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INVESTIGATION OF TEMPERATURE DEPENDENCE OF DO SOLUTIONS BY
400 MHZ NMR

Canan Aytug Ava', Giilten Kavak Balcr**, Ali Yilmaz®
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Abstract: The rate of water proton relaxation of protein solutions were studied in the presence and
absence of the paramagnetic ions [gadolinium (111), manganese (I1), chromium (111), iron (I11), nickel
(11), copper (1), and cobalt (I1)] in the previous studies. However, these studies were carried out
rather at low frequencies. Therefore, studying of temperature dependence of relaxation rates for
absence and presence of 2 % albumin in pure D,O by 400 MHz will be a novelty.

In this study, T; and T relaxation ratios of D,O and 0.1 H»0/0.9D,0 solutions were investigated with
respect to temperature for pure and for constant albumin concentration(2%). The experiments were
carried out by using Bruker Avance 400 MHz NMR. Inversion Recovery (180-z-90) pulse step were
used for Ti, whereas Carr-Purcell-Meiboom-Gill pulse step were used for T.. The experiments were
performed for temperature range of 20°C-40°C by using automatic temperature control unit.

1/T: and 1/T, decrease linearly with increasing temperature for pure D,O solutions. However, for
0.1H20/0.9D,0 solutions, the relaxation rates of T; increase with increasing temperature while T,
decreases with increasing temperature. The decrease in both relaxation rates of the DO solution with
respect to the increased temperature suggests that relaxation is due to spin relaxation interaction.
Increasing of relaxation rates with the increasing temperature, in the presence of albumin
demonstrates the validity of the dipolar mechanism

Keywords: NMR, T, T, relaxation, albumin, manganese (Mn)

1. Introduction

Human serum albumin (HSA) is the most abundant serum protein in plasma and has a high
ligand binding capacity that can bind a wide variety of compounds. HSA contributes to various
physiological functions such as homeostasis, metabolism, protection, and also the passage and binding
of endo-exogenous substrates [1, 2, 3]. Spin-lattice (T1) and spin-spin (T) relaxation times of albumin
solutions were studied in detail by Nuclear Magnetic Resonance Dispersion (NMRD) and Nuclear
Magnetic Resonance (NMR) techniques [4-21]. Several methods have been applied to explain the
mechanisms of the reaction. One of these methods is based on the derivation of albumin's rotational
correlation (interest) time from the Stokes-Einstein association [8, 13, 16, 17]. The other is based on
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the time of interest obtained from T1/T; ratios [21, 22]. The interest times in microseconds in the first
studies are derived from nanoseconds in subsequent studies. The difference is explained by the high
protein concentration (such as 10% or 15%) used in the initial studies.

The development of contrast agents to bind a ligand to HSA has a central value in view of
displaying vessels with abnormal vascular permeability [23, 24]. For this reason, studies on albumin
solutions containing paramagnetic centers are still valuable. The albumin solutions containing
manganese were investigated by many people [20, 25 —-29]. However, the effect of the manganese
found in albumin D,O solutions on T and T relaxation has not yet been investigated at 400 MHz. In
this study, T: and T, of DO solutions containing various ion concentrations were investigated in
NMR. The same ion concentrations were then examined in terms of the effects of T, and T, in the
presence of 0.02 g of albumin. In addition, measurements were made by varying protein
concentrations for specific ion concentrations.

2. Materials and Methods

Preparation of Stock solutions - A stock solution was prepared by adding 0.003 g of MnCl,
in 20 ml of D,O. The prepared stock solution was thoroughly shaken and the mouth part was
completely closed with parafilm to prevent air ingress. 20 ul of this solution contains 1 pug Mn (II).

Temperature measurements were carry out for the following solutions ;- The
temperature-dependent change of ion-containing D0 solution was investigated for sample prepared by
taking 40 ul of the stock solution and 960 ul of D2O. The temperature dependence of this solution was
also investigated by adding 0.02 g of albumin.

NMR Measurements- NMR T; and T, relaxation times measurements of the prepared
samples were made at 20° C, 25° C, 30° C, 35° C and 40° C. Temperatures were changed with the
help of automatic temperature control system. Relaxation time measurements were performed with the
BRUKER-Avance 400 MHz NMR spectrometer. T, and T» relaxation times were performed by using
Inversion Recovery and Carr-Purcell-Meiboom-Gill pulse steps, respectively. Pulse repetition time
was taken as 5T, for T; measurements. Inversion Recovery and Spin Echo delay times were changed
in accordance with relaxation recovery and decay processes.

3. Results and Discussion

In this study, we presented measured Ti and T, relaxation times of HSA solutions at
temperatures 2045 ° C. 1/T; and 1/T; relaxation ratios were investigated with respect to temperature
for pure and for constant albumin concentration (2%). The value of the measurements were
summarized in Table 1. and 2. We plotted T: and T» relaxation rates versus T in order to understand
the influence of temperature. Graphs are shown in Figure 1.
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Table 1. The Spin-lattice relaxation rates (1/T1) of albumin and
albumin free solutions as a function of temperature (T)

0.02g pure D20
Temperature (K)
alb+D20 UTi(s?) UTi(sY)
293 1.592 1.197
298 1.6 1.075
303 1.63 0.946
308 1.65 0.846
313 1.66 0.767

Table 2. The spin-spin relaxation rates (1/T,) of albumin and
albumin free solutions as a function of temperature (T)

0.02 g alb+ pure D20
Temperature(K)

D20 1/T2(s?) 1UT2(s?)

293 26.52 46.14

298 23.64 41.89

303 20.32 38.87

308 18.11 33.3

313 15.87 29.1

Vv
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Figure 1. Temperature dependence of the spin—lattice (R1) (A) and spin—spin
relaxation rate (R>) (B), for pure and protein-contained D,O solutions
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It can be seen that the change of 1/T1 and 1/T, relaxation rates with temperature (T) is linear,
but in the presence of 0.02 g albumin, the 1/T; ratio of D0 increases linearly with increasing
temperature while decreases linearly in the absence of albumin. In addition, in the presence and
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absence of 0.02 g albumin, the 1/T, relaxation rate of D0 decreases linearly with increasing
temperature (Fig.1).

Decreasing of the 1/T1 and 1/T, values with temperature in D20 solutions suggests that the
dipole-dipole interaction mechanism is predominant [19-21]. In addition, the increase of 1/T; with
temperature in the D-0 solutions shows that the mechanism of spin-rotation interaction is predominant.
The relaxation rates in all solutions has been found that high correlation for each fit and vary linearly
with temperature [22].

4, Conclusions

The 1/T1and 1/T, vary linearly with temperature and has a high influence to alter relaxation of
solution studied. The least-squares fitting of 1/T1 and 1/T, versus T gives a linear relationship, and the
data suggest that the relaxation mechanism of HSA is caused by a fast chemical exchange of water
molecules between protein-bound water and free water. Decreasing and increasing of the relaxation
rates (1/T1 and 1/T,) values with increasing temperature in D0 solutions suggests that the dipole-
dipole interaction and spin-rotation interaction mechanism is predominant, respectively.
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AB-INITIO CALCULATIONS OF STRUCTURAL, ELECTRONIC AND MAGNETIC
PROPERTIES OF LiRh2Si2
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Abstract: In this study, we investigated the structural, electronic and magnetic properties of the
tetragonal LiRhySi> using the full-potential linearized augmented plane wave (FP-LAPW). The
structural calculations were performed with four exchange and correlation potential (GGA- PBE,
LDA-PW, GGA-WC and GGA-PBEsol), the electronic and magnetic properties were performed with
GGA-PBE implemented in Wien2k code. We have obtained the cell dimensions, bulk modulus, and its
pressure derivative. The calculated lattice parameters are in good agreement with experimental and
previous theoretical results. We calculated cohesive energy as 4,95 eV/atom and LiRh,Si, has good
stability. Electron density plot of LiRh,Si, shows strong covalent interactions between Si-Si and Rh-Si
elements. We performed spin polarize calculation of Density of States (DOS). Electronic band chart
that show LiRh,Si, has metallic feature for both spin up and spin down configurations. The spin up
and spin down electronic band chart nearly symmetric so the compounds has honmagnetic feature. We
searched pressure effect on magnetic moment of LiRh,Si,. The magnetic moment of LiRh,Si; has been
found 0.00075 ( 4 ) and it decreased with increase of pressure.

Key words: LiRh;Si,, Ab-initio calculations, Wien2k, FPLAPW, structural properties, magnetic
properties, electronic properties

1. Introduction

Lithium-transition metal-tetrelides (tetr. = C, Si, Ge, Sn, Pb) are an interesting class of
compounds with respect to crystal chemistry and lithium mobility. Although many compounds with
quite expensive noble metals have been studied, they are important model compounds in order to
understand the structure—property relationships. These materials have intensively been investigated in
recent years with respect to their structural chemistry and potential use as electrode materials in
lithium batteries [1]. Nano- and bulk-silicon have intensively been studied in recent years with respect
to lithiation for use as alternative electrode materials in lithium-ion batteries [2].

LiRh,Si, and LiYSi, have been synthesized and investigated for structural and bond peculiar of them.
Some theoretical works performed to investigate structural and bond chemistry of these materials [3].
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Steinberg and Schuster (1979) synthesized and structural characterized of LiY:Si, and LiNd,Si,
ternary compounds [4].

