, 2016). Ayrica diger iri ciisseli
memeli yaban hayvan tiirlerinin  habitat
karmagikliginin yapilandirilmasi iginde Shannon-
Wiener ¢esitlilik indeksini kullanan ¢aligmalara da
rastlanmaktadir (August, 1983).

Yapilan bu caligmada yukarida bahsedilenlerden
farkli olarak; Beysehir Goli’niin  kuzeybati
kisimlarinda bulunan sazlik alanlar ile bazt memeli
yaban hayvanlarinin birey sayilarindan hesaplanan
tir gesitliligi iliskileri arastirilmistir. Envanterler
sonucu elde edilen yaban hayvanlarina ait var
verileri kullanilarak 500 x 500 m (25 ha)
blyilikligiindeki hiicreler igerisindeki memeli
yaban hayvan tiirlerinin Shannon-Wiener gesitlilik
indeksi hesaplanmis olup, elde edilen veriler ile
son asamada alandaki yaban hayati cesitliligi
haritalandirilmstir.

2. Materyal ve Yontem
2.1. Calisma Alani

Sazlik alanlar birgok memeli yaban hayvani ve kus
tirlerine beslenme, barinma ve ilireme ortami
saglamaktir. Bu acidan bakildigindan sazlik alanlar
yaban hayvant tir dagilimini izerinde etkili
olabileceginden ¢aligma alani; sazliklarin yogun,
seyrek ve hi¢ olmayan bdolgelerinin rahatca ayirt
edilebilecegi Beysehir Golii’niin kuzey bati kismi
olarak  belirlenmistir. ~ Beysehir  yoresinde
gergeklestirilen caligma alant yaklagik 1875 ha
olup, yikseltisi 1125 - 1355 m arasinda
degiskenlik gostermektedir (Sekil 1).
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Sekil 1. Calisma alanina ait yer bulduru haritasi

Caligsma alanmi genel olarak Beysehir Gol siniri ile
ulasim yolu arasinda kalmakta olup, bu alan
icerisinde yayilis gosteren yaban hayvan tiirlerini
belirlemek amaciyla var-yok taramasi
gergeklestirilmistir. Arazi g¢aligmalarma ulagim
yolunun diger tarafinin dahil edilmeme nedeni ise,
burada bulunan arazi sekli ve vejetasyonun tiir
dagiliminda etkili olacagi ve buradaki tiir
dagiliminin sazlik alan kullanimini yansitmayacagi
diisiincesidir. Yaban hayvan tiirlerini belirlemek
amactyla kullanilan var-yok taramas ile tiirlere ait
ayak izi, diski ve belirtiler fotograflanarak daha
onceki literatiir ¢alismalar1 kapsaminda bu
verilerin hangi tiire ait oldugu yoniindeki teshis
islemleri gergeklestirilmistir. Daha sonra yaban
hayvanlarina ait elde edilen var verilerinin (iz,
digki ve belirtilerin) koordinatlari GPS yardimiyla
alinarak kay1t edilmistir.

Caligmanin  yapildigi alanin  Akdeniz ve I¢
Anadolu iklimi arasinda olmasi nedeniyle sert bir
iklime sahip oldugunu sdylemek miimkiindiir. Bu
nedenle kis aylarinda bazi memeli yaban
hayvanlar1  yasamlarmi  siirdiirebilmek  igin
karbonhidrat, protein, vitamin ve mineral
ihtiyaclarim1  karsilamak zorundadir. Bu gibi
besinleri karsilayabilmesi i¢in tabiaten etgil tiir bile
olsalar bazi mevsimlerde otsu bitkilere
yonelmektedir (Ogurlu, 2001; Saatgioglu 1970).
Etcil yaban hayvan tiirlerinin  mevsimsel
degisiklikler neticesinde otsu bitkilere yonelmesi
ya da besin ihtiyaglarin1 karsilamada zorlandiklar
icin bu durum yaban hayvanlarinin habitat
tercihlerinde etkili olmaktadir. Ayn1 zamanda yaz
aylarinda sulak alanlarda bulunan saz kesimi ya da
su seviyesinin azalmasi nedeniyle bazi sazlik
alanlar azalmakta ya da yok olmaktadir. Bazi
memeli yaban hayvanlarmin da temel besin
ihtiyaclarmi karsilamak igin yerlesim yerlerinden
uzak ormanlik alanlari, tarim alanlar1 ve bahgelik

