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Oz: Bu calismada reaktér korunda veya zirhlama betonunda kullanilan yapi
malzemelerin de bulunan #Sc, 5V, %2Cr, 5°Co ve %Cu izotoplarinn, 10 - 50 MeV
enerji araliginda foto - ndtron reaksiyonlarinin tesir kesiti hesaplamalar1 yapildi.
Hesaplamalarda Weisskopf - Ewing Model i¢in PCROSS, Hibrid Monte - Carlo
Simiilasyon Modeli i¢in ALICE - 2011 ve Kaskad Eksiton Model i¢in de
CEMO03.01 programlari kullanildi. Her model igin yapilan tesir kesiti
hesaplamalari birbirleriyle, EXFOR (Experimental Nuclear Reaction Data) veri
tabanindan alinan deneysel veriler ile ve literatiirde yer alan JANIS (Java - based
Nuclear Information Software) veri kiitiiphanesinden elde edilen degerlendirilmis
verilerle (JENDL/PD - 2004 ve TENDL - 2014) karsilastirildi.

(v,n) Reaction Cross Section Calculations of 4°Sc, 5V, %2Cr, %°Co and %3Cu Isotopes in

Reactor Building Materials
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Abstract: In this study, the cross - section calculations of photo - neutron
reactions of 4°Sc, 1V, 52Cr, °Co and 3Cu isotopes which are used in building
materials of reactor core or shielding concrete in the range of 10 - 50 MeV were
performed. PCROSS for the Weisskopf - Ewing Model, ALICE - 2011 for the
Hybrid Monte - Carlo Simulation Model, and CEMO03.01 for the Cascade Exciton
Model were performed in the calculations. The findings obtained from cross -
section calculations of each model were compared not only with each other, but
also experimental and theratical data gattehred from EXFOR (Experimental
Nuclear Reaction Data) database and JANIS (Java - based Nuclear Information
Software) data library (JENDL / PD - 2004 and TENDL - 2014), respectively.

* Bu ¢alisma, Omer Faruk OZDEMIR'in doktora tezinden iiretilmistir.
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1. Giris

Niikleer reaktdrler icin malzeme ve yakit se¢imi, fizik, kimya, malzeme bilimi ve miithendisligi,
sistem analizi ve ekonomi dahil ¢ok disiplinli bir yaklasimi icerir. Uygun malzemeyi se¢mek i¢in, her
bir malzemenin bakimi ve geri doniisiimii igin kimyasal bilesimleri dikkate alinmalidir. Ayrica yapisal
malzemelerin de yiiksek radyasyona dayanikli, yogun nétron akisina karsi diisiik aktivasyona sahip
olmasi diger zorunluluklardir (Simnad, 2003).

Niikleer reaktorlerde kullanilan yapisal malzemelerin gerceklestirdikleri reaksiyonlar, reaktor
omrti ile reaktoriin bakim ve onarim siirelerini etkiler (Clement, 2010). Yiiksek radyasyona maruz kalan
yapisal malzemenin transmutasyon sonucu radyoaktif izotoplara doniismesi istenmeyen bir sonugtur.
Bu nedenle s6z konusu reaksiyonlarin tiirli ve reaksiyon tesir kesitlerinin 6ngdriilebilir olmas1 uygun
malzeme se¢imi i¢in ¢ok dnemlidir (Simnad, 2003). Niikleer teknolojiyi verimli ve giivenli bir sekilde
kullanmak i¢in ¢ok sayida deneysel ve teorik veriye ihtiya¢ duyulur. Deneysel verinin elde edilememesi
veya deneysel arasgtirma yapilamamasi durumunda teorik kesit hesaplamalart 6nemli bir rol {istlenir.
Dolayisiyla tasarimda zirh geometrisi, kullanilan malzemenin bilesenleri ile yogunluklari, elementlere
ait tesir kesitleri ve termal 6zelliklerinin bilinmesi zorunludur (Shultis & Faw, 2012).

Tesir Kesiti hesaplamalar icin bilesik ¢ekirdek modeli (Weisskopf & Ewing, 1940), denge
oncesi bozunma i¢in (eksiton model) (Griffin, 1966), denge 6ncesi reaksiyon modellerinin sentezi olarak
kabul edilen hibrid model (Blann, 1971) ve yine denge oncesi parc¢acik yayinlama hesaplamalari i¢in
Kaskad - Eksiton Model (Gudima ve ark., 1983) onerilmistir. Blann (1996) tarafindan Monte Carlo
simiilasyon modeli kullanilarak yeni bir denge 6ncesi reaksiyon modeli sunulmus ve Hibrid Monte -
Carlo simiilasyon modeli ile hesaplamalar i¢in ALICE - 2011 bilgisayar program1 yaymlanmistir (Blann,
2011). Niikleer reaksiyon modelleri ile denge ve denge Oncesi pargacik yayinlama ve foto nétron tesir
kesiti hesaplamalar1 yapilmistir (Ugur ve ark., 2013; Siddik, 2019; Ozdogan ve ark., 2020; Fynan ve
ark., 2021).

Foto - notron reaksiyonlarinin, fisyon, fiizyon ve hibrit reaktoér korundaki nétron ekonomisine
katkis1 oldukga dnemlidir. Ayrica reaktor korundan yayinlanan yiiksek enerjili gama 1gilarinin menzil
ve giriciliginin biiyilk olmasi, reaktér zirhlamasinda foto - notron reaksiyonlarmin Onemini
artirmaktadir. Radyasyonun personel giivenligini tehdit etmesi ve elektronik ekipmanlarda tahribata
sebep olmasi nedeniyle reaktorlerde zirhlama bilyiik 6neme sahiptir (Gupta, 2001; Pearton ve ark.,
2013). Bu nedenle yapisal malzemelerin se¢iminde kullanilacagi yer ve olusabilecek ikincil
radyasyonlar g6z oniine alinarak bir planlama yapilmasi zorunluluktur secilen malzeme igindeki
izotoplarin niikleer reaksiyon tesir kesitlerinin belirlenmesi ve dngoriilebilmesi olduk¢a 6nemlidir.

Foto - niikleer reaksiyon tesir kesitleri i¢in uygulamada en 6nemli uyarilma enerji araligi, birgok
laboratuvar ve hastanede bulunan kii¢iik dogrusal hizlandiricilar ile elde edilebilen 25 MeV'e kadardir.
Ayrica, 30 MeVhnin altindaki disiik enerjilerde, dev dipol rezonansi (GDR) baskin uyarma
mekanizmasidir. 50 MeV enerjiye kadar olan foto niikleer veriler, gelistirilmekte olan yeni tibbi
hizlandirici teknolojileri igin de yararlidir (IAEA, 2000).