When we focus on this class of compounds we can see same studies on synthesis and some
works focus on determine the physical properties. There are less theoretical study on these compounds
and physical properties of LiRh,Si> have not been studied in detail. That’s why we focus on this study.

2. Computational method

The structural, electronic and magnetic properties of LiRh.Si, were investigated by means of
FP-LAPW method by using Wien2k package [5]. The cutoff energy, which defines the separation of
valence and core states, was chosen as -7 Ry. The Muffin-tin sphere radii were selected 2,26 a.u. for
Li 2,32 a.u for Rhand 1,7 a.u. for Si. The convergence of the basis set was controlled by a cut off
parameter Rm*Kmax Was used 7, where Rp is the smallest of the MT sphere radii and Kmax is the
largest reciprocal lattice vector used in the plane wave expansion. The magnitude of the largest vector
in charge density Fourier expansion (Gmax) Was 12. We select the energy convergence as 0.0001 Ry
and charge convergence as 0.001 e during self-consistency cycles. In these calculations, we neglected
the effect of spin orbit coupling. For the Brillouin zone (BZ) integration, the tetrahedron method [6]
with 195 special k points in the irreducible wedge (3000 k-points in the full BZ) was used to construct
the charge density in each self-consistency step.

The structural calculation were performed with four exchange and correlation potentials (GGA-
PBE, LDA, GGA-WC and GGA-PBEsol) [7-10] as implemented in Wien2k code. We used GGA-
PBE potential for electronic and magnetic calculations.

LiRh,Si, has tetragonal lattice with 127 (P4/mbm) space group (Fig.1). The atomic positions
and cell dimensions of compounds are given in Table 1 [1].

Table 1. Unit cell parameters of LiRhSi;

Unit cell dimensions |a=6,981 | c= 2,746

Atomic coordinates Li Rh Si
0, 0, 00.14937, 1/2+x, 1/2 0.3542,1/2+x, 0

The calculations started with experimental data and searched for minimum energy depend of
volume. The electronic and optical calculations were performed with optimized structure parameters.
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Figure 1. Unit cell of tetragonal LiRh,Si, structure

3. Results and discussion
3.1. Structural properties

To find the ground state energy and optimize unit cell dimensions we calculate the total
energy for diverse volume around experimental unit cell volume. The calculated total energies versus
volume are fitted to the empirical Murnaghan’s equation of state [11] to determine the ground state
properties. The calculated total energy as a function of volume for four different potential and spin
polarized PBE-GGA are plotted in Figure 2. We calculated ground state energy, unit cell volume, bulk

modulus and derivative bulk modulus from structural optimization for each selected exchange

correlation potentials. Calculated volume (V,), bulk modulus (B;), minimum energy (E) and

derivative pressure (B') values are given in Table 2.

Table 2. Calculated structural parameters of LiRh;Si;

Values

V, (au®) B, (GPa) |B'(GPa) | ERY)

Potentials

Nonmagnetic

GGA-PBE 925.1924 167.7183 4.4 -40633.075959

Spin polarize |924.2944 169.1183 44 -40633.076791

GGA-PBE

Nonmagnetic | 879.7674 195.3441 4.5 -40588.207521

LDA

Nonmagnetic | 903.2018 180.9338 4.6 -40626.066480
GGA-WC

Nonmagnetic | 898.1046 185.4190 4.6 -40609.797268
GGA PBEsol
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Figure 2. Dependence of total energy on unit cell volume of LiRh,Si, with
a) Nonmagnetic PBE-GGA, b) LDA, ¢) WC-GGA, d) PBEsal,
e) Spin polarized PBE-GGA potentials
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Experimental volume of LiRh2Si, is 903,2 au’[1] and GGA-WC potential result is
very close to it. Calculated bulk modulus has good agreement with previous calculated
results, 200 GPa, in the LDA [1].

The structural stability of cell is confirmed by cohesive energy calculation. According

to cohesive energy [12]

tot tot tot tot
ELiRhZSiZ - aELi - bERh - CESi

a+b+c

E 1)

coh —

Where E%, . . Eif . Eq . Eg are total energy of LiRh2Si> unit cell, isolated Li, Rh and Si

atoms, respectively. a, b and c indexes refer to the number of each atoms in the cell. We

obtained the value of cohesive energy as 4,95 eV/atom for tetragonal LiRh,Si>.

3.2. Electronic and magnetic properties

It is well known that the electronic band structure and density of states (DOS) are important
quantities to determine the crystal structure [12, 13]. In order to understand bonding character clearly,
the total and partial densities of states (DOS) is calculated in Figure 3. Calculated DOS for spin up and
spin down is given in Figure 4 are nearly symmetric and LiRh,Si, has metallic feature for both spin.
We plotted an electronic band chart for spin up and spin down to understand the electronic properties
of the structure (Fig.5). In this figure the Fermi energy level set to origin. Spin up and spin down band

charts are nearly same and has metallic feature.

10 . .

total DOS ——
Li tot
gl Rhtot - )
Sitot ——
S
[1H]
W 6 i
a
N
23
n 4 .
8 AL |‘.I'-|II'|I' |
o L ;'I'I | TR T Al
| \
oM o LI
0 fevespug' = reasd | I .1 ) 1 "
-15 -10 -5 0 5 10

Energy (eV)
Figure 3. Calculated total and partial DOS of LiRh,Si;
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Figure 5. Band structure of LiRh,Si, with (a) spin up and (b) spin down configurations.

We calculated electron density plots to understand bond characters of LiRh,Si, in Figure 6.

Charge distribution shows that there are strong covalent bond with Si-Si and Rh-Si elements.
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@ (b)

Figure 6. Electron density plot of LiRh,Si, with (a) 100 plate ( b) 110 plate

To study the magnetic properties of the intermetallic LiRh,Si, compounds, spin polarized
calculations with the GGA (PBE) were performed. The total, interstitial and local magnetic moments
of the compounds under investigation are summarized in Table 3. The structure is paramagnetic with

experimental cell dimensions and became diamagnetic with pressure.

Table 3. Calculated total, interstitial and local magnetic moments of the
compounds with GGA-PBE

Pressure mint mLi mRh mSi mceII
(Gpa)

0 0.00042 -0.00049 |0.00027 |0.00005 |0.00075
14.89 0.00030 -0.00019 |-0.00002 |-0.00002 |-0.00023
25.3 -0.00188 -0.00096 |-0.00052 |0.00002 |-0.00578

4. Conclusions

We have searched structural, electronic and magnetic properties of tetragonal LiRh,Si> structure
using all electrons full potential linearized augmented plane wave (FPLAPW) method based on DFT
within the generalized gradient approximation (GGA) implemented in Wien2k code. We calculated
ground state energy unit cell dimensions and cohesive energy values. The calculated cell constants are
good agreement with experimental and previous theoretical works. Calculated electron density plot
and dos plot show that there are strong covalent bond with Si-Si and Si-Rh elements. The calculated
electronic band structure shows that LiRh,Si, has metallic character both with spin up and spin down

13
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configuration. LiRh,Si, show paramagnetic feature with experimental unit cell constants and became
show diamagnetic feature with increasing the pressure.
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Abstract: In this paper, by using the extended direct algebraic method, we obtain the exact traveling
wave solutions for the Kawachara equation and the modified Kawachara equation. The exact
solutions of the Kawachara and modified Kawachara equations demonstrated by graphs. The stability
of these solutions and the movement role of the waves by sketching the graphs of the exact solutions
are analyzed.

Key words: Traveling wave solutions, Extended direct algebraic method, Kawachara equation,
modified Kawachara equation

1. Introduction

Many physical, chemical and biological phenomena such as combustion waves, optical solitons,
chemical reactions, propagation of dominant genes and nerve pulses etc. are modelled by nonlinear
partial differential equations exhibiting traveling wave solutions [1].

Traveling wave solutions of partial differential equations are solutions of special shape which do
not change in time. The existence of such solutions for parabolic equations was first studied by A.N.
Kolmogorov, I.G. Petrovskii, and N.S. Piskunov in their mathematical investigations of the equation
proposed by R.A. Fisher in 1937 to describe the propagation of an advantageous gene.

Traveling wave solutions of partial differential equations are solutions of the form u(x;t) = f(x-
ct), with x being the spatial variable, t the time variable and c the constant speed of propagation of the
wave. The properties of such solutions at different moments of time are obtained from one another by
means of simple translation [2]. The investigation of exact traveling wave solutions to nonlinear
evolution equations plays an important role in the study of nonlinear physical phenomena. Solitons are
the most important solutions among traveling wave solutions [3].

The word soliton was discovered (and named) in 1965 by Zabusky and Kruskal, who
experimenting with the numerical solution by computer of KdV equation. The word soliton was
coined by Zabusky and Kruskal after “photon”, “proton”, etc., to emphasize that a soliton a localized
entity which may keep its identity after an interaction [4].