alanlari  tercih  ettikleri literatiirde  ifade
edilmektedir (Virgos vd., 2010). Bu nedenlerden
dolay1 c¢alisma alani igerisinde; kis aylarinda
goriilen dondurucu soguk ve agir1 kar yagislari, yaz
aylarinda goriillen asir1 sicaklik ya da kuraklik
nedeniyle yaz ve kis mevsimlerinde arazi
¢alismalar1 gergeklestirilmemistir.

Iki mevsim boyunca gerceklesen (ilkbahar ve
sonbahar) arazi ¢aligmalarin tamamlanmasinin
ardindan, c¢alismada ilk olarak memeli yaban
hayvanlar1 tarafindan c¢aligma alaninin hangi
bolgelerinin daha fazla tercih edildigi tespit
edilmeye calisilmistir. Bunun i¢in envanter
calismas1 olarak, Beysehir Gol smnirmma 50’ser
metre araliklar ile transektler ve transketler lizerine
de 50’ser metre ara ile 114 cm yarigapl plotlar
atilmigtir (Stiel, 2014). Daha sonra her bir plota
gidilerek karsilasilan yaban hayvanlarna ait iz,
disk1 ve belirtilerin koordinatlar1 arazi karnelerine
kaydedilmis ve sayisal ortama aktarilmistir.
Caligmanin ikinci asamasinda yaban hayvanlarina
ait var verilerinin sayisal ortama aktarilmasi
sonucunda; alan igerisinde yaban hayvan tiir
dagiliminin  haritalanmast i¢in ¢alisma alani
ArcGIS 10.2 yazilimi igerisindeki Create Fishnet
eklentisi ile habitat bollugu ve mekansal
konfigilirasyonunun bilgisine dayanilarak
Heikkinen vd., (2004) tarafindan 6nerilen 500 x
500 m biyikligiindeki hiicrelere ayrilmistir (Sekil
2).

Beysehir ‘
Golii

Sekil 2. Caligma alanmna ait 500 x 500 m
biiyiikligiindeki hiicre sebekesi
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Plotlar icerisinde tespit edilen yaban hayvanlarma
ait veriler ait olduklari hiicrelerde birlestirilmistir.
Boylelikle hangi hiicrede kag tiir ve bu tiirlere ait
kag birey oldugu belirlenmistir. Daha sonra ise 500
x 500 m biytikliigiindeki hiicreler igerisinde tiir
cesitliligi ve birey sayilarina gore Shannon-Wiener
indeksi hesaplanmistir. Shannon- Wiener ¢esitlilik
indeksi;

H = —Z{Piln(Pi)}

formiili ile hesaplanmistir. Formiilde ilk olarak
tiirlerin oransal degerlerin “In” degerleri hesaplanir
ve bu deger alan igerisindeki tiir sayilart ile
carpilmaktadir. Bu islem alan igerisindeki biitiin
tirlerin kendilerine ait olan tiir sayilari ile
carpilarak tekrarlanmaktadir. Daha sonra tiirlerin
kendine ait degerlerinin toplamlarmmin negatif
carpim degeri alindiginda Shannon-Wienner (H)
degerini vermektedir (Shannon ve Weaver, 1949;
Giilsoy ve Ozkan, 2008, Ozkan 2016). Shannon-
Wienner indeks degerleri dogrultusunda g¢alisma
alani igerisinde tiir zenginligi ile tiirler arasinda
birey sayilarmm nasil  dagilim  gosterdigi
haritalandirilmistir.  Haritalandirma  iglemi  iki
mevsim (ilkbahar ve sonbahar) ve toplam olmak
iizere ¢ farkli sekilde gergeklestirilmistir.