Niikleer reaktorlerde yapi malzemesi olarak yaygin bir kullanim alanina sahip olan betonun
hidrojen icermesi (%0.54-2.22) nétron ve gama zirhlama igin de uygun bir malzeme olmasini saglar
(Shultis, 2010). Reaktorlerde zirhlama amaciyla kullanilan beton igerisinde yer alan elementlerden
bazilarinin foto - notron reaksiyonlar: ile yayinlanan ikincil radyasyon ve olusan kararh ¢ekirdekler
asagida verildigi gibidir.

ecpt
SSc(y,n)*Sc  (3.97 saat) ——— **Ca

+

S ()5 (265 yil) — b SOT

S2cr(y,n)Sicr  (27.7 gun) L) 51y o
ec Bt

g
9Co(y,n)%Co  (70.86 giin) ——— 58Fe

ﬁ+
S3Cu(y,n)%2Cu  (9.67 dak.) ———s 62N

62
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45Sc, 51V, 52Cr, 5°Co ve®3Cu izotoplar: icin verilen reaksiyonlarda gériilen son iiriinlerin
kararl izotoplar olmalar1 bir avantaj saglamakta ancak olusan ikincil pargaciklar () ortam igerisindeki
elektronlarla annihilasyon gerceklestirerek yeniden diisiik enerjili bir gama yayinlanmasina neden
olurlar. Yapisal malzeme i¢inde olusan ikincil gamalar sayet zirhlama malzemesinin yiizeyinden
yayinlanirsa personel ve ekipman gilivenligi i¢in dezavantaj olusturabilir. Bu nedenle yapisal
malzemelerin se¢iminde kullanilacagi yer ve olusabilecek ikincil radyasyonlar goz 6niine alinarak bir
planlama yapilmasi zorunluluktur. Bu amagla malzeme icindeki secilen izotoplarin niikleer reaksiyon
tesir kesitlerinin belirlenmesi ve 6ngoriilebilmesi olduk¢a 6nemlidir.

Bu ¢alismada reaktor korunda veya zirhlama betonunda kullanilan yap1 materyallerinde bulunan
455c. 31y 52¢y 59Co ve®3Cu izotoplarin, 10-50 MeV araliginda foto - nétron reaksiyonlariin tesir
kesiti hesaplamalari yapildi. Hesaplamalarda Weisskopf - Ewing Model i¢in PCROSS, Hibrid Monte -
Carlo Simiilasyon Modeli i¢cin ALICE - 2011 ve Kaskad Eksiton Model i¢in de CEM03.01 programlari
kullanildi. Her model i¢in yapilan tesir kesiti hesaplamalari birbirleriyle, EXFOR (Experimental Nuclear
Reaction Data) veri tabanindan alinan deneysel veriler ile ve literatiirde yer alan JANIS (Java - based
Nuclear Information Software) veri kiitiiphanesinden elde edilen degerlendirilmis verilerle (JENDL/PD
- 2004 ve TENDL - 2014) karsilagtirildu.

2. Materyal ve Yontem

S1vi damlast modeli benzetiminin kullanildig1 Bilesik Cekirdek Modeli niikleer reaksiyonlarin
iki bagimsiz asamada gerceklestigini varsayar. Bu asamalardan ilki; ¢ekirdegin mermi tanecik ile
istatistiksel dengeye ulastig1 bilesik ¢ekirdegin olusumu, ikincisi ise; bilesik ¢ekirdegin bozunumudur.

Weisskopf - Ewing (WE) modele gore bilesik ¢ekirdek reaksiyon tesir kesiti;

o(a,b)=0,(¢)n,(E) 2)

seklinde verilir (Weisskopf & Ewing, 1940). Burada o, (¢); € enerjili a parcaciklari ile bombardiman
edilen hedef ¢ekirdegin bilesik ¢ekirdek olusturma tesir kesitidir. Kismi parcacik yayinlama olasiligi 1y,
ise;

1—‘b
ST, @

br

m =

olarak tanimlanir. Burada [}, bilesik ¢ekirdegin birim zamanda b parcacigi yayinlama olasiligidir ve E
uyarilma enerjisinin dl¢lilmesindeki belirsizligin bir dl¢tisiidiir.

|nv

Ly = REPY. 2.2 Mo a)l ( E

_2s,+1 jd L@ L (U) @

N—"

Burada o™, U, u, Ve sy sirastyla ters reaksiyon tesir kesiti, iiriin ¢ekirdegin uyarilmis durum enerjisi,
indirgenmis kiitle ve spindir. E uyarilma enerjisine sahip bilesik ¢ekirdegin yogunluk seviyesi

1 exp[z a(E- D)}

- (®)

seklinde verilir ve D ¢iftlenim enerjisidir. @, g, tek pargacik seviye yogunlugu olmak iizere &= 6g/m>
seklinde verilir (Capote ve ark., 1991).

Hesaplamalarda kullanilan ikinci model, Kaskad Eksiton Modelde (CEM) niikleer
reaksiyonlarin i. Intraniikleer Kaskad (INC), ii. Denge 6ncesi (Pre-Equilibrium) ve iii. Denge (Bilesik
Cekirdek) olmak {izere li¢ asamada gergeklestigi varsayilir:
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[k asama olan INC Model; cekirdege giren mermi parcacigin enerjisi cekirdek tarafindan
sogurulana kadar carpigmalarla saparak ikincil parcaciklar olusturmasi siirecidir ve Monte Carlo
hesaplama yontemine dayanan bir istatistik modeldir. INC Model’e gore; enerjinin niikleonlar arasinda
paylagimu ile ¢ekirdek, istatistik anlamda dengeye ulasir ve WE Modele benzer sekilde buharlagma ile
parcacik yaymlar (Mashnik ve ark., 2005).

CEMO03.01 programinda INC model hesaplamalari igin Dubna kaskad modelinin standart
(zamandan bagimsiz) versiyonunu kullanilir ve tiim kaskad hesaplamalari ii¢-boyutlu olarak ele alinir.
10~40 MeV araligindaki enerjilerde foton tek bir niikleonla degil rezonans bdlgesiyle biitiin olarak
etkilestiginden INC model kullanilamaz (Mashnik ve ark., 2005). Gelme enerjisinin, GDR bdlgesinin
tizerinde oldugu reaksiyonlar i¢in ortaya konulan, Dubna INC modelin fotoniikleer versiyonu kullanilir.
CEM, INC ile Denge arasinda denge-Oncesi parcacik yayinlanmasini 6ngoriir. Eksiton durumu
belirlenen cekirdek, denge durumuna ulasana kadar, Eksiton Model’de verildigi gibi her adimda
pargacik yayinlayabilir (Gudima ve ark., 1983).

CEM’de tesir kesiti hesaplamalarina her ii¢ asamanin da katkisi dahil edilir ve parcacik
spektrumu

o(p)dp=c;, [ N“(p)+N"*(p)+N*(p)]dp (6)

denklemi ile elde edilir. Burada p; momentum ve o;,,; inelastik tesir kesitidir. a;;, cascade model i¢inde
hesaplanir (Mashnik ve ark., 2005).

Hibrid Monte - Carlo Simulasyon (HMS) modeli; denge - 6ncesi Hibrid model temel alinarak
hazirlanmis, kinematik a¢idan dogrulanan iki ya da {i¢ eksiton durumlu, her bir ¢ekirdegin sinirsiz sayida
denge Oncesi pargacik yaymlama olasiligini g6z 6niine alan bir modeldir (Blann, 1996). Bu modelde,
Monte Carlo se¢imi i¢in dncelikle, uyarilmis niikleonun garpigsacagi niikleon tiirii belirlenir. Sagilmaya
ugrayan niikleonlarin ve boslugun, Fermi seviyesi {izerindeki enerjileri belirlenerek parcaciklarin
sacilma ya da yayinlanma durumu segilir. Bu siireg; ¢cekirdek, denge durumuna yakin enerjilere ulasana
kadar devam eder.