In this study, we applied the extended direct algebraic method to find soliton solutions of
Kawachara and Modified Kawachara equations.
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2. Analysis of the extended direct algebraic method

The following is a given nonlinear partial differential equations with two variables x and t as
where

P (U, Uy, Uy, U, Uy, Uy, .) =0, (1)

P is a polynomial function with respect to the indicated variables or some functions which can be
reduced to a polynomial function by using some transformations.
Step 1: Assume that Eq. (1) has the following formal solution as:

u(xt)=u(2)= a8 (&) @

where

I =JaF +p3 and &=kx+at, (3)

where a, B are arbitrary constants and k and w are the wave length and frequency and 9’ = d_9 .

dg
Step 2: Balancing the highest order derivative term and the highest order nonlinear term of Eq.
(1), and the coefficients of series o, f5, @o,a1, am, K, ® are parameters can be determined.
Step 3: Substituting from Egs. (2) and (3) into Eq. (1) and collecting coefficients of g 9" , then
setting coefficients equal zero, we will obtain a set of algebraic equations. By solving the system, the
parameters a, S, ao, ai, am, K, ® can be determined.

Step 4: By substituting the parameters «, f, ao, a1, am, k, ® and 9(§ )obtained in step 3 into Eq.
(2), the solutions of Eq. (1) can be derived.

3. Stability analysis

Hamiltonian system is a mathematical formalism to describe the evolution equations of a physical
system. By using the form of a Hamiltonian system for which the momentum is given as

17,0
Mzzj;udg, (4)

where M is the momentum, u is the traveling wave solutions in Eq. (2). The sufficient condition for
soliton stability is
oM
. >0, (5)
where w is the frequency [5-19].
4. The applications of the method
4.1. The Kawachara equation
The Kawachara equation describing nonlinear wave processes in dispersive system [5] as

u +uu +u, —u_ =0. (6)
Consider the traveling wave solutions (2) and (3), then Eq. (6) becomes
U’ +kuu’ +k3u” —k°u® =0, (7)

Balancing the nonlinear uu’ and highest order derivative u® in Eq. (7) givesm=4. Suppose

the solution of Eqg. (6) in the form
u(é)=ay+ad+a,¥ +a,9’+a,9". (8)
16
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By substituting (8) into Eq. (7) yields a set of algebraic equations fora,,a,,a,,a,,8,,, #,K, ®.
The system of equations are found as

k’aa, —k’a’a, + wa, +kaa, =0,

ka’ +8k’aa, —32k°a’a, +2wa, + 2ka,a, =0,

6k’ pa, —60k°afa, +3ka,a, +27k’aa, — 243k°a’a, + 3wa, +3ka,a, =0,

24k° pa, — 480k °affa, + 2ka; +4ka,a, +64k°’aa, —1024k°a’a, +4wa, +4ka,a, =0,
—120k° B%a, +60k° Ba, — 2040k °a3a, +5ka,a, +5ka,a, =0,
~720k° B, +3ka32 +120k*Ba, —6240k°af3a, +6ka,a, =0,

7ka,a, —2520k°5%a, =0,
4ka; —6720k°B%a, =0. (9)

The solution of the system of algebraic equations, can be found as

36 o 10532 1
-2« 0, a,=0, 0, a,= A= ’
AT R AT AR T
L3 5.2 _
_ 4k a+1k6ka © a_0, a :@( k’B+52k‘ap), a,=0, a,=1680k*s.(10)

Substituting from Egs. (10) into (8), the following solutions of Eq. (6) can be obtained as

U (X t)=—5 =

TERET 23_(kx+wt)j, (11)
36 o, 2688057 exp(2/ k13 (kx+ot))
169(1—4ﬂexp(1/kJ1_3(kx+a)t))) |

%6 o, 26880/3” exp(2/ k13 (kx+ et ) )

169(exp(l/ k\/l_S(kx+ a)t)) —4,6’)4 ’
—4k%a +16k°a? —w , 280

36 o, 105 h4(

u, (x,t) = > 15 (k" ~52k'a’)sech’ (Ve (iox+ o))+

1680a°k* sech’ (\/Z(kx+a)t)), (14)
K3 5.2 _ exp (24 (kx+ at

(%)= 4ka+1fka o, 4480 (452K a) (24 ( )) .

(1—4,6’exp(2«/§(kx+a)t)))2
exp(4\/5(kx+a)t))
(1—4,Bexp(2\/;(kxvta)t)))4 |

430080k ‘a5

(15)
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Fig 1. Traveling waves solutions (11)-(16) are plotted.

The traveling wave solutions (11)-(16) are shown in Fig. la-c with o=p=-1 k=1 and

a =1/52in the interval [-10,10] and [0, 2]; the traveling wave solutions (14)-(16) are shown in
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Fig.1d-f with @=a =k =1 and 8 =-1 in the interval [-2,2] and [0, 1]. According to the conditions
of stability (4) and (5), the traveling wave solutions (11)-(13) are stable in the interval [-10,10] and
[0, 2], the traveling wave solutions (14)-(16) are stable in the interval [-2,2] and [0, 1].

4.2. The Modified Kawachara equation

The modified Kawachara equation, which describes the motion of a water waves with surface
tension as

ut + ux + uzux + puxxx + quxxxxx = O’ (17)
p and g are constants [10]. Consider the traveling wave solutions (2) and (3), then Eq. (17) becomes
u?u’+k*pu” +qku® =0. (18)

Balancing the nonlinear u®u’and highest order derivative u'® in Eq. (18) gives m=2.
Suppose the solution of Eq. (18) in the form

u(é&)=a,+ad+a,4. (19)
By substituting (19) into Eg. (18) vyields a set of algebraic equations for

a,,a,,a,,a, f,K,o,p,q. The system of equations are found as

ka, +k®paa, +k°qa’a, +wa, +kala, =0,
2ka,a’ + 2ka, +8k*paa, +32k°qa’a, + 2wa, +2kaza, =0,
6k*ppa, +60k°qayfa, +6ka,aa, +ka’ =0,
24k°ppa, +480k°qafa, +4ka’a, +4ka,al =0,
120k°qB%a, +5ka,aZ =0,
720k°qB%a, + 2ka; =0. (20)

The solution of the system of algebraic equations can be found as

a,=mp——, a=0 a,="% 4= P, Kk ak’pa-16k’ga’ —kal. (21)

J10g” a "~ 10gk®"

Substituting from Eqgs. (19) into (18), the following solutions of Eq. (17) can be obtained as

u, (x,t)= p___6ip sechz[ I\/B(
(0= og om <" |iaog
ex M X +
U, (x,t) =2, 6P p{km—q(k t)J , (23)
2 \/M \/m 1-4 2i\/6 kX + ot 2
_ ’BeXp{k\/qu( +a))J

kx+a)t)], (22)
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(e) (f)
Fig 2. Traveling waves solutions (22)-(27) are plotted.

The traveling wave solutions (22)-(27) are shown in Fig. 2a-f with
p=k=1 f=q=-1 a=0.1andw=-1,34 in the interval [-10,10] and [0, 2]. According to the
conditions of stability (4) and (5), the traveling wave solutions (22)-(27) are stable in the interval [-
10,10] and [0, 2].

5. Conclusion

We have applied the extended direct algebraic method by using symbolic software (Mathematica)
to construct a series of traveling wave solutions. Implementing the proposed method, we have
demonstrated the traveling wave solutions of Kawachara and modified Kawachara equations. Also
triangular, periodic, rational, Weierstrass and Jacobi doubly periodic solutions that could be obtained
with applied method have been ignored. Obtained all these solutions are distinct and stable.
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Abstract: St 37 and St 70 steels are the materials used in the manufacturing
of general building materials, which are produced by processing the hot-
formed steel further through a cold drawing process. Finite element method
helps to simplify the complex engineering problems and to solve them with
controllable parts. The roof lattice model simulated in the present study is a
4-surface pyramidal roof which is 4 mm in diameter, 0.5 mm in thickness
and it was designed in 3D in Ansys software by using the finite element
method. The bottom corner nodes of the roof lattice model were stabilized
and the vector stress effects of 65.000 N force was applied in Fy, F;
directions and 75.000 N force was applied in Fy direction on the top node
truss axes, 65.000 N.m moment was applied in My, M, directions and 75.000
N.m moment was applied in My direction on middle truss nodes were
investigated. According to the test results in Ansys software, vector stress
increase due to both force and moment effect in truss axes of the St 70 lattice
roof steel compared to the St 37 steel.

Key words: St 37- St 70, Ansys, Force and moment, Finite element method.
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1. Introduction

St 37 steel is a non-alloy steel. Its mechanical properties are over 235 MPa of yield strength and
360-510 MPa of tensile strength. It is primarily used for riveting, screwing and welding purposes. St
37 structural steel material is utilized in many applications, combining its good welding properties
with guaranteed strengths. There are various grades and uses including civil and industrial
engineering. High strength low alloys have replaced many structural steels where weight reduction is
important (e.g. automotive) but with guaranteed strengths [1]. Mechanical properties of St 70 steel are
over 365 MPa yield strength and 690-900 MPa of tensile strength, and it is primarily used for riveting,
screwing and welding purposes [2]. The finite element method is a promising tool in the modeling of
several mechanical applications related to aerospace and civil engineering. One of the its most
exciting prospects is that it finds application on the coupled problems such as fluid-structure
interaction, thermomechanical, thermochemical, thermo-chemo-mechanical problems, biomechanics,
biomedical engineering, piezoelectric, ferroelectric, and electromagnetics [3]. In a study by
Rottensteiner et al. (2014), the detection of roof planes from the analysis of three-dimensional (3D)
point clouds and Digital Surface Models (DSMs) is an active research and application subject. Jochem
et al. (2009) developed a representation of building spaces in 3-dimensional city models when roof
planes were included in the models appropriately [5]. Huang et al (2013) used a generative modeling
based on a primitive library for roof detection and reconstruction. The study also included combining
the bottom-up and top-down approaches [6]. As suggested by Vitti (2012), areas with uniform gradient
(i.e. planar) patches and boundaries (i.e. roof edges and eaves) can be detected by using the global
variability model, which is a second-order model suggested by Blake and Zisserman (1987) [7-8].
Ohtake et al. (2004) performed an edge detection on triangular meshes by analyzing the principal
curvatures and their derivatives [9]. Rottensteiner (2003) applied a region growing model on normal
vectors in the production of the 3-dimensional building models [10]. Wang et al. (2013) considered the
normal vectors as points on unit sphere, and then segmented planes and other orderly surfaces for
detection [11].