3. Bulgular

Calisma alani igerisinde yliriitiilen 6n ¢aligmalar ve
aragtirmalar ~ kapsaminda; memeli yaban
hayvanlarina ait iz, digki, 6lii birey ve belirtilerden
hareketle var-yok taramasi gergeklestirilmistir.
Sahada karsilasilan iz, diski ve belirtiler Elbroch’e
(2003) gore belirtilen esaslar kapsaminda teshis
edilmigtir. Elde edilen teshis sonuclarina gore
caligma alani igerisinde Saz kedisi (Felis chaus
L.),Vasak (Lynx Lynx L.), Kurt (Canis lupus L.),
Tilki (Vulpes vulpes L.), Cakal (Canis aureus L.),
Yaban domuzu (Sus scrofa L.), Yaban tavsam
(Lepus europaeus L.), Kaya sansar1 (Martes foina
L.) ve Porsuk (Meles meles L.) tespit edilmistir.

Toplam olarak 462 plotta memeli yaban
hayvanlarina ait ayak izi, digki, kemik ve oli
bireylere  rastlanmistir.  Tir bazli  olarak
bakildiginda ise; 141 plotta Tilki, 126 plotta Yaban
domuzu, 68 plotta Kaya sansari, 59 plotta Cakal,
22 plotta Saz kedisi, 15 plotta Yaban tavsani, 12
plotta Porsuk, 10 plotta Vasak, 9 plotta Kurt tiirine
ait belirtiler kayit altina alinmustir.
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Yaban hayvanlarinin habitat tercihlerindeki ana
unsurlarin mekan, besin, oOrtii ve su oldugu
bilinmektedir (Van Horne, 1983; Ogurlu, 2001).
Yaban hayvanlarinin nereleri hangi amacla tercih
ettiklerinin bilinmesi bu hayvanlarin korunmasi
acgisindan 6nemli bir bilgi kaynagidir. Bu nedenle
calisma alani igerisinde ilkbahar ve sonbahar
aylarinda yapilmis olan envanter sonuglarina gore
Shannon-Wiener indeks haritalar1 olusturulmustur.
Ayrica alan igerisinde tespit edilen tiim tiirlerin
ortak kullanim alanlarini tespit etmek amaciyla
toplam iki mevsimin Shannon-Wiener indeks
haritasi da olusturulmustur. Shannon-Wiener
cesitlilik indekslerine gore ilkbahar (Hi=1,418),
sonbahar (Hs=1,56) ve toplam (Ht=1,581) olarak
belirlenmistir.
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Sekil 3. ilkbahar aylarma ait Shannon-Wiener
¢esitlilik indeks haritalamasi

Sekil 3 incelendiginde ilkbahar aylarinda tespit
edilen memeli yaban hayvan tiirlerinin Shannon-
Wiener indeks haritas1 goriilmektedir. Ilkbahar
aylarinda tespit edilen yaban hayvan tirlerinin
Shannon-Wiener ¢esitlilik indeks degeri toplam
Hi=1,418 olarak hesaplanmistir. Ayni zamanda
olusturulan Shannon-Wiener indeks haritasina gére
yaban hayvan tiir dagilimimin 3 bolgede (kirmizi
ve turuncu alanlar) yogunlastigi goriilmektedir.
Yogunlastigi li¢ bolgenin ortak noktasinin ise
yogun sazlik alanlar oldugu haritada belirlenmistir.
Bunun yaninda yaban hayvan tir dagilimmin
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calisma alani icerisinde bulunan seyrek sazlik alan
cevresinde yogunlastig1 da goriilmektedir.
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Sekil 4. Sonbahar aylarina ait Shannon-Wiener
cesitlilik indeks haritalamasi

Sekil 4 incelendiginde sonbahar aylarinda tespit
edilen memeli yaban hayvan tiirlerinin Shannon-
Wiener ¢esitlilik indeks haritast goriilmektedir.
Elde edilen gesitlilik haritalamasina gore; sonbahar
aylarinda tespit edilen yaban hayvan tiirlerinin
Shannon-Wiener gesitlilik indeks degeri toplam
(Hs=1,56) ve ilkbahar aylarina gore daha yiiksek
oldugu goriilmektedir. Sonbahar Shannon-Wiener
cesitlilik indeks haritasina gdre calisma alam
icerisinde bulunan yaban hayvan g¢esitliliginin
yogun  sazlik  alanlarda  yiiksek  ¢iktig1
goriilmektedir.
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Sekil 5. Caligma alanmi1 igerisinde tespit edilen
tirlere ait toplam Shannon-Wiener g¢esitlilik
haritalamasi