HMS model de, ¢; kanal enerjili bir niikleonun siireklilige (continuum) yayinlanma olasiligi;

% (50 7
4 (e )+ 2, [ +BE(Z,Av)] (7)

P, (gL):

seklinde verilir. Burada, A.(g,); €, enerjili niikleonlarin siireklilige gegis orani, A, ; i¢ gegis oranidir.
Rolativistik kanal enerjisi & ;

g =&—BE(Z',A"v) ®)

olarak tanimlanir. £; Fermi enerjisi tizerindeki niikleon enerjisi, V; proton ya da nétron, Z' ve A'; sirasiyla
kaskad siirecindeki ¢ekirdegin atom ve kiitle numaralaridir (Blann, 2011).

3. Bulgular

Bu calismada *5Sc(y,n)**Sc , “W(y,n)>°V , 32Cr(y,n)%Cr , °°Co(y,n)°®Co ve
63Cu(y,n)®%Cureaksiyonlar: igin 10 - 50 MeV arahginda foto - notron reaksiyon tesir kesitleri
hesaplamalar1 WE Model i¢in PCROSS, HMS model igin ALICE - 2011 ve Kaskad Eksiton Modeli igin
de CEMO03.01 programlar1 kullanilarak yapildi. Her model i¢in yapilan tesir kesiti hesaplamalari
birbirleri ve EXFOR (Experimental Nuclear Reaction Data) veri tabanindan alinan deneysel veriler ile
karsilastirildi. Deneysel verilerin siirlt olmasi nedeniyle yapilan karsilastirmalarda; JANIS (Java -
based Nuclear Information Software) lizerinden alinan ve literatiirde yer alan JENDL - 4.0 (Japanese
Evaluated Nuclear Data Library), TENDL - 2014 (TALYS - based Evaluated Nuclear Data Library) ve
JEFF - 3.2 (Joint Evaluated Fission and Fusion File) degerlendirilmis veri kiitliphanelerinden
yararlanilarak Sekil 1, 2, 3, 4 ve 5 teki grafikler ¢izildi.
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33¢(5,n)*Sc reaksiyonu tesir kesiti hesaplamalarindan (Sekil ; WE model sonuglar1 12 - 28 MeV
araliginda deneysel verilerle uyumludur. 28 MeV'den itibaren diger model sonuglarmdan ve
degerlendirilmis verilerden daha biiyiik degerli ancak benzer yapidadir. HMS model ve CEM
hesaplamalari, deneysel ve TENDL - 2014 verileri iyi uyum igerisindedir.

1000 — 45Sc(y,n)44Sc = .« == Waisskopf Ewing Madel (PCROSS)

----- HMS Model (ALICE-2011)
Kaskad Eksiton Medel (CEM03.01)

[ ] L0039.038-AVeyssiere ve ark. 1974
TENDL-2014

o
]

o

Tesir Kesiti (mb)

0.01 I T ' | T \
10 20 30 40 50
Gama Enerjisi (MeV)

Sekil 1.%Sc(n)*Sc reaksiyonunun hesaplanan tesir kesitlerinin deneysel (EXFOR) ve degerlendirilmis
verilerle (TENDL - 2014) karsilastirilmasi.

S1V(5n)*V reaksiyonu tesir kesiti hesaplamalarindan (Sekil ; HMS model sonuglar1 12-27 MeV
araliginda deneysel verilerle ¢ok iyi uyumludur. Tiim enerji araliginda diger model sonuglarindan daha
diisiik degerli ancak CEM hesaplamalari ile benzer yapidadir. WE model ve CEM hesaplamalari,
deneysel veriler ile iyi uyum igerisindedir. **V(n)*°V reaksiyonu icin JANIS veri tabaninda
degerlendirilmis veri bulunmamaktadir.

1000 51V(v,n)5°V — . = \VeisskopfEwing Model (PCROSS)

----- HMS Model (ALICE-2011)

Kaskad Eksiton Model (CEM03.01)

[ ] L0001.003-8.C Fultz ve ark. 1962

+ L0039.041-A Veyssiere ve ark. 1974

iy M0635.040.1-V.V Varlamov ve ark. 2003

100

Lol
W)
[

1 I\IHH{

Tesir Kesiti (mb)

1 \\IH\”

01

0.01
\ | \ \

10 20 30 40 50
Gama Enerjisi (MeV)

Sekil 2.%V(,n)*V reaksiyonunun hesaplanan tesir kesitlerinin deneysel (EXFOR) ve degerlendirilmis
verilerle JENDL/PD-2004, TENDL-2014) karsilastirilmasi.
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%2Cr(yn)>'Cr reaksiyonu tesir kesiti hesaplamalarindan (Sekil ; WE model sonuglar1 18 - 25
MeV araliginda deneysel verilerle ¢ok iyi uyumludur. 25 MeV'den itibaren diger model sonuglarindan
daha biiyiik degerlidir. HMS model ve CEM hesaplamalari, deneysel verilerle iyi uyum igerisindedir.
*2Cr(yn)°'Cr reaksiyonu icin JANIS veri tabaninda degerlendirilmis veri bulunmamaktadir.

1000 52Cr(y,n)>1Cr — - — WeisskopfEwing Model (PCROSS)

----- HMS Model (ALICE-2011)
Kaskad Eksiton Model (CEM03.01)

1 \IHIIl

. MO070.005-A M.Goryachev ve G.N.Zalesnyy 1982

100

1 L\LIHII

Tesir Kesiti (mb)
=

1 J.MMHM

lIHHl‘

0.1
| ' | I ! \
10 20 30 40 50
Gama Enerjisi (MeV)

Sekil 3.%%Cr(yn)*'Cr reaksiyonunun hesaplanan tesir kesitlerinin deneysel (EXFOR) verilerle
karsilagtirilmasi.

%Co(y,n)*Co reaksiyonu tesir kesiti hesaplamalarindan (Sekil ; WE model sonuglar1 10 - 30
MeV araliginda deneysel verilerle ¢ok iyi uyumludur. 30 MeV'den itibaren diger model sonuglarindan
ve degerlendirilmis verilerden daha biiyiik degerli ancak benzer yapidadir. HMS model ve CEM
hesaplamalari, deneysel ve JENDL/PD - 2004 ile TENDL - 2014 verileri ¢ok iyi uyum igerisindedir.

5900(«/,n)58Co = . == eisskopf Ewing Model (PCROSS)
————— HMS Model (ALICE-2011)

Kaskad Eksiton Model (CEM03.01)

L0001.008-5 C Fultz ve ark. 1962

L0028.008-R.A Alvarez ve ark. 1979

M0106.003-E .B.Bazhanov ve ark. 1964

M0298.005-M.G.Davydov ve ark. 1987

JENDL/PLD-2004

TENDL-2014

1000

1 \IIHIIl

100

Tesir Kesiti (mb)
=
L1 HJILll | - HHII‘

-

L IHIH‘

L1 J\Hll‘

0.01
\ ' \ ' I | |

10 20 30 40 50
Gama Enerjisi (MeV)

Sekil 4.°Co(yn)*®Co reaksiyonunun hesaplanan tesir kesitlerinin  deneysel (EXFOR) ve
degerlendirilmis verilerle (JENDL/PD - 2004, TENDL - 2014) karsilastirilmasi.

83Cu(yn)®Cu reaksiyonu tesir kesiti hesaplamalarindan (Sekil ; WE model sonuglar 12 - 22
MeV araliginda deneysel verilerle ¢ok iyi uyumludur. 22 MeV'den itibaren diger model sonuglarindan
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ve degerlendirilmis verilerden daha biiyiik ancak benzer yapidadir. HMS model ve CEM hesaplamalari,
deneysel ve JENDL/PD - 2004 ile TENDL - 2014 verileri ¢ok iyi uyum igerisindedir.