2. Materials And Method

According to the finite element method in Ansys 12.0 software package, roof lattice modeling
structure of St 37 and St 70 steels 3D design of a 4-surface pyramidal roof with the dimensions of 4
mm in diameter and 0.5 mm in wall thickness was designed according to the mechanical properties
presented in Table 1 and Table 2.

Table 1. Mechanical properties of St 37 steel [12]

. - . . Tensile Yield
. Density Elasticity Elongation  Poisson
Material i Strength  Strength
(kg/m3) Module (%) Ratio
(MPa) (MPa)
(MPa)
St 37 8000 210000 15 0.3 360-470 225-235
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Table 2. Mechanical properties of St 70 [13]

Densit Elasticity Elongation  Poisson Tensile Vield
Material 3y y g i Strength  Strength
(kg/m?) Module (%) Ratio
(MPa) (MPa)
(MPa)
St70 7700 200000 8-25 0.3 650-880 350-550
2.1. Modeling

For the roof lattice model design by using the St 37 and St 70 steel standards, only one roof
lattice profile was used for each element type. Following the various analyses on the same model,
mechanical properties were identified and analysis was performed. In the first stage of the modeling,
the analysis type is selected as “structural analysis”. During the analysis of the model, the most
significant parameter of element type is determined. Since the most commonly used process in roof
lattice model is pipes, the element type is selected as “Pipe / elastic straight 16”. The purpose of
selecting this element type is to enable easy transfer of mechanical properties and achieve a solution.
The mechanical data for the model are defined into the material characteristics module according to
the Table 1 and Table 2. In the next stage, according to the coordinates given in Table 3, key points of
4 different roof surfaces are identified for each axis as shown in Figure 1 and a pyramidal roof model
is generated.

Table 3. Key point measurements of the roof lattice model for each axis

Measurements of Roof

X Y Z
Lattice Surfaces

0 0 0

35 0 0

60 O 0

1st Lattice Surface 475 30 0

225 50 O
0 40 O
0 70 O

2nd Lattice Surface -35 0 0
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60 O 0

475 30 O

225 50 O

0 0 35

0 0 60
3rd Lattice Surface 0 30 475
0 50 225

0 0 -60

0 0 -35
4th Lattice Surface 0 30 475
0 50 -22.5

Vv

INESEG

In Ansys 12.0 software package, coordinate data for lattice axes as given in Table 3 is entered
into the system and a model similar to the one in Figure 1 is generated.
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Figure 1. The roof lattice model shows the following: a) key points of the surface region in the 1st
right front area - x direction b) lines of the surface region in the 1st right front area - x direction c) key
points of the surface region in the 2nd left front area - x direction d) lines of the surface region in the
2nd left front area - x direction €) key points of the surface region in the 3rd left back area - z
direction (view from the right in z direction) f) lines of the surface region in the 3rd left back area - z
direction g) key points of the surface region in the 4th right back area -z direction (view from the right
in z direction) h) lines of the surface region in the 4th right back area—z direction (completed roof
lattice model)

After completing the coordinate measurements of the roof lattice model in all axes, the bottom
base axes are assembled to the top node points as shown in Figure 2, thus the lattice points are
strengthened.

Figure 2. a) Assembly of the top node points to the bottom axes, b) view from below, c¢) right view of
the truss axes from z axis direction of the roof lattice model

2.2. Mesh generation for the model

In the pyramidal-shaped roof lattice model, a meshing process was applied on steel pipes after
the designing process for the distribution of mechanical properties. As the model is of a steel pipe,
segmenting the meshing processes as 1-2 will be an ideal value for the solution. The value 1 was used
for this mesh segmentation. After the meshing process as shown in Figure 3a, the pipe element size of
these lattice pipes was selected "On" in the Ansys system as seen in 3b and the actual view of the roof
lattice model in terms of diameter and thickness was generated.
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Figure 3. a) Mesh generation, b) entry of the pipe diameter and thickness values (4 mm pipe outer
diameter, 0.5 pipe wall thickness) to the system for the roof lattice model

As Figure 2 shows the lines of model, Figure 4 shows the design views of the roof lattice model
obtained from the residual element type from different perspectives.

Figure 4. a) Front perspective element view, b) bottom perspective element view, c) perspective view
from z direction to the truss axes, d) top perspective view of the roof lattice model

2.3. Model stabilization; pressure and moment application process

As it is shown in Figure 5a, the roof lattice model is stabilized from the bottom node points and
analyzed to examine the mechanical effects of the steel type used in the model on force and moment
(Figures 5c-6b). 65.000 N force in Fy, F; directions and 75.000 N force in Fy direction were applied on
the top truss nodes, and 65.000 N.m moment in My, M, directions and 75.000 N.m moment (rotation
effect) in My direction was applied on the middle truss nodes of the pyramidal roof lattice (Figures 5b-
6a). Deformation and vector quantities of all analyses induced by force and moment were investigated.
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Figure 5. a) Stabilization of the roof lattice model from the bottom axes, b) moment application on
truss nodes, c) display of the analysis result

Figure 6. a) Moment application on middle truss nodes of the roof lattice model b) display of the
analysis result

3. Results

3.1. Force-induced mechanical analyses of the St 37 steel roof lattice

The model is analyzed after the effect of the force and moment applied on the St 37 and St 70
steel roof lattice pyramidal models. Following that, 138 elements and 111 nodes of the lattice are
generated. Constructively, these elements and nodes yielded positive mechanical stress in the material.
As shown in Figure 7, force-induced deformation (change in shape) and resultant vector change of the
St 37 steel-type roof lattice are investigated.
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Figure 7. Force-induced a) deformation b) resultant vector quantitative analysis of the St 37 roof
lattice model

As shown in Figure 8, axis-dependent mechanic vector changes of the St 37 steel-type roof
lattice are investigated in terms of force.

Figure 8. a) Vector node change in x axis, b) vector node change in y axis, ¢) vector node change in z
axis, d) vector analysis in terms of the total distance between coordinate axes of the St 37 roof lattice
model

3.2. Moment-induced mechanical analysis of the St 37 steel roof lattice

In Figure 9, moment-induced deformation (change in shape) and resultant vector change of the
St 37 steel-type roof lattice are investigated.
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Figure 9. Moment-induced a) deformation b) resultant vector quantitative analysis of the St 37 roof
lattice model

In Figures 10-11, moment vector change of St 37 steel-type roof lattice for each axis and node
are investigated.

Figure 10. a) Rotation effect in x axis, a’’) moment change effect of the nodes in x axis, a’”’)
mechanic moment change effect in x axis, b) rotation effect in y axis, b’”) moment change effect of the
nodes in y axis, b’’’) mechanic moment change effect in y axis, c¢) rotation effect in z axis, c”’)

299

moment change effect of the nodes in z axis, ¢’’”) mechanic moment change effect in z axis of the St

37 roof lattice model in terms of moment.
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Figure 11. a) Total moment vector change in all coordinate points and b) moment change effect in all
axis directions of the St 37 roof lattice model

3.3. Force-induced mechanical analyses of the St 70 steel roof lattice

Figure 12 shows the results of investigation of the St 70 steel type roof lattice in terms of the

force induced deformation and resultant vector change.

Figure 12. Force-induced a) deformation b) resultant vector quantitative analysis of the St 70 roof
lattice model

Figure 13 shows the analysis of the mechanical changes of the roof cage of the St 70 steel type

by the axes.
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Figure 13. a) Vector node change in X axis, b) vector node change in y axis, ¢) vector node change in
z axis, d) vector analysis in terms of the total distance between coordinate axes of the St 70 roof lattice

model

3.4. Moment-induced mechanical analyses of St 70 steel roof lattice

Figure 14 shows the deformation and the vectorial change of the roof cage of St 70 steel type.

Figure 14. Moment-induced a) deformation (change in shape) and b) resultant vector
quantitative analysis of the St 70 roof lattice model

In Figures 15-16, moment vector change analyses of St 70 steel type roof lattice for each axis

and node are shown.
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Figure 15. a) Rotation effect in x axis, a’’) moment change effect of the nodes in x axis, a’””)
mechanic moment change effect in x axis, b) rotation effect in y axis, b’’) moment change effect of the
nodes in y axis, b’’’) mechanic moment change effect in y axis, c¢) rotation effect in z axis, ¢’”)

moment change effect of the nodes in z axis, ¢
70 roof lattice model in terms of moment.