Sekil 5 incelendiginde ¢alisma alani icerisinde iki
mevsim boyunca tespit edilen tiim tiirlerin verileri
kullanilarak Shannon-Wiener ¢esitlilik indeksi
hesaplanmustir. Shannon-Wiener cesitlilik
hesaplamalarina gdre alandaki yaban hayvan
tirlerinin ~ hangi  alanlarda  yogunlastiklarini
belirlemek amaciyla cesitlilik haritasi
olusturulmustur. Tespit edilen biitiin yaban hayvan
tirlerinin en yiiksek Shannon-Wiener c¢esitlilik
indeks degerinin toplam HT=1,581 oldugu
goriilmektedir. Haritaya gore c¢alisma alani
icerisinde bulunan yaban hayvan tiirlerinin yogun
sazlik alan ¢evresinde yogunlastigi goziikmektedir.
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Sekil 6. Hiicrelerin mevsimlere gore cesitlilik
indeks degerleri ve Beysehir Gol sinirina ait arazi
kullanim siniflart a)ilkbahar aylar1 b)Sonbahar
aylar1 ¢c)Toplam aylar

Sekil 6 incelediginde caligma alanina ait arazi
kullanim sinifi haritas1 goziikkmektedir. Sekilde
memeli yaban hayvami tiirlerinin arazi kullanim
siniflarinin  ilkbahar ve sonbahar aylar1 igin
hesaplanan  Shannon-Wiener g¢esitlilik  indeks
sonuglarmin karsilastirildign  goriilmektedir. Bu
kargilagtirmaya gore; calisma alani igerisinde
bulunan yogun sazlik alan, meyve bahgeleri ve
tarim alan1 ¢evresinde ilkbahar aylarina gore
sonbahar  aylarinda daha  yiiksek  ¢iktig
goriilmektedir. Ayrica alan igerisinde bulunan dik
yamacl kayalik alanlarin ilkbahar aylarinda ve
sonbahar aylarinda yaban hayvan tiir ¢esitliligine
negatif etki olusturdugu agik bir sekilde haritada
goriilmektedir. Ilkbahar ve sonbahar aylarma ait
toplam iki harita gakistirilip toplam aylara ait
renklendirmede sekilde gosterilmektedir.

4. Tartisma ve Sonuglar

Bu calisma Beysehir Golii'ndeki sazlik alanlar ile

bazti memeli yaban hayvanlarmin  birey
sayilarindan hesaplanan tiir cesitliligi arasindaki
iligkileri ortaya koymak amaciyla

gergeklestirilmigtir. Bunun i¢in memeli yaban
hayvanlarina ait iz, diski ve belirti taramasi
yapilmis ve ilkbahar aylarinda toplam 172 noktada
ve sonbahar aylarinda ise 290 noktada 9 farkli
memeli yaban hayvanma ait belirtiler tespit
edilmigtir.  Shannon-Wiener ¢esitlilik  indeks
hesaplamalari sonucuna gore ¢aligma alani
igerisinde bulunan ilkbahar ve sonbahar aylarinda
yaban hayvan tiir dagilimlari haritalandirilmstir.
Haritalandirma  islemi  sonucunda  Beysehir
Goli’nlin kuzeybatt kisimlarinda bulunan sazlik
alanlarm  bazi memeli yaban hayvanlar tiir
dagiliminin iizerinde etkili oldugu sonucuna
varilmistir.
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Arazi ¢alismalar sirasinda ¢aligma alani igerisinde
bulunan sazlik alanlarin memeli yaban hayvanlar
tarafindan kullanimi etkileyebilecek bazi olumlu
veya olumsuz durumlara bakildiginda; sahadaki
bazi sazlik alanlarin memeli yaban hayvan
tirlerine ev  sahipligi yapacak yogunlukta
olmamasi, bazi balik tiirlerinin yogun sazlik
alanlar1  tercih  ettikleri  diisiincesiyle olta
balik¢ilarin seyrek sazlik ¢evresinde yogunlagsmasi
ve ulasim yolunun bazi sazlik alanlarin ¢ok
yakiindan ge¢mesi yaban hayvanlarinin sazlik
alanlar1 kullanimini olumsuz yonde etkileyen
baslica nedenler olarak goriilmiistir. Olumlu
yonde etkileyebilecek durumlar ise; yogun
sazliklarin ¢evresinde olta balik¢ilarinin oltalarmin
takilmasi sonucu bu alanlarin tercih edilmemesi ve
yoredeki insanlar tarafindan “¢im sazani” olarak
isimlendirilen baliklarin balik¢ilar tarafindan tercih
edilmemesi ve sayilarinin azalmasi i¢in yakalanan
bu baliklarin gol kenarna atilmasi sonucu ortaya
¢ikan kolay besin temini seklindedir.