1000 63cu(y,n)52cu — - — Weisskopf Ewing Model (PCROSS)

----- HMS Model (ALICE-2011)

Kaskad Eksiton Medel (CEM03.01)

. M0347.009-P.R.Byerly Jr ve W.E.Stephens 1951
+ MO0371.002-V.V Varlamov ve ark. 1994

* M0450.002-A.|. Berman ve K L.Brown 1954

+ MO0661.004-V.V Varlamov ve ark. 2004

100

JENDL/PD-2004
TENDL-2014

o

Tesir Kesiti (mb)

-
-
-
- -

| \IIHII!

0.01
| ’ | \ ' \
10 20 30 40 50
Gama Enerjisi (MeV)

Sekil 5.%%Cu(yn)®Cu reaksiyonunun hesaplanan tesir kesitlerinin  deneysel (EXFOR) ve
degerlendirilmis verilerle (JENDL/PD - 2004, TENDL - 2014) karsilagtirilmasi.

4. Tartisma ve Sonug¢

Bu calismada niikleer reaktdr yapi materyallerinde bulunan #°Sc, 51V, 52Cr, 5°Co ve ®3Cu
izotoplarmin, 10 - 50 MeV araliginda foto - ndtron reaksiyon tesir kesiti hesaplamalar1 yapildi.

Denge ve denge Oncesi reaksiyon modellerinin kullanildigi hesaplamalar, Weiskopf-Ewing
Model i¢in PCROSS, Hibrid Monte Carlo Simulasyon Modeli igin Alice-2011 ve Kaskad Eksiton Model
icin de CEM03.01 bilgisayar programlari ile yapildi. Elde edilen sonuglar birbirleri ve literatiirde yer
alan deneysel ve degerlendirilmis verilerle karsilastirildi.

Sonuglar ayrintili olarak incelendiginde WE model sonuglarinin 10 - 28 MeV enerji araliginda
deneysel ve degerlendirilmis verilerle uyumlu ancak yiiksek enerji bolgesinde diger model
sonuclarindan ve degerlendirilmis verilerden daha biiyiikk sonuglar verdigi goriiliir. 5°Co
hesaplamalarinda ise WE model yiiksek enerji bolgesinde degerlendirilmis verilerden daha basarili
sonuclar vermekte ve deneysel verilerle ¢ok iyi uyum gostermektedir.

HMS ve CEM *°Sc hesaplamalar1 haricinde deneysel verilerle iyi uyum gdstermekte, yiiksek
enerji bolgesinde de degerlendirilmis verilerle uyumunu siirdiirmektedir.

Elde edilen bulgular, diisiik enerji bolgesinde her iic modelinde literatiirde yer alan verilerle
uyumlu oldugunu ve basarili hesaplamalar yaptigim1 gosterir. Yiiksek enerji bolgesinde ise HMS ve
CEM model degerlendirilmis verilerle uyumludur ve herhangi bir parametre diizeltmesine gerek
olmadan kullanilabilecekleri seklinde yorumlanabilir.
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Abstract: In this study, sound measurement between ios and android operating
system based mobile phones (Soundmeter, Decibel X) and commercial sound
measurement devices (Cem dt8852, Svantek sv104) was tested. Sound
measurement intensities and energies were determined, measurement
uncertainties of ios and android devices according to the application were
determined. Measurements were carried out at the same time in the indoor and
outdoor environment. Iphone 7+ (los operation system) and Samsung note 8
(Andorid operation system) used. Significant sound measurement differences
were obtained between the two different mobile phone applications. There was
no significant difference between commercial measurement devices. Commercial
measuring devices were calibrated and can be used as reference devices. Using
these devices, it was observed that ios and android-based applications receive
faulty measurements on average between 10-20%. As a result of the
measurements taken with the applications, it was determined that the
measurement uncertainty is in the range of approximately +4-5dB.

Ortam Giiriiltii Siddetinin, Ios ve Android Tabanh Ses Ol¢iim Uygulamalari ile Ticari
Ses Ol¢iim Cihazlar: Kullanilarak Karsilastirilmasi ve Olciim Belirsizliginin Elde
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Oz: Bu calismada, ios ve android isletim sistemi tabanli cep telefonlarindaki ses
Olctiim uygulamalar1 ile (Soundmeter, Decibel X), ticari ses 6l¢iim cihazlar1 (Cem
dt8852, Svantek sv104) arasindaki ses 6l¢limii test edilmistir. Ses 6l¢tim siddetleri
ve enerjileri belirlenmis, ios ve android cihazlarin, uygulamaya gore dlglim
belirsizlikleri belirlenmistir. Olg¢iimler i¢ ve dis ortamda ayn1 anda
gerceklestirilmistir. Ios kullanan iphone 7+ ve android kullanan samsung note 8
cihaz1 kullamlmustir. iki farkli cep telefonu uygulamalari arasinda énemli ses
6l¢iim farklar elde edilmistir. Ticari 6l¢iim cihazlari arasinda ise 6nemli bir fark
bulunmamustir. Ticari 6l¢lim cihazlari kalibre edilmis oldugundan, referans cihaz
olarak kullanilabilir. Bu cihazlar kullanilarak, ios ve android tabanl
uygulamalarin ortalama %10-20 arasinda hatali 6l¢lim aldig1 goézlenmistir.
Uygulamalar ile alinan 6lgiimler sonucunda, 6l¢iim belirsizligi yaklagik +4-5dB
araliginda oldugu tespit edilmistir.
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1. Introduction

Sound is periodic pressure changes in the atmosphere that can be perceived by our ears. Sound
is a form of energy that spreads in waves. Any vibrating object pushes and compresses the air in front
of it, and there is a sudden drop in pressure behind the object. At the same time, the air in the back fills
this space. With this movement, neighboring molecules vibrate in the same way and vibrations are
emitted as a result of the chain movement. This distribution is performed as a sine wave. Such pressure
waves in the air reach the ear and vibrate the eardrum. Nerves turn these vibrations into electrical signals
and transmit them to the brain, so that the sound in the environment is heard. Sound can be spread in
any environment (Serway et.al. ,1999; Serway & Jewet, 2010).

Sound from a source has a certain wavelength, frequency, period, intensity and power. Sounds
from different sources can interfere with each other and sound waves of very different frequency and
intensity may occur. The measurable intensity of the sound is called decibels (dB). The intensity of the
sound is the amount of power passing through the unit surface perpendicular to the separation direction
of the wave (Young & Freedman, 2011).

The formula for sound intensity is as follows (Young et.al., 2013);

B = 10Logio (1/10?) Q)
where, | is sound intensity (watt/m?). In the SI unit system, the unit of intensity of the sound is

given in decibels (dB — watt/m?).
Various sound/noise intensities heard around us are given in Figure 1.

150 | —Jet Engine
140
130
Drill = 1 120
110 | —~Industry
Music = 100
90 |-—~Automobile
80
Office 70
60 |—~-House
50 | —Wind Turbine
40
Bedroom-—| 30
20 :
—Flying Leaf
10 ying
Decibel

Figure 1. Various intensity of the noises/sounds.

Sound can move at different speeds according to separation medium. The speed of sound
separation in a certain environment is calculated as follows (Mazda, 1993);

v= |2 )
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Where, e is elastic modulus of separation medium, and p is density. Sound spreads faster in
solids and liquids than gases. Under normal conditions, the speed of sound in air is 343 m/s.