) mechanic moment change effect in z axis of the St

Figure 16. a) Total moment vector change in all coordinate points and b) moment change effect in all
axis directions of the St 70 roof lattice model

In a comparison of mechanical analyses of St 37 and St 70 roof lattice steels in terms of force
and moment, literature data shows that [12-13] the St 70 lattice steel has higher tensile strength, yield
strength, lower density and elasticity module than the St 37 steel. Ansys simulation test analysis
results demonstrate that program data validates these analysis results. That is, in force analyses of St

70 roof lattice steel compared to St 37 steel on truss node points, deformation as well as resultant
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vector stresses and changes in coordinate points of all axes increase. More vector node changings
occur in steels with higher yield strength and tensile strength and lower elasticity module, because the
trusses suffer from more constructive damage. Thus, mechanical stress is higher compared to the St 37
steel. On the other hand, the tensile strength of St 37 steel is low due to its higher elasticity module,

therefore stretching is easier in trusses and less load is imposed on the truss nodes.

A comparison of moment changes caused by the rotation effect on roof lattice steels shows that
it increased in St 70 steel in direct proportion to the result of force-induced mechanic vector simulation
analyses. Similarly, due to the rotation effects in coordinate axes, the highest load accumulation in
terms of tension and pressure movements was found in the St 70 roof lattice steel. Moment vector
changes, rotation effects between axis nodes, resultant vector changes and deformation as well as the
highest mechanical effect were observed in St 70 steel lattice trusses as compared to St 37 roof lattice
steel.
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Abstract: The change of earth shape over time is expressed as Geological Evolution. The German
meteorologist Alfred Wegener (1880-1930) describes the geological evolution of the Continental Drift
Theory, which means that terrestrial parts of the earth and large water bodies change over time.
According to the Continental Drift Theory, during the Mesozoic Era, the large earth continent
Pangaea was divided into two gigantic continents (Laurasia and Gondwana), forming the Tethys Sea.
The Tethys Sea was connected to the present Indian Ocean through the Atlantic Ocean and the
Mediterranean Sea. A large part of Anatolia, especially in Southeastern Anatolia, was covered with
the sea for a long time. Today's both the Mediterranean and the Black Sea is considered as a remnant
of Tethys Sea. These seas were also subjected to some other important changes. In the studies carried
out within the province of Diyarbakir, the biological evidence of the Tethys Sea was found in
invertebrate fossils. The marine form of fossils belonging to Echinodermata and Bivalvia phyla are
frequently encountered in the Southeastern Anatolia Region. They were collected from the Diyarbakir
province and photographed. The fossil specimens are of great importance in terms of understanding
the geological changes (Geological evolution) that the region has undergone over time.

Keywords: Diyarbakir, Tethys Sea, Invertebrate fossils,
1. Introduction

The concept of evolution essentially includes three sub-concepts: Inorganic Evolution, Organic
Evolution, and Social Evolution [1]. Inorganic evolution studies the change of inanimate objects. In
particular, it covers events from the formation of the universe to the formation of inanimate objects,
which form the basis of living things. Some authors also use chemical and physical concepts of
evolution for these changes over time. Geological Evolution is generally used for changes that take
place in the forms of the earth [2, 3]. In this work, we adopted this statement and used the expression
"Geologic Evolution™ as many scientists have used. The content of our work includes the geological
change that our region has undergone with the presence of the fossil record.
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Organic evolution, however, examines the evolution of living things over time. The biological
evolution that has begun from the moment when the first living things emerged (approximately 3.5
billion years ago) and still continues is the subject of the science of Biology in general. When it comes
to evolution, it is generally desired to describe the Biological evolution and it is the most interesting
concept of evolution. Social evolution examines the changes of societies over time. The change of
societies over time is more a matter of sociology science. Changes are mostly on a cultural basis. In
our work, it was thought that the use of "Geological Evolution" statement from the above-mentioned
concepts of evolution is correct.

One of the most important theories about the transformation of the earth is the "Continental
Drift Theory". This theory was first suggested by the German meteorologist Alfred Wegener in 1912,
and the subsequent contributions bring in important benefits to the theory (Paleontological, geological
and biological findings, and photographs taken from the space, seismic studies, and deep sea studies).
According to this theory; at the beginning of the Mesozoic Era, all the earth continents were together
in one piece. The Pangaea, large single continent, has been shattered throughout the Mesozoic Era and
transformed into today's continents. Pangaea was first divided into the North and South continents.
The north part is Laurasia; the southern part is called Gondwana. The sea of Tethys formed in the
space between Laurasia and Gondwana. The name of Tethys Sea was first used by the Austrian
geologist Edward Suess in 1893. Suess used this name based on the fossils of living creatures that
existed only in the seas, both in the Alpine mountains and in parts of Africa at that time. This sea was
thought more as an inner sea. Wegener used the term Tethys, however, explained the existence of the
sea in a different way, according to the Continental Drift Theory. The sea of Tethys, as mentioned
above, was linked to the Indian Ocean, covering a large part of today's North Africa and a large part of
southern Europe and the Middle East on the Mediterranean Sea. In other words, it was a sea separating
the two great continents, Gondwana and Laurasia. The sea of Tethys, formed by millions of years of
change, has shrunk in time and has become almost an inland sea with its remains, like the
Mediterranean. Once upon a time, when Anatolia was covered with the sea, due to the proximity of the
African continent to the Asian and European continents, some island-shaped ascents have developed.
Turkey, a young stratum, formed between Eurasia in the north and Africa-Arabia plates in the south
[4]. This zone is occasionally covered with seas, depending on weather conditions and some other
conditions. Southeastern Anatolia is finally assumed to be covered by the sea about 7 million years
ago [5]. During the Era when Anatolia was covered with sea, some marine living creatures were
preserved as fossils till today.
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Photograph 1. al. Clypeaster genus and bl. Flabellipecten genus, two fossils collected from the
region between the Hani and Lice in Diyarbakir city. The photograph of these genera, which have
already been recorded, is shown a2. Clypeaster tauricus and b2. Flabellipecten cf. fraterculus [4].

With the comparison of the photographs, the genera of the fossils are more or less understood. But it is
not very accurate to say exact name of the species, a detailed investigation is required.

2. Material and Method

In order to be used in previous investigations, the fossil specimens were collected between 1990
and 2016 in Southeastern Anatolia region and brought to the laboratory of Biology Department.
Fossils are found in the mountainous region between Lice and Hani district in Diyarbakir. The first
fossils were identified at the phylum level. It is understood that the detected fossils generally belong to
two important invertebrate phyla whose internal organs are covered with hard crust or interlocked
plaques. The fossils were examined; their photographs were taken and maintained in the biology
department for further studies.
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3. Results

The collected fossils were first identified according to their Phyla. Most of the fossils belong to
the Echinodermata Phylum (Photograph al) and some of them belong to Bivalvia class, Clypeaster
genus (Photograph bl).

Echinodermata is one of the most important invertebrate phyla that enter the group of
Deuterostomia, which is also consisting of vertebrates. For this reason, this phylum is described in
many books after the arthropods. The most important feature of this phylum is that all species have
been living in the seas from the beginning to the nowadays. And generally, show radial symmetry of 5
in mature form. This phylum, which is regarded as real marine animals, is examined in 5 classes; Sea
lilies (Crinozoa), Sea stars (Asteroidea), Brittle stars (Ophiuroidea), Sea urchins (Echinoidea) and Sea
Cucumbers (Holothuroidea) [6]. A significant quantity of the fossils collected from the Diyarbakir
belongs to the class of Sea urchins (Echinoidea) of Echinodermata phylum. The five radial symmetry
structure in the fossils is obviously seen. Another important feature of this phylum is their tube feet
which are used for various purposes by the animal. The holes of tube feet (interambulacral regions)
that come out from the plates of the feet (ambulacral regions) are visible in the fossils (Photograph 2a).
The holes in the tube legs can be counted on the fossil specimen (Photograph 2b). Fossilization is not
easy as is known. It requires very special conditions. The most important environments in fossil
formations are clayey and muddy environments, especially composed of fine particles. The living
thing that has fallen or drifted into this mud anyhow, the elements around it become hardened and
become fossilized in a real form. Then, the shell or crust can often disappear with decay, but the shape
of the organism remains constant. If the minerals then fill in this mold, a new mold is formed again
and a moulage of the organism occurs and gives a general outline of the living thing. If the body mold
is filled with the only mineral, it is called calcification [7]. Our examples are petrified fossils thought
to be formed as described above.

Another part of the fossils belongs to Bivalvia class of Mollusca phylum. The vast majority of
molluscs live in the seas, a significant amount in the land and a few of them dwell in freshwater. They
are divided into seven classes; Aplacophora, Monoplacophopra, Polyplacophora, Scaphopoda,
Gastropoda (Snails and slugs), Bivalvia (Mussels and oysters) and Cephalopoda (Octopuses, squid,
and cuttlefish) [6].The first four classes live only in the seas and are represented by few species. The
bivalves are an important mollusc class, mostly in the sea, and some forms live in freshwater.