Bazi memeli yaban hayvan tiirleri i¢in kolay besin
ihtiyac1 saglayan sazlik alanlar icerisinde bocek,
balik, amfibi ve siiringen gibi hayvan tiirleri
barmdirmaktadir (Turan, 1990; Nishujima ve
Nakata, 2004). Ayrica sazlik alanlarin yogun
oldugu yerler goemen kus tiirlerine ev sahipligi
yapmakta ve yaban hayvan tirleri i¢in besin
tercihinde etkili olmaktadir (Kiziroglu, 1987;
Emerton vd., 2006; Dudley vd., 2005). Ancak
sulak alan ¢evresinde bulunan sazlik alanlar yaban
hayatina sagladig1r faydalarm yaninda ekonomik
acidan bakildiginda etrafinda yasayan insanlar
ekonomik fayda saglamasma ragmen hakkettigi
degeri gorememektedir. Bu nedenle sazlik
alanlarin korunmasi ve gelistirilmesi bakimindan
Oonemini ortaya koymak amaciyla gergeklestirilen
calismada sazlik alanlarin degisik mevsimlerde
yaban hayvanlar1 tlizerindeki etkisi arastirilmustir.
Bunun i¢in ¢aligma alani igerisinde tespit edilen
memeli yaban hayvanlarmin tiir bazinda biyolojik
cesitlilige katkisina bakildiginda, ilkbahar ve
sonbahar aylarinda Kaya sansari, Yaban domuzu,
Tilki ve Cakal’in iki mevsimde de ayni alanlar
icerisinde bulundugu ve bu nedenle mevsimler
arast beta cesitliligi bakimindan bir fark
olugturmadig1 tespit edilmistir. Saz kedisi, Kurt,
Vagak ve Yaban tavsaninin sonbahar aylarinda
tespit edilmesi sonucunda mevsimler arasi beta
cesitliligine pozitif katki yaptiklart belirlenmistir.
Bunun yaninda Porsuk tiiriiniin ise ilkbahar
aylarindaki mevsimler arasi beta gesitliligine en az
katk1 sagladig1 sonucuna varilmistir.
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Bazi memeli yaban hayvan tiirlerinin biyolojik
cesitlilige katkis1 tizerine yapilmis olan ¢aligsmalar
incelendiginde; Yaban domuzunun habitat
tercihinde en fazla orman i¢i acgikliklarinin
(Thurfjell vd., 2009), meyve bahgelerinin, sulak
alanlarm ve sazlik alanlarin 6n plana ¢iktig
goriilmektedir. Ayrica kayalik alanlarda devamli
bir vejetasyon olmadig1 igin bdylesi alanlar1 yaban
domuzlarimin tercih etmedigi ifade edilmektedir
(Kiigiik ve Ikiz, 2004). Tiiriin besin gereksinimini
dogal ortamlardan karsilayamadig1 zaman yerlesim
yerlerine yakin tarim alanlarina  yoneldigi
belirtilmistir  (Cengiz vd., 2016). Yapmis
oldugumuz ¢aligmada da tiiriin her mevsim alanda
bulundugu i¢in biyolojik ¢esitlilik bakimindan bir
fark olusturmadigi goriilmiigtiir. Ayrica benzer
ozelliklere sahip olan Tilki i¢in mevsimsel
farkliligmm  tiir {zerinde etki olusturmadigi
belirlenmistir. Buna gore Cavallini ve Lovari
(1994), g¢alismalarinda Tilki’nin daha ¢ok sulak ve
nemli bolgelerdeki makilik, ¢imenlik, ¢ayirhk
alanlar1 kullandigini ifade etmislerdir. Ayrica tiiriin
sulak alan ve gevresindeki siirlingen, kus, ordek
gibi canlilarla beslediklerini belirtmislerdir. Yigit
vd. (1996), Kaya sansari’nin genellikle yerlesim
yerlerine yakin olan bdlgeleri, ¢cok fazla agaglik
olmayan orman kenarlarini, bahgelik yerleri, kaya