Since the intensity of a sound separation in the air is determined logarithmically, it is not
possible to perform mathematical direct operations with the decibel unit intensity. Therefore, the decibel
sound intensity must be converted into known sound intensity units. A set of semi-empirical formulas
can be produced with the sound intensity that can be converted into watt/m?with formula (1). Thus, the
power (P) and energy (E) of the sound in the environment can be calculated by the following equations;

P=1s (3)
E =P.At (4)

In here, | is the intensity of the sound from (1) equation (watt/m?), s is the surface cross-sectional
area of the microphone on the sound recording device (m?), and At is timekeeping of the sound
measurement (5).

Also, the pressure change in the sound can be written as;

Ap = /2pvi (5)

In here, p is density of the medium, and v is velocity of the sound.

Internationally, sound intensities are examined under 4 groups. Among these groups called A,
B, C and D, the dB (A) group is used for the measurement of noise levels perceived by the human ear
(TSE, 2014), dB (D) is used to determine the sound levels of jet engines, which are much louder. A
sound level measuring device (Decibelmeter) is needed to measure the noise around us. These devices
can determine the intensity of the sound in dB. On the other hand, mobile phones can function like sound
meters. Environment sound can be recorded with microphones and applications on mobile phones
(ANSI, 2007).

In our environment, sounds above 60 dB are called noise and can have significant side effects
when exposed to it constantly. Noise is a problem that affects everyone. It has been determined by many
researchers that people who stay in high-noise environments for a long time have permanent hearing
losses (Sriwattanatamma & Breysse, 2000; Pienskowski et.al., 2013). According to some studies, high
sound exposure can cause an average of 16% hearing loss. In addition, according to a study conducted
in China, most of the youth working under the age of 16 are exposed to 92dB of loudness and causes
serious hearing loss (O’malley et.al. 2009; Sheppard et.al., 2020; Sun et.al., 2021).

According to Occupational Safety and Health Administration (OSHA) and the National
Institute for Occupational Safety and Health (NIOSH) organizations, the maximum sound intensity that
people can be exposed to has been determined. The maximum sound intensity levels for 8 hours of
working per day are specified as 85dB (NIOSH) and 90dB (OSHA) (NIOSH, 1998; May, 2000; OSHA,
2013).

In Turkey, the sound exposure values are determined in accordance with law no. 6331
occupational health and safety law. According to No. 6331 law, it is specified as a maximum of 85db
for 8 hours of working per a day (TOG, 2012).

According to some researches, environment sound measurements can be taken with ios and
android based applications. In these studies, A type and C type environment sound measurements were
taken using different mobile applications and the differences between these applications were shown
(Maisonneuve et.al., 2010; Kanhere, 2013; Anonymous, 2013b). It has been reported that there is an
average of 2dB difference between mobile applications (Kardousb et.al., 2014). In another study,
environment sound analysis was performed with 100 different mobile phones. It has been stated that
los-based mobile applications are superior to android-based applications and it has been shown that
there is an average of 1dB difference (Murphy et.al., 2016). In addition, in another study using both
mobile phones and tablets, it has been stated that ios-based applications work more stably and there are
average 2dB differences (Maisonnuve et.al., 2009; Kanio, 2010; D’Hondt et.al., 2013).

In present work, the sound levels in indoor and outdoor locations were determined in dB unit
with two different sound measurement applications based on los and Android and two different
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commercial sound measurement devices that calibrated (internationally traceable, accredited).
Measurement uncertainties of ios and android based mobile phones were calculated. The energy, power
and pressure change of the sound were calculated from the obtained sound intensity values.

2. Materials and Methods

Smart phones (Iphone 7+ for ios-based and Samsung Note8 for android-based) with two
different operating systems used in the experimental study. Soundmeter (developed by Faber Acustical)
and Decibel X (developed by SkyPaw Ltd.) used in both phones as sound measurement applications.
Commercial sound meters Cem DT8852 and Svantek SV104 used. Commercial sound measuring
devices were calibrated by an accredited organization and measurement uncertainties were given as
0.5dB and 1dB respectively. Thus, 4 different measurement methods were defined (iphone 7+, samsung
note8, Cem, and Svantek).

In indoor and outdoor locations, 10 measurements were taken in 5 seconds (At=5s) at the same
time. The mean and standard deviation of the measurements were calculated. In addition, using the
relevant equations, measurement intensity, energy and pressure calculated. The measurement chart is
given in Figure 2.

r N

Measuring
Specify using Phones ) . e
\,
the measurement V:rlous calcu atlons
. O measurements
area 4 N

Measuring
using Devices

\ v

Figure 2. The measurement chart.

Measurements taken from various areas of a university. These areas are named as follows;
“Entrance, Canteen/Dining Hall, Park/Resting Area, Classroom, Laboratory”. In addition, a box covered
with sound insulation material was designed and the muteness measurements of the devices were taken
in this box. When there was almost no noise in the environment, the sound data measured by the devices
were evaluated in this box.

Sound intensity measured in decibels was converted to | (sound intensity) using equation (1).
Later, the P power of the sound intensities was calculated from the formula (3), and the E energies from
the formula (4). In addition, the pressure variations of the sound were calculated using the formula (5).
For experiments in air environment, p; the air density (1,2 kg/m®) and v; the speed of sound in the air
(343 m/s) were used. The measuring range (timekeeping) At was evaluated as 5s.

In addition, the surface cross-sectional areas, s=0.45*10°m? (for Apple iphone 7+),
$=6.5*10"m? (for Samsung Note8), s=9.499*10-°m? (for Cem DT8852), and s=1.26*10-°m? (for Svantek
SV104) were determined from the technical information of the related devices (for iphone and samsung,
mic chip sizes are taken, for Cem and Svantek, device manufacturers declarations were taken).

Commercial sound measuring devices used in the study are shown in Figure 3.
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(b)

Figure 3. Commercial sound measurement devices, (a) Svantek SV104, and (b) Cem DT8852.

3. Results and Discussion

The sound intensity spread in the environment is the sounds that arise from multiple different
sources and have different frequencies. Therefore, the sound intensity from each sound source can also
be different. Both ios, android-based phones and Cem and Svantek sound measuring devices convert
the sound energy that they received from the environment into electronic voltage values. They all display
their instantaneous sound values in dB unit. Using these data, the energy, power and pressure difference
values of the sound are shown in Table 1.

According to Table 1; sound meter application measured the highest sound value in both ios and
android based phones in the canteen and parking area. Values over 80dB were recorded in these areas
as well as the sound intensities | in unit of (watt/m?) were calculated at highest. Similar results were
obtained with the Decibel X application. On the other hand, the lowest values were observed in the
measurements inside the insulation box. However, the measurements inside the insulation box evaluated
separately according to the measurements in other areas. Therefore, it can be said that the lowest sound
measurement location is the laboratory according to both the sound meter and the decibel x application.

Commercial measuring devices also recorded the highest and lowest sound values in the canteen
and laboratory, respectively. However, there was a measurement difference between commercial sound
meters and mobile applications sound data, ranging from an average of 10-20%. Measurements taken
with both ios and android-based phones recorded an average of 10-20% more than the measurements
taken by commercial sound meters.