There are no protrusions called carina on the shells of freshwater mussels. Most of the mussels
living in the sea have these protrusions. In the fossil example in the photograph 2c, the carina,
ligament region and umbo part of the sea bivalve are clearly visible. There is no doubt that the fossil,
which has carina, is a bivalve species living in the seas (Photograph 2c). These fossils are similar to
those of today's living Flabellipecten genus.
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Photograph 2. a. Ambulacral and interambulacral regions on a Clypeaster fossil, b. The holes of tube
feet in Clypeaster fossil, c. Carina, ligament and umbo regions in Flabellipecten fossil.

Table 1. The systematic of two fossil records, Flabellipecten and Clypeaster

Kingdom: Animalia Animalia
Phylum: Mollusca Echinodermata
Class: Bivalvia Echinoidea
Order: Pterioida Clypeasteroida
Family: Pectinidae Clypeasteridae
Genus: Flabellipecten Clypeaster

4. Conclusions

Turkey, in terms of marine fossils, includes very rich geological plates. For this reason, several
researchers have focused on the fossil records of Turkey. In a study on Turkish fossil records, fifteen
brachiopod species consisting of two new records (Paillettiamenaesp. nov. and Eodmitriasezgini sp.
nov.) and three crinoid species, have been identified. This fossil assemblage reflects strong affinities
with Gondwanan and peri-Gondwanan domains [8]. Anatolia’s geological structure is the product of
the continents’ tectonic movement history because of the location at the intersection of Asia, Europe,
and Africa. Turkey's basic rock structure has evolved through the subduction-collision process by
combining and accumulating with the Gondwana disposition in the south and the Eurasial disposition
in the north, together with the Phanerozoic, Paleo and Neotethyan territories, and the last tectonic
movement, which continued until the end of the Middle Miocene period, starting in the Late
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Mesozoic, between the Arabian and Eurasial plates [9-12]. From the orogenic records, the Anatolian
peninsula witnessed the development of large depressions by the beginning of the Cretaceous period
and the Neotethyan suture zones include outcrop plains and valleys between mountains [12, 13].
Devonian units of different litho-types and of different paleogeographic origin are parts of thick
Paleozoic sedimentary successions of the Pontides, Taurides and Arabian Plate. In the Taurides of
Southern Turkey, it has been distinguished six different tectono-stratigraphic units: Geyikdag Unit,
Aladag Unit, Bolkardag Unit, Bozkir Unit, Alanya Unit and Antalya Unit [8, 14].

All along its geological past, Turkey has been located between the two mega-continents:
Gondwana to the south and Laurasia to the north. It is generally accepted that numerous continental
fragments belonging to one of these mega-continents were drifted off from the main body and
amalgamated to the next so that the Anatolian realm is made of several oceanic and continental
"terranes” with different geological features. The last main orogenic event, the Alpine orogeny, related
to the closure of various Neotethyan branches directly controls the present distribution of these
terranes. Southeast Anatolian Zone unit is the northern promontory of the Arabian Platform, which
mainly consists of a pan African basement and its Paleozoic-Tertiary cover [15]. Southeast Anatolian
Zone is separated from the northerly located Bitlis Unit by an active thrust zone, known as "Southeast
Anatolian Fold and Thrust Belt" which can be traced south-eastward for hundreds of km’s (Zagros
Fold and Thrust Belt). The pre-Cambrian metamorphic basement of Southeast Anatolian Zone is
locally observed in Southeast Anatolia [16, 17]. It includes andesitic and rhyolitic lavas and
pyroclastics with bimodal chemistry, alternating with fluvial-deltaic type red clastic rocks and
mudstones. This rift-related basement complex is transgressively overlain by quartz-arenites that grade
into shelf type carbonates and nodular limestone of Middle Cambrian age [15, 18-25]. Southeast
Anatolia region covers an area of 120,000 km? and formed by rocky units from Cambrian to Miocene
Eve. The Miocene sequences extend from Ergani and Hani in the north to Harran near the Syrian
border in the south. In southern Turkey near Hazro, Hani and Cermik towns of Diyarbakir light and
dark beige limestones (Firat formation) are very rich in fossil records.

Consequently, fossils belonging to Coelenterata, Bryozoa, Brachiopoda, Mollusca, Annelida,
Echinodermata, Arthropoda and Hemichordata from invertebrate phyla were found in different parts
of Turkey indicated Map 1. The map 1 mostly shows that the fossils belonging to the phyla of
Mollusca and Echinodermata are found in the western part of Turkey, outside the region of
Diyarbakir. This study reveals that the distribution of Echinodermata and Mollusca fossils in Turkey is
also more southeastern. It is of great importance that there are not many studies related to the
determinations of the fossils in the southeastern part of Turkey. Probably, with new investigations,
marine fossils can be found in many places of Southeast Anatolia region. Approximately 36 million
years ago, most of the Southeast Anatolia region was covered with seas. Later on, this sea took its
present state about six million years ago by means of withdrawal of the Tethys Sea and shifting of the
continents [5].
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Map 1. Distribution of invertebrate fossils according to their phyla in Turkey [4]
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Map 2. Earth map: 220 million years ago. On the map, the remains of Anatolia and Laurasia,

Gondwana continents have been indicated. (http://www.kerbtier.de/Pages/Themenseiten/enPhylogenie.html)
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Abstract: The present study has evaluated the usage and properties of the mollusca phylum from the
history to today. Many types of molluscs are eaten worldwide, either cooked or raw due to their rich
nutritional value. Furthermore, they are used as pearl, cowry and accessory materials, for tools like
household dishes, cooking pots and utensils such as a spoon, cutlery, scoops, spatulas, etc. Some of
them are destructive and caused ecological damage, some serve as intermediate hosts for human
parasites; some can cause damage to crops. Mollusc meat is known to be highly nutritious and
salutary owing to its high content of essential amino acids, proteins, fatty acids, vitamins, and
minerals. In addition, some of the bioactive compounds including antiviral, antimicrobial,
antiprotozoal, antifungal, antihelminthic and anticancer products are producing by molluscs as
medicines. The largest edible snail is African land snail Achatina achatina mostly consumed by
African people. Molluscs were very prominent dishes during the Roman Empire due to their
aphrodisiac effect. Some mollusc species include zinc and essential amino acids which keeping up
body energy and boost sex drive as an aphrodisiac, arrange immune system and makes bones
stronger. Pearls are highly esteemed bivalve products containing nacreous deposit composed of 82 -
86% calcium carbonate (aragonite crystals), 10-14% organic substance conchiolin and 2-4% water.
Cowry is amarine snail from genus Cypraea dwelling on mostly in coastal waters of the Indian and
Pacific oceans and used instead of money. Money cowry (Cypraea moneta), a 2.5cm yellow species,
has served as currency in Africa.

Keywords: Molluscs, Nutrition, Medicine, Cowry, Pearls,

1. Introduction

Phylum Mollusca is divided into seven classes; Aplacophora, Polyplacophora,
Monoplacophora, Gastropoda (Prosobanchia, Opisthobranchia, Pulmonata), Bivalvia (Protobranchia,
Lamellibranchia, Septibranchia), Scaphopoda (tusk shells) and Cephalopoda (Nautilodea,
Ammonoidea, Coleoidea). This phylum is the second largest phylum in numbers of species containing

45


http://dergipark.gov.tr/mejs

Middle East Journal of Science (2018) 4(1):45-51 I!(‘

over 128.000 described species. They are ecologically widespread, dwelling on marine, freshwater,
terrestrial habitats, as well as gastropods, are successfully adapted to land. They can be great variety in
body size, roughly from 1 mm to 18 m. Many sorts of molluscs such as clams, scallops, snails, squids,
whelks, cockles, mussels, octopus, oysters, periwinkles, and winkles are consumed by humans from
historic times to today. Mankind has been deliberately culturing molluscs as food for a long time and
the earliest known records of someone farming molluscs for food come from Roman Empire.

2. Usage Areas of Molluscs and Their Benefits to Mankind
2.1. Nutritional contribution of molluscs for human diets

Human beings have eaten snails for thousands of years and nowadays snails are considered to
be common food consumed by millions of people worldwide, particularly in European countries [1, 2].
Additionally, the cephalopods which include the cuttlefishes, squids and the octopus are generally
operated for food fishes in most part of the world. In most of the countries, oysters and mussels are
used in the dishes and eaten as an aperitif meal. The largest edible land snail is the giant African land
snail Achatina achatina mostly consumed by African people. It can weigh up to 900 g and measure up
to 40 cm from snout to tail. In Turkey, Helix aspersa, Theba pisana, Eobania vermiculata, Cantareus
apertus, Helix asemnis, Helix cinctaand Helix lucorum are commercially important edible snails and
mostly exported to France, Greece, Germany, Italy and Spain [3-5]. Snail meat (escargot) is not only
tasty but also has several advantages over others: quite a low lipid rate and calorie values versus rich
mineral, essential amino acid and fatty acid content, especially polyunsaturated fatty acids (PUFA).
With higher omega-3 fatty acid content, snail meat is found being a factor affecting higher lifespan
and lower cancer rate in most of the countries. Calcium, magnesium, zinc, copper, manganese, cobalt,
and iodine are the predominant minerals of molluscs’ flesh [3-5].