kovuklarimi ve daglarin yiiksek kesimlerini habitat
olarak tercih ettigini belirtmiglerdir. Ayrica Colak
vd. (1997), calismalarinda Tirkiye’nin degisik
bolgelerinden dokuz Kaya sansarinin morfolojik
karakterlerini, yayilisini, beslenmelerini ve habitat
tercihlerini daha Once yaymlanmis makalelerle
uygunlugunu karsilagtirmislardir.  Tiirtin - farkli
bolgelerde sadece morfolojik agidan degisiklik
gosterdigi sonucuna varmuglardir. Bu gerekgeyle,
yapmis oldugumuz caligmada ise tiirtin habitat
tercihinde mevsimsel farkliligin olumsuz bir etki
etmedigi sonucuna varilmistir. Ayrica yapmis
oldugumuz calismamizda Kaya sansari tiiriiniin
ilkbahar ve sonbahar aylarinda alan igerisinde
bulundugu  goriilmektedir.  Literatiire  gdre;
Korschgen (1957)’de, Cakal tiirliniin habitat
olarak; yerlesim yerlerine yakin, yiikseltisi fazla
olmayan alanlarda yagsamini siirdiirerek buralardaki
kiimes hayvanlarini, fareleri ve tavsanlar yiyerek
beslendiklerini  belirlemistir.  Diger  yandan
yerlesim yerlerine uzak olan tarim arazileri ya da
meyve bahgelerini de beslenme amaciyla tercih
ettigini ifade etmistir. Buna gore alan igerisinde
ilkbahar ve sonbahar aylarinda tiir korunmayan
meyve bahceleri ya da tarim alanlarinin olmasi
nedeniyle mevsimsel farkliligin tiir {izerinde
negatif etki olusturmagi sonucuna varilmistir.
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Calismamizda ise alan igerisinde bulunan sazlik
alanlarmn tiir i¢in barinmak ya da beslenmek icin
yeterli yogunlukta olmamasi neticesinde ilkbahar
aylarinda Saz  kedisi tir  yogunlugunun
goriilmedigi belirlenmistir. Fakat caligma alani
igerisinde sonbahar aylarinda bulunan yogun sazlik
alanlar sayesinde Saz kedisinin habitat tercihini
olusturdugu i¢in tiirlin bu aylarda biyolojik
cesitlilige katki sagladigi sonucuna varilmistir.
Literatiire gore; Majumder vd. (2011), yapmis
olduklar1 c¢aligmada Saz kedisi tiirinin hangi
alanlarda yogunlastigini bulmay1 amaclamslardir.
Saz kedisinin egimli olmayan arazileri, sulak
alanlari, yogun sazlik alanlar1 ve orman ici
acikliklar1  tercih ettigini  gdzlemislerdir. Bu
alanlarda yasayan kemirgen, balik ve kus gibi
hayvanlar1 besin olarak tercih ettiklerini tespit
etmislerdir. Sonug olarak, bu tiiriin besin tercihine
bu aylarda maksimum katkiy1 kiigiik kemirgenlerin
sagladigin belirlemislerdir. Bu gerekgeyle yapmis
oldugumuz  ¢alisma literatiirle  uyumluluk
gostermektedir. Ayrica ilkbahar aylarinda Vasak
tiriiniin alanda tespit edilmemesi ve sonbahar
aylarinda alana gelmesi neticesinde tiiriin sonbahar
aylarinda Dbiyolojik cesitlilige katki sagladigi
acikca ortadadir. Buna gore Major ve Sherburne
(1987)’nin  Vagak tilirliniin  habitat tercihini
belirlemek amaciyla yapmis oldugu ¢aligmada
tiirlin sonbahar aylarinda daha ¢ok igne yaprakli
ormanlar1 ve sulak alan cevrelerini tercih ettigini
bu alanlardaki tavsan, kus ve 6rdek gibi hayvanlar
ile beslendiklerini ifade etmislerdir. Ilkbahar