Measurements taken in an isolated box can be defined as electrical noises that can be measured
when there is almost no sound in the environment. The point to note here is that there is an almost 50%
difference between Cem and Svantek devices. Although the uncertainties of both devices are almost the
same, there is a difference close to 50% in the measurement’s unit in dB. It is thought that this situation
may be electronic noise caused by different electronic circuit elements used in Cem and Svantek devices.
Sound values (in dB units) recorded by mobile applications and devices in the isolation box are given
in Figure 4.
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Table 1. Calculated of the average sound intensity in dB and watt/m? unit, power (P), energy (E), and
pressure difference (Ap).

Measurer'z\erz(r;at1 Device Application dB(A) | wattm?) P (Watt)  E(Joule) (A[\IJD/mZ)
(average)  x10°® x10°13 x10°1 %103
Inhone 7+ Sound meter  80.21 104.954 472,294  23.61 293.935
P Decibel X 61.72 1.485 6.687 0.334 34.975
Samsung Sound meter 77 50.118 325.772  16.288 203.119
Entrance z\:lgrts 8 Decibel X 62.2 1.659 10.787 0.539 36.962
DT8852 58.35 0.683 650.0 32.482 23.728
Svantek
S\V104 57.43 0.553 69.4 3.472 21.343
Inhone 7+ Sound meter  82.23 167.109 752.0 37.599 370.896
P Decibel X 71.12 12.942 58.2 2.911 103.217
Samsung  Sound meter  81.16 130.617 849.0 42.45 327.908
Canteen/Dining  Note 8 Decibel X 70.33 10.789 70.1 3.506 94.244
Hall Cem
DT8852 65.3 3.388 3220 160.9 52.814
Svantek
S\V104 64.73 2.971 373.0 18.64 49.459
Inhone 7+ Sound meter  81.16 130.617 588.0 29.38 327.908
P Decibel X 74.69 29.444 132.0 6.624 155.687
Samsung  Sound meter 82.39 173.38 1130 56.35 377.791
Park/Resting Note 8 Decibel X 72.36 17.218 112.0 5.596 119.056
Area Cem
DT8852 54.37 0.273 260.0 12.99 15.005
Svantek
S\V104 54.41 0.276 34.6 1.732 15.075
Inhone 7+ Sound meter  68.49 7.063 31.8 1.589 76.252
P Decibel X 54.21 0.263 1.19 0.059 14.731
Samsung  Sound meter  68.03 6.353 41.3 2.065 72.319
Classroom (l\:lsrtﬁ 8 Decibel X 55.15 0.327 2.13 0.106 16.415
DT8852 44.73 0.029 28.2 1.411 4.945
Svantek
Sv104 46.96 0.049 6.23 0.312 6.393
Inhone 7+ Sound meter  64.69 2.944 13.2 0.662 49.232
P Decibel X 50.51 0.112 0.506 0.025 9.621
Samsung Sound meter  66.1 4.073 26.5 1.323 57.909
Laboratory lc\:l:rts 8 Decibel X 55.96 0.394 2.56 0.128 18.019
DT8852 36.22 0.004 3.98 0.198 1.856
Svantek
Sv104 39.24 0.008 1.05 0.053 2.628
Inhone 7+ Sound meter  15.03 3.18*10°  14.3*10° 0.72*10° 0.161
P Decibel X 8 0.63*10°  2.84*10° 0.14*10° 7.2*10?
Samsung  Sound meter  15.53 3.5*10° 23.2*10% 1.16*10° 17.1*107°
. Note 8 Decibel X 7.25 0.5*10° 3.45*10° 0.17*10° 6.6*%107°
Isolation Box Cem
*10-5 *10)-5 *10-5 *10-2
DT8852 5.57 0.4*10 343*10 17.12*%10~ 5.4*10
Svantek 5 5 -5 -2
Sv104 3.72 0.2*10 29.6*10> 1.47*10 4.4*10
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Figure 4. Sound measurement data inside the isolation box.

Looking at Figure 4, certain sound intensities observed in all measurement methods. The lowest
sound value observed in Svantek SV104 and the highest sound value observed in android-based phone’s
applications. The sound values obtained from both ios and android based phones are quite different
compared to commercial sound meters. This undermines the reliability of the measurements with the
applications on the phone.

The conventional measurement uncertainties of ios and android based mobile phones were
obtained. In accordance with the international standards, the metrological measurement uncertainty of
a measure/instrument can be examined in two parts as total uncertainty Ut (equation 6) and general
uncertainty Ug (equation 7) (Anonymous, 2013a; Damasceno & Couto, 2018).

Ur = iJUOZ +UR + Ul (6)

U; = +k.Ur (Coverage factor; k = 2, for 95% reliability) (7

Where, Uo; uncertainty due to the scale of the measuring device, Ug; uncertainty due to
repeatability due to device / observer, Urs; uncertainty of the device used as reference.
Also, the U value is calculated as follows (Bell, 2001);

1

U0=\/§

.S (S; smallest scale value) (8

In this study, The Ur values are given as the standard deviation of measurements taken at
different locations.

In measurement uncertainty calculations, S=1 (smallest scale value of the measurement),
coverage factor k=2 (%95), and reference device uncertainty +0.5dB (Cem DT8852 device's
uncertainty) were used. Measurement uncertainties of ios and android based phones calculated
according to different regions are given in Table 2.
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The average general uncertainties of the ios-based and android-based phones were calculated as
+4.5dB and £5dB, respectively (Table 2). These values can be considered higher than commercial sound
measurement devices.

The correlations between measurement areas and measurement devices (Iphone 7+, Samsung
Note8, Cem DT8852, Svantek SV104) are given in Table 3.

A negative correlation was observed with respect to s values in all measurement areas (Table
3). Therefore, it can be said that there is an inverse relationship between | and s. In addition, the
relationship between the sound intensities measured by the devices in different measurement areas is
shown in Figure 5.

Since there are huge differences in | values, logarithmic scale is used for | values in this graph
(Figure 5). It is observed that there is a bigger difference between iphone and Samsung results, if a
normal scale graphic is drawn. However, Cem and Svantek values are like each other.

Table 2. Ut and Ug uncertainty values of ios and android based mobile phones.

Ut (Total measurement uncertainty, +dB)
Entrance Canteen/Dining  Park/Resting  Classroom Laboratory

Hall Area
los (Iphone Soundmeter 2.1 1.7 2.4 2.3 2.4
7+) Decibel X 1.6 1.9 3.0 2.5 2.1
Android Soundmeter 3.1 15 14 2.4 2.9
(Samsung Decibel X 2.0 19 19 2.5 2.2

Note8)
Ug (General measurement uncertainty, +dB)
Entrance Canteen/Dining  Park/Resting  Classroom Laboratory

Hall Area
los (Iphone Soundmeter 4.3 3.4 4.9 4.6 4.9
7+) Decibel X 3.2 3.9 6.0 5.1 4.3
Android Soundmeter 6.1 3.1 2.7 4.7 5.9
(Samsung Decibel X 4.0 3.8 3.8 49 45

Note8)

Table 3. Correlation values between measurement area sound intensities (I) and measurement devices
cross sectional surface areas ().

Entrance Canteen/Dining  Park/Resting Classroom Laboratory Isolation
Hall Area Box
Correlation
value -0.59488 -0.63939 -0.632 -0.70277 -0.53053 -0.41199

In Table 4, ANOVA (analysis of variance) values of all measurement method performance
according to the areas are given.

P value is less than 0.001, therefore, it can be said that there is a very high significant difference
between the measurement areas and the measurement device performance.

Table 4. Anova values of all measurement method according to areas.