2.2. Products and metabolites obtained from molluscs as medicines

Molluscs used directly as a food source may also contribute to the prevention of disease by
providing essential nutrients, as well as immuno-stimulatory compounds and other secondary
metabolites with direct biological activity [6]. Most of the molluscs are the source of lipid bioactive
compounds offering a variety of nutraceutical and pharmaceutical applications [6]. Among them, the
PUFA omega-3 fatty acids such as eicosapentaenoic acid, (C20:5®w3), and docosahexaenoic acid
(C22:6w3) are known for their beneficial effects on human health [4, 5, 7]. These PUFA 3 fatty acids
are widely known for their capacities on cardio protection. They reduce triacylglycerol and cholesterol
levels and have anti-inflammatory and anticancer effects. Numerous experiments on these animals
confirmed the cancer preventive properties of PUFA ®3 fatty acids from marine sources [7, 8].

The deadly venoms of some Cone shells (Conidae) are today being used to help victims of
strokes and heart disease, and to produce a revolutionary new drug for chronic pain control called
Ziconotide. An extract from the hard clam Mercenaria mercenaria L. is a strong growth inhibitor of
cancers in mice. The drug is called Mercenine. Ground and processed oyster shells are used as
calcium supplements both for humans and animals. Paolin, a drug made of abalone juice, is an
effective inhibitor of penicillin-resistant strains of bacteria such as Staphylococcus aureus,
Streptococcus pyogenes, Salmonella typhus. QOyster juice has been found to have antiviral effects and
may be made into a drug eventually [9]. The venom of Cone snails used for hunting their prey can be
dangerous, even lethal for humans. The venom is a neurotoxin and being studied for use in medicine.
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Since its toxin paralyzes the prey, it is being used to help patients with chronic pain, and it also shows
promise in treating epilepsy in the future [9].

2.3. Aphrodisiac effect of bivalves

The interactions between man and snails have been recognized from the earliest times. These
interactions became very prominent during the height of the Roman Empire when it was a common
practice to eat snails in the courts of the Emperor where they are used as an aphrodisiac [10]. The
researchers have analyzed bivalve molluscs, particularly oysters and realized that they are rich in rare
amino acids which trigger sex hormones level increasing. Most of the edible oysters are known as
aphrodisiac sources. Aplysia dactylomela, a species of local sea slug is also aphrodisiac effect in the
human body [11]. In some traditional place, people consume A. dactylomela raw to warm up their
bodies before going to the sea [12]. Furthermore, it is believed that A. dactylomela contains a high
level of steroids hormones [13]. On the other hand, oysters are rich in zinc, which is one of the
essential minerals and might have been associated with improving sexual potential in men. Adequate
zinc is needed for sperm production and hormone metabolism. Oyster efficacy is yet to be
scientifically validated before claiming that oysters have the aphrodisiac effect due to their
pharmacological properties [14].

2.4. Cosmetic industry uses molluscs for products

Snail and slug have been used sporadically as skin treatments since the time of the Ancient
Greeks. Hippocrates reportedly recommended the use of crushed snails to relieve inflamed skin and
some 20 years ago as well as the potential of snail slime was noted by Chilean snail farmers who
found that skin lesions healed quickly, with no scars, when they handled snails for the French food
market. This investigation resulted in the production of "Elicina"”, a Chilean snail slime-based product
[15]. In 2010, Aqua Cell Renew Snail Cream, claiming that its 70% snail extract, soothes regenerates
and heals skin. Snail slime based products are claimed to be the new miracle face-fixer in the U.S
where they are used to treat acne, reduce pigmentation and scarring, and combat wrinkles [15]. Slugs
are used in Italy to treat dermatological conditions. Mucus collected from a slug is rubbed onto the
skin to treat dermatitis, inflammations, acne and to promote wound healing and used for the treatment
of warts. Mucus from a live slug is first rubbed onto the wart and then the slug is hung out in the
sunshine to dry out and die. It is believed that once the slug has dried up, the wart disappeared [16].

2.5. Pearls as precious jewelry obtained from molluscs

Conchifera is the subphylum of molluscs that produce pearls. Although none of the molluscs
within the Conchifera subphylum can produce pearl-like formations, actually Bivalvia class of mollusc
is the outstanding group for the formation of pearls. Meanwhile, some gastropods and cephalopods
species also produce pearls. Although the shell of each mollusc is significant for identification of pearl
formation, it is actually the inner soft body (mantle) of the mollusc that scientifically defines the
species for the pearl. Black pearls are very expensive and come from Pinctada margaratifera showing
a wide range of color and luster, which are the most important characteristics determining their
commercial value. This variation is probably to be influenced by both environmental and genetic
factors. The latter may depend on the recipient oyster, but professional grafters commonly consider
that the color and luster of pearl is often related to the phenotypic properties of donor oyster [17].
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Pearls are highly esteemed bivalve product containing nacreous deposit composed of 82 - 86%
calcium carbonate (aragonite crystals), 10-14% organic substance conchiolin and 2-4% water. They
are produced when a tiny particle of sand or grit is trapped between the mantle and the shell; the
animal forms a protective cover around the irritant. The substance used to form this covering, the
pearl, is made from the iridescent material that lines the interior of the shell. It is called nacre or
aragonite. Some of the pearls used as valuable jewelry are made by natural pearl oysters and
freshwater mussels, however, most of the ones traditionally sold are cultured and not wild [18].

2.6. Ancient money cowry and accessories from mollusc shells

Cowry comes from genus Cypraea, family Cypraeidaea and has hard humped thick, colorful
and glossy shell. It occurs dominantly in coastal waters of the Indian and Pacific oceans. The 10
cm golden cowry (Cypraea aurantium) was traditionally worn by royalty in Pacific Islands, and
the money cowry (Cypraea moneta), a 2.5 cm yellow species, has served as currency in Africa and
elsewhere [19]. Cowry is called the kabttaj (Maldives), kauri (Bengal), kaudi (Hindi), kaoli (Chinese),
kavari (Martha) and cowry (English) and it is believed that it has been the first universal money. It has
lasted longer than any other in human history so far. Prior to being globally distributed on a large
scale, it was a scare and valuable item. Imitations of this shell have been made of wood, stone, jade,
other semi-precious stones, bone, bronze and even silver and gold. Marco Polo told of the cowry being
used as currency in many regions across Eurasia. Today, cowries are still used as currency in Ethiopia
and other remote corners of Africa [20].

Additionally, mollusc shells are sometimes used as ornaments in homes and workplaces being
decorative items as well as valuable habiliments in tribes by ladies and men. Furthermore, they are
used as accessory materials, for tools like household dishes, cooking pots and utensils such as a spoon,
cutlery, scoops, spatulas, etc. Some shells are often collected because of their great beauty. The more
rare and beautiful the mollusc, the more coveted is its shell. Unfortunately, collectors usually kill these
species so as to get its shell. This has resulted in many of the rare and unusual mollusc's species
becoming endangered.

2.7. Byssus from bivalve processed for valuable thread and fabric

Mussels attach to the substratum by means of a byssus, which is an extracellular, collagen
structure secreted by the foot. It is believed to be the finest fabric known to Egypt, Greece, and Rome.
If treated properly with lemon juice and spices, the remarkable material shines when exposed to the
sun. It is also incredibly light, for this reason, the wearer cannot even feel it touching the skin. It is said
to be as thin as a spider web, resistant to water, acids, and alcohols. Byssus fibers produced by mussels
are tough biopolymers composed mainly of proteins and water. These natural biopolymer fibers have
been intensively studied owing to their mechanical and adhesive properties. The extraordinary
strength, unmatched toughness, and extensibility of byssus fibers allow mussels to withstand the large
and repetitive forces produced by waving and crashing. They are composed of three collagen proteins
that make up the bulk of the thread core. Their toughness is considered six times greater than that of
the human tendon collagen and comparable with that of Kevlar and carbon fibers [21]. Nowadays, rare
fabric production from byssus in some places is present, however, the cost of the fabric and thread are
very expensive.
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2.8. Cleaning the water for better environment via bivalves

Each oyster filters about 30 to 50 gallons of water a day. Think of how much water a whole bed
of those awesome bivalves is cleaning, which makes these not only tasty creatures but good for the
environment ones as well. In many lakes, rivers, seas and water pools, the bivalves filter the water and
make them as a clean environment for other living creatures. Mussels and clams are clean up the
polluted waters by microorganisms. Bivalves serve as tiny water filtration systems, constantly sieving
the water around them in their hunt for a meal of bacteria or microscopic algae known as
phytoplankton. As they filter water, their tissues absorb some of the chemicals and pathogens that are
things like protozoan, herbicides, pharmaceuticals and flame retardants [22].

2.9. Qualified dyes, ink and glues obtained from molluscs

In ancient times, dyes were made from various molluscs. The most famous was from Bolinus
brandaris, a gastropod, from which Tyrian or imperial purple was obtained. Its common name is the
purple dye Murex. Purple was indeed extracted from the marine gastropod mollusc "murex™, which
has a spiny shell and lives near the coasts of Mediterranean Sea, length up to 8 cm for the largest
species. To extract the dye, shells were broken and the molluscs were macerated in basins. The
obtained dye could vary from pink to violet through crimson by using different sun-drying times.
Because of resistance to the dye and difficulty in harvesting the animal, purple fabrics were expensive
and highly estimated. They were only used for the cloth of noblemen, kings, priests, and judges. The
purple color, similar to blood, became a sign of temporal and spiritual power. Under the Roman
Empire, the chief commanders of the armies wore the "paludamentum”, a purple coat. However,
nowadays, the main component of the dye can easily be obtained through chemical synthesis [23].