aylarinda c¢alisma alaninda asir1 bir kuraklik
goriilmediginden dolayr Yaban tavsani tiiriiniin bu
aylarda  ¢aliyma  alanin1  tercih  etmedigi
belirlenmistir. Fakat sonbahar aylarinda c¢aligma
alaninda olusan kuraklik neticesinde tiiriin alani
ziyaret etmesi sonucunda biyolojik ¢esitlilige katki
sagladigr sonucuna varilmigtir. Literatiire gore;
Carro vd., 2011°de yapmus olduklari c¢alismada
Yaban tavsaninin nemli mevsimlerde daglarin
yiiksek rakimlarina ulastigini belirtmislerdir. Buna
karsilik olarak kurak mevsimlerde ise tiiriin
beslenmesini  diisiik rakimlardaki O6nemli bir
kismimi bataklik veya sazlik alanlarda olusan otsu
bitkilerin olusturdugu ifade etmislerdir. Bu
gerekgeyle  yapmis  oldugumuz  g¢alismanin
literatiire uyumlu oldugu goriilmektedir. Ayrica
yapmis oldugumuz caligmada Kurt tiiriiniin alan
icerisinde sonbahar aylarinda tespit edilmesi
sonucunda biyolojik ¢esitlilige katki sagladig
sonucuna vartlmugtir. Literatiire gore; Jedrzejewski
vd. (2001), yapmis olduklar1 ¢aligmalarinda
Kurt’un giinliik hareket sekillerini ve bulunduklari
alanlart  kullanom  nedenlerini  belirlemeyi
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amaclamiglardir. Caligma alani igerisinde Kurt’un
yiyecek bulma, saklanma ve su ihtiyacinm
karsgilamak i¢in yaklagik 27 km’lik bir mesafeyi
kat ettigini ve bu ihtiyaglart igin yiiksek oranda
sazlik bolgelerden faydalandigini  belirtmistir.
Ayrica Vos (2000)’da g¢alismasinda Kurt tiiriiniin
sonbahar aylarinda kolay besin ihtiyacini yiiksek
rakimlardan karsilayamadigi igin diisiik rakimlarda
bulunan sazlik veya bataklik alanlarda; balik, kus,
porsuk ve bazi memeli tirleri avladigim
belirtmiglerdir. Buna gore yapmis oldugumuz
calismanin literatiirle uyumlu oldugu acik bir
sekilde ortadadir. Sonug olarak; ilkbahar aylarinda
alan icerisindeki vejetasyonun yeni canlanmasi ve
sazliklar1 kullanan canlilarin heniiz alana gelmemis
olmasi nedeniyle yaban hayvanlarinin Shannon-
Wiener ¢esitlilik indeks degerinin sonbahar
aylarina gore daha diisiik ¢iktig1 diisiiniilmektedir.

Bu c¢alismadan yola ¢ikilarak, memeli yaban
hayvan tiir yogunlugunu belirlemek amaciyla
gerceklestirilecek olan g¢aligmalarda; i) Shannon-
Wiener g¢esitlilik  indeksinin ~ yaban  hayati
caligmalarina 6nemli katkilar saglayacagi ii)
Biyolojik cesitlilige katki saglayan sazlik alanlarin
yogunluklarinin arttirilmasina yonelik ¢alismalarin
yapilmasi gerekliligi iii) Sulak alan c¢evresinde
yasayan halkin sazlik alanlarin yaban hayati
tizerindeki etkileri hakkinda bilgilendirilmesinin
daha saglikli sonuglara ulagilmasini saglayacagi
ongoriilmektedir. Ayrica bu galisma; yaban hayvan
tir cesitliligi ile tir zenginligi arasindaki
mevsimsel iligkilerinin Shannon-Wiener c¢esitlilik
indeks sonuglarma gore haritalanmasi koruma
calismalarinin  hangi mevsimlerde daha yogun
yapilacagina dair Onemli bir bilgi kaynagi
saglayacaktir.
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