Source of Variance SS df MS F P-value F ratio
Between groups 2646.503 5 529.3007 6.08629 0.000895 2.620654
Inside groups 2087.185 24 86.96606
Total 4733.689 29
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Figure 5. Relationship between | and measurement devices in log scale.
4. Conclusion

In this study, ios and android based sound measurement applications and commercial sound
measurement devices were compared. Sound measurements were taken from indoor and outdoor
locations. All measurements taken instantaneously. los based iphone 7+ device, and android based
samsung note8 smart mobile phones were used. Soundmeter and Decibel X mobile applications were
selected to measure environment sound with phones. In addition, environment sound measurements
were obtained with commercially available devices that named Cem DT8852 and Svantek S\V104. These
commercial devices were calibrated, and their measurements are internationally traceable.

Sound intensity measurements were calculated using relevant equations for both phone
applications and commercial devices. In addition to this, for each measurement area, the sound energy,
power, and sound pressure variation calculated. The relationship between telephone applications and
commercial sound measuring devices discussed, also the relationships between sound intensity and
measurement environments evaluated.

According to the obtained results, the following determinations can be written;

The environment noise/sound was obtained in dB unit using all measurement methods. Since
sound intensity obtained instantaneously, all measurement methods could be compared.

In the environment sound measurements, the highest sound intensity was obtained in the
park/resting area. All measurement methods showed the same result. However, sound measurement
values recorded with cell phones were obtained higher than others.

Commercial devices recorded almost identical results in environment sound measurements.
Since these devices calibrated, they can be defined as reference devices for environment sound
measurements and can be used anywhere for all sound measurements.

A sound-isolated box was designed to evaluate the difference in recording sound in a quiet
environment for each measurement method. Soundmeter application, which is a mobile phone
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application, showed the highest value in sound measurements performed in the box. However, the other
mobile application, Decibel X, recorded a sound intensity value of almost half. Sound measurements
recorded with mobile phone applications in a solation box can be called whisper-level audio data. On
the other hand, almost no sound was recorded with commercial sound measurement devices. In this
case, it can be said that there is electronic noise in a quiet environment for mobile phone applications.
These electronic noises are about 13dB, and 7dB for soundmeter and decibel x, respectively.

Since the sound recorded with different measurement methods in the same measurement areas,
the correlations between these measurement areas and the measurement methods were evaluated and it
was calculated to be negative. Therefore, it can be said that there is an inverse relationship between the
measurement environment and measurement methods.

The relationship between the measured sound intensity and the measurement cross-section
surface area used in each measurement method was examined. The highest sound intensity was achieved
with the iphone 7+ in the park location. On the other hand, commercial devices measured the same level
of sound intensity as each other.

In addition, Anova analysis was carried out with measurement methods in the measurement
areas. It can be said that there is a highly significant difference between measurement methods and
measurement areas.

In general, it can be said that there is an average of 5% difference between the soundmeter
application and the Decibel X application in sound measurements recorded by mobile phones.
Soundmeter application measured higher sound intensity values in the same environment. On the other
hand, commercial devices recorded almost the same sound intensity values in the same environment.
Compared to these commercial devices, mobile phone applications showed an average of 10-20%
difference measurement of sound intensity. Both ios and android based applications measured higher
volume values between 10-20%. The general uncertainty values of mobile phones are found as +4,5dB,
and +5dB, for iphone7+ and samsung note8, respectively. These values can be considered higher than
commercial sound meters.

In this study, sound intensity data were obtained in indoor and outdoor environments with
different mobile phone applications and commercial sound measuring devices. It is concluded that
mobile phone applications are not reliable enough. In addition, it was observed that common areas (such
as park and canteen) are very close to the maximum sound intensity limit according to the international
standard.

By means of the developing technology, only an idea can be obtained with mobile phone sound
measurement applications that can be accessed by almost everyone, however, it is thought that these
devices cannot be used for a scientific measurement.
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Oz: Antimikrobiyal ve antikanser gibi énemli biyolojik aktivitelere sahip olan
Cyclo(Trp-Trp) dipeptidinin  (C22H20N4O2) en diigiik enerjili molekiiler
geometrisi, teorik konformasyon analizi hesabimi takiben yapilan Yogunluk
Fonksiyoneli Teorisi hesaplamalariyla belirlenmistir. ilk olarak Ramachandran
haritalar1 ve yan zincir dihedral agilari (y) katkisiyla yapilan konformasyon
analizi ile dipeptide ait en olasi molekiiler geometriler belirlenmis, bunlar
icerisinden en diisiik enerjili sekiz konformasyona ait dihedral agilar
konformasyon analizi 6ncesi ve sonrasi olmak tizere karsilastirmali olarak
verilmistir. Bu konformasyonlara ait toplam enerji ve toplam enerjiye katki veren
van der Waals, elektrostatik, hidrojen ve torsiyon enerjileri hesaplanmigtir. Bu
sekiz konformasyon igerisinden en diigiik enerjili konformer, Gaussian03
programina baslangig verisi olarak tanitilmig ve DFT/B3LYP/6-31++G(d,p) teori
seviyesinde optimize edilmistir. Ayrica teorik konformasyon analizi sonucunda
bulunan en diisiik enerjili konformer ile optimize molekiiler geometri
karsilagtirmali olarak verilerek dihedral agilardaki degisimler belirlenmistir.
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Abstract: The lowest energy molecular geometry of the Cyclo(Trp-Trp)
dipeptide (C2:2H20N:0O2), which has important biological activities such as
antimicrobial and anticancer, was determined by Density Functional Theory
calculations made following theoretical conformation analysis calculation. First,
the most probable molecular geometries of the dipeptide were determined with
the contribution of Ramachandran maps and sidechain dihedral angles (y), and
the dihedral angles belonging to the eight conformations with the lowest energy
were tabulated in comparison with before and after conformation analysis. The
total energy of these conformation and van der Waals, electrostatic, hydrogen and
torsion energy values contributing to this total energy were calculated. Among
these eight conformations, the lowest energy conformer was introduced as the
starting data to the Gaussian03 program and optimized at DFT/B3LYP/
6-31++G(d,p) level of theory. In addition, the changes in dihedral angles were
determined by comparing the lowest energy conformer found as a result of
theoretical conformation analysis and optimized molecular geometry.
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1. Giris

2,5-Diketopiperazinler (DKP), iki amino asitten olugsan halka dipeptitlerdir. Son yillarda
DKP'ler, kat1 yapilar1 ve yan zincirleri nedeniyle ila¢ kesfi alaninda dikkat ¢cekmektedir (Wang, 2013).
DKP'lerin yapilari, reaksiyonlari, tibbi kimyasal 6zellikleri ve potansiyel terapotik uygulamalari ile ilgili
caligmalar literatiirde mevcuttur (Borthwick, 2012; Huang ve ark., 2014). Ayrica, DKP'ler, gelecekte
potansiyel tibbi kullanim i¢in biiyiik bir umut vaat eden kesfedilmemis bir biyoaktif halka peptittir
(Huang ve ark., 2014). insan kolon kanseri hiicre hatlarindan biri olan HT-29 hiicre hatlarimn, histidin
aminoasiti i¢eren cyclo(Gly-His) ve cyclo(Ala-His) gibi siklik (cyclo) dipeptitlerle 6nemli 6lgtide
inhibe edildigi gozlenmistir (Kilian ve ark., 2013). Cyclo(Gly-Leu) dipeptidi basta rahim agzi, kolon ve
meme Kkanserleri olmak tizere 6nemli biyolojik aktivitelere sahiptir (Van der Merwe ve ark., 2008).
Cyclo(Gly-Arg-Gly-Asp-Ser-Pro-Ala) (GRGDSPA) heptapeptidi kanser hiicrelerinin metastazini etkili
bir sekilde inhibe edebilmektedir (Zhu ve ark., 2009). 2020 yilinda dogrusal ve halka peptitler iizerine
yapilan calismada incelenen halka peptitlerin daha yiiksek antienflamatuar aktivite sergiledigi ve bu
sayede bu bilesiklerin enflamatuar bozukluklarin tedavisinde daha iyi aktivite gosterdigi bulunmustur
(Kaur ve ark., 2020). Cyclo (-Pro-Tyr) dipeptidinin antikanser molekiil olarak kullanilabilecegi ve
karaciger kanserini, normal hiicreleri etkilemeden, tedavi etmek igin bu dipeptidin yeni bir strateji
olusturabilecegi bulunmustur (Karanem ve ark., 2020).