Recently, the threads that some mussels (Mytilidae) use to attach themselves to rocks, piers, and
other hard surfaces are being tested as possible glue in surgery [9]. Additionally, many cephalopod
molluscs living in low-light or dark conditions, including the deep sea produce ink, actually for
hunting and protection. The ink sac is present at hatching, so even at a small size and young age.
Cephalopod ink is composed of secretions from two glands. The ink sac with its ink gland produces a
black ink containing melanin, and most of the cephalopod ink comes from this part. A second organ,
the funnel organ, is a mucus-producing gland that is much more poorly studied [24].

2.10. Inspiration from molluscs for surgical studies

Scallops have rings of bright blue eyes around the edges of their shells, though they can actually
only detect light and dark. However, their eyes have inspired research into various ways of seeing and
optical devices Since the axons of the nerve cell of cephalopods are larger than other creatures, many
experiments related to nervous system disorders are conducted on these axons. Side effects of some
medicines are determined by trying on mollusc species and then their usage is presented and
controlled.

The new adhesive combines the positively charged polymers found in slug go with hydrogels,
forming a bond, and the resulting substance is a strong adhesive that can stick to skin, cartilage,
arteries, and other types of living tissues without the issues that current medical glues have. Currently,
used products can be easily dislodged, can be toxic to certain tissues, and may become brittle. The new
glue shows greater strength than the current generation of surgical adhesives, and crucially, (can
stretch to 14 times its original size before failing), and sticks slowly over a period of time, which
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facilitates easy repositioning if needed. Also, the new product demonstrated low toxicity to living
tissue. The adhesive is not commercially available yet but shows the incredible potential in something
as insignificant as a garden slug [25].

3. Conclusion

Molluscs are extremely important members of many ecological communities, ranging in
distribution from terrestrial mountain tops to the hot vents and cold seeps of the deep sea. They can
range in size from twenty-meter long giant squid to microscopic aplacophorans, a millimeter or less in
length, that live between sand grains. Besides having tasty nutritional parts, molluscs often have
valuable hard parts as shells and pearls. These creatures have been important to humans throughout
history as a source of nutrition, biomolecules, secondary metabolites, cosmetics, medicine, jewelry,
tools, pearls, currency, musical instruments, fabric and etc. In recent times, we have heard alarming
news about these creatures. If serious measures related to their protection are not taken, a majority of
these creatures can be exhausted in the future.
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Abstract: In every province of Turkey more or less fruit species and varieties are grown. One of the
most important factors limiting the fruit growing of Kars province of Eastern Turkey. Four fruit
species are grown in Kars and their name are walnut, apple, plum and apricot. Considering the total
fruit production of Kars districts, Kagizman and Sarikamis are 6.841 and 1.085 tons of fruit
productions, respectively. No fruit production has the other districts. One of the most important
reasons for not cultivating fruit species and varieties in the other districts of Kars province is the
ecological conditions called climate and soil properties. In this study, through presenting the existing
status of the fruit production potential of Kars province, it was aimed to increase the awareness and
set light to decision makers.
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1. Introduction

The production of plants is healthier supply of raw materials to the industry and some crops
are subject to export is an important production activity. Fruits have effects on human health [1].
Consumption of fruits and vegetables has been strongly associated with reduced risk of cardiovascular
disease, cancer, diabetes and age-related functional decline [2]. Therefore, production of a lot of fruits
and many other plants is of great importance in the world because of human nutrition, raw material
supply for industry and foreign trade [3, 4].

Anatolia, as a country possessing different climates and lying in a passageway between the
gene centers named the Caucasian and the Mediterranean, bears many fruit species [5]. In this context,
some of the fruits known as apricot, walnut and apple have been traditionally and/or modernly
produced and consumed for centuries.

Turkey has a quite large potential regarding fruit species and production in the world [6]. and
has favourable ecological conditions for growing many fruit species and cultivars [7]. In this context,
Anatolia is a gene centre for many fruit species such as pistachios, figs, hazelnuts, almonds, apricots,
walnuts, pomegranates and apples. Many fruit species were grown in Anatoliaa few thousand years
ago [8]. However, Kars province has four fruit species grown generally, which are walnut, apple, plum
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and apricot [9]. The greatest reason for the small number of fruit species that grow and produce stems
from the ecological conditions of this province.

Kars province has a severe high plateau climate. This province is under the influence of the
high-pressure center of Siberia. Winter lasts seven months. Snow is high. Snow is close to 50 days in
the sun and the ground remains covered with snow for 100 days. The spring and autumn seasons are
short enough to be tried. The annual amount of rainfall is 528 mm in some places and 252 mm in some
places [10].

Kars province is mentioned with its famous Beylerbeyi palace (Fig. 1) and Sarikamig ski
resort (Fig. 2) in the world. In this study, through presenting the existing status of the fruit production
potential of Kars province, it was aimed to increase the awareness and set light to decision makers in
future plans for making use of the existing fruit potential.

Fig. 2. Sartkamig Ski Resort [12]
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2. Fruit Production Potential of Kars Province

Kars province of Turkey map and the districts’s map of this province were given Fig. 3.and
Fig. 4, respectively. Our country have 237.625.723 decares of area of agricultural land and 33.292.166
decares of the area for fruits and the beverage-spice [9]. According to the year of 2016, Kars province
has 7.926 tons of fruit potential production, 112.006 of number of fruitful trees, 33.667 of number of
unfruitful trees and 145.673 of total number of trees [9] (Table 1). The fruits’s name grown in Kars are
apple, walnut, pear, plum and apricot. Although fruit production have Kagizman and Eleskirt districts,
No fruit production has the others. Therefore, this province is suitable for the cultivation of some fruit
species and varieties.

ey Ankara

Fig. 4. Kars Districts’s Map (14]
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Table 1. Kars province’s fruit production ([9]

Area Number | Number

covered by of of Total

bulk fruit Production | fruitful | unfruitful | number
District | (decare) (ton) trees trees of trees | District
Walnut 684 82 57 1.440 6.705 8.145
Apple 1.816 1.330 69 19.271 5.787 25.058
Plum 6 1 67 15 10 25
Apricot 6.382 6.513 71 91.280 21.165 | 112.445
TOTAL 8.888 7.926 112.006 33.667 | 145.673

3. Fruit Potential Production of Kagizman District

Kagizman district has 6.841 tons of fruit production, 101.401 of number of fruitful trees,
29.107 of number of unfruitful trees and 130.508 of total number of trees. The highest and lowest fruit
production in Sartkamis district were obtained from apricot with 6.321 tons and from walnut with 57
tons, respectively (Table 2). In addition, this district has 463 tons of apple [9]. According to these
information, Kagizman district is suitable for the cultivation of apricot, apple and walnut species and
varieties.

4. Fruit Potential Production of Sarikamis District

Sarikamig district has 1.085 tons of fruit production, 10.605 of number of fruitful trees, 4.560
of number of unfruitful trees and 15.165 of total number of trees. The highest and lowest fruit
production in Sarikamis district were obtained from apple with 867 tons and from plum with 1 ton,
respectively (Table 2). In addition, this district has 192 tons of apricot and 25 tons of walnut [9].
According to these information, Sarikamis district is suitable for the cultivation of apricot, apple,
walnut and plum species and varieties.

5. Fruit production potential of the other districts

Kars province has eight districts named Akyaka, Arpagay, Digor, Kagizman, Sarikamis,
Selim, Susuz and Center [15]. Although fruit production have Kagizman and Sarikamis districts, No
fruit production according to TSI [9] has the others. Therefore, the development of fruit production in
Sarikamis and Kagizman districts will give more beneficial results. But, It should be applied to studies
of adaptation to various fruit species in some microclimatic areas, taking into consideration the
ecological characteristics of other districts.
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Table 2. Fruit potential production of Kars districts [9]

Area Average | Number | Number

covered yield of of Total
Districtand | by bulk Production | per tree |fruitful |unfruitful | number
fruit name fruit (ha) | (ton) (kg) trees trees of trees
Walnut 650 57 50 1.150 6.555 7.705
Apple 923 463 43 10.671 2.387 13.058
Apricot 6.200 6.321 71 89.580 20.165 | 109.745
KAGIZMAN 7773 6.841 101.401 | 29.107 | 130.508
Walnut 34 25 86 290 150 440
Almond 893 867 101 8.600 3.400 12.000
Plum 6 1 67 15 10 25
Apricot 182 192 113 1.700 1.000 2.700
SARIKAMIS 1.115 1.085 367 10.605 4.560 15.165

6. Development Opportunities of Fruit Production Potential of Kars Province

One of the most important factors limiting the fruit growing of Kars province of East Anatolia
Region of Turkey are the ecological conditions. However, the fruit species’s grown in this province
are apple, plum, apricot and walnut. It is possible to increase the production of these fruit species. It
should be applied to studies of adaptation to various fruit species in some microclimatic areas of the
ecological characteristics of other districts. At that time, fruit production in Kars province could be
further improved.
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