2000 yilinda halka dipeptitler tizerine yapilan ¢aligmada cyclo(trp-trp) dipeptidinin kanser
terapisinde kullanilabilecek bir ajan oldugu bulunmustur (Graz ve ark., 2000). Halka dipeptitler iizerine
yapilan c¢alismalarda cyclo(trp-trp) dipeptidinin antibakteriyel ve antifungal aktiviteye sahip oldugu
gozlenmistir (Milne ve ark., 1998; Mander & Liu, 2010). 2010 yilinda yapilan ¢aligmada da bu
dipeptidin bazi bakteri tiirlerine kars1 antimikrobiyal aktiviteye sahip oldugu bulunmustur (Lee ve ark.,
2010).

Yapi-aktivite iligkisi, benzer yapilara sahip kimyasallarin benzer biyolojik aktiviteler
sergiledigini belirten "benzer 6zellik" ilkesine dayanmaktadir (Tong ve ark., 2003; Johnson & Maggiora,
1990).

Bu iliski kapsaminda cyclo(trp-trp) dipeptidinin aktivite gosterdigi en kararli yapinin, yani
konformerin, belirlenmesi bu aktivitenin agiklanmasinda anahtar bir role sahiptir. Bu ¢alismada olas1
konformasyonlarin belirlenebilmesi i¢in, aminoasitlerin ¢, y ve y dihedral agilarinin tanimlandigi
Ramachandran haritalar: (Ramachandhan ve ark., 1963; Ramachandhan, 1968) kullanilarak molekiiler
mekanik yaklagima dayali hesaplama yapan teorik konformasyon analizi (TKA) programi kullanilmistir
(Maksumov ve ark., 1983).

Hesaplama sonrasi bulunan konformasyonlar arasindan en diigiik enerjili sekiz konformasyon
ayrintili olarak incelenmistir. Bu kapsamda en kararli 8 konformasyona ait toplam enerji ve bu enerjiye
olan katkilar, triptofan aminoasidinin konformasyon analizi 6ncesi ve sonrasindaki yan zincirine ait
dihedral agidaki degisimler Maksumov vd. tarafindan yazilan TKA programi kullanilarak
hesaplanmigtir (Maksumov ve ark., 1983). Son olarak bu sekiz konformasyon arasindan da en diisiik
enerjili konformer Gaussian programina giris verisi olarak tanitilarak yogunluk fonksiyoneli teorisi ile
optimize edilmistir. TKA hesab1 ile bulunan en diisiik enerjili konformer ile optimize geometri
karsilagtirilarak yan ve ana zincirdeki degisimler belirlenmistir.

2. Materyal ve Yontem

TKA hesabinda konformasyonlar, toplam enerjileri ve bu enerjiye katki saglayan van der Waals
etkilesimleri, elektrostatik etkilesimler, hidrojen baglar1 ve donii enerjisi ile birlikte hesaplanmaktadir.

Van der Waals enerjisi 1966 yilinda Scott ve Scheraga tarafindan belirlenen Slater-Kirkwood
denkleminden yararlanilarak Lennard-Jones 6-12 potansiyel fonksiyonu ile hesaplanmistir (Scott &
Scheraga, 1966).

Elektrostatik enerji, bir molekiildeki atomlar iizerinde lokalize edilmis net yiiklere bagli olarak
monopol yaklagimi ile Coulomb yasasi temelinde hesaplanir (MIlynek ve ark., 1980).

Tekli baglar etrafinda rotasyona engelden (torsiyon bariyeri) sorumlu olan temel enerji
bilesenlerini belirleyebilmek i¢in uygulanan teorik modellemelere ragmen, bu engelin kaynagi tam
olarak anlagilmamistir. Bu nedenle, bunlarin elektrostatik, van der Waals ve hidrojen bag katkilariyla
yeterince temsil edilmedigi durumlarda, torsiyon bariyerlerini kalibre etmek icin deneysel veriler
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kullanilmistir. Torsiyon potansiyellerinin bariyer yiikseklikleri ilgili deneysel verilerin mevcut olmadigt
durumlarda ise teorik hesaplama sonuglar1 kullanilmistir (Momany ve ark., 1975; Mills ve ark., 1988).

Hidrojen bag enerjisi, sulu ¢ozeltiler igin r = 1.8 A bag uzunluguna karsilik gelen 1.5 kcal / mol
hidrojen bagi ayrisma enerjisi degerine sahip Morse potansiyeli kullanilarak belirlenmektedir
(Akverdieva & Godjayev, 2017).

Maksumov vd. tarafindan yazilan TKA programinda (Maksumov ve ark., 1983), giris verisi
olarak tanitilan dihedral agilar [UPAC-IUB’a gore belirlenmistir (Mills ve ark., 1988). Hesaplanan tim
konformasyonlar arasindan en diisiik enerjili sekiz konformer belirlenmistir. Bunlar arasindan en diisiik
enerjili konformer (I) Gaussian03 programina (Frisch ve ark., 2003) baslangi¢ verisi olarak tanitilarak
Yogunluk Fonksiyoneli Teorisi (Becke, 1993), B3LYP fonksiyoneli ve 6-31++G(d,p) baz seti ile
optimize edilmis ve Mulliken yiikleri hesaplanmaistir.

3. Bulgular

TKA hesabinda Cyclo(Trp-Trp) dipeptidinin giris verisi olarak DKP halkasi diizlemsel olarak
tanitilmistir ve olas1 konformasyonlar yan zincir dihedral agilarina bagli olarak belirlenmistir (Degeilh
& Marsh, 1959; Dorset, 2010).

TKA hesabi Oncesi ve sonrasina ait yan zincir dihedral agilardaki degisim ve konformasyonlara
ait enerjiler Cizelge 1 ve Cizelge 2’ de gosterilmistir. Bu konformasyonlar Sekil 1’ de verilmistir.

Yogunluk Fonksiyoneli Teorisi ile hesaplanan optimize geometri ile yik dagilimi Sekil 2 ve
Sekil 3’de gosterilmistir. Konformasyon analizi ve Yogunluk Fonksiyoneli Teorisi hesabi sonrasi
molekiiler geometriye ait dihedral agilardaki degisim Cizelge 3 de verilmistir.

TKA hesabi1 sonrasinda en kararli sekiz konformere ait enerjiler sirasiyla -9.28, -8.29, -7.77, -
7.74, -7.51, -7.34, -6.49 ve -5.98 kcal/mol olarak hesaplanmistir ve toplam enerjiye en fazla katkinin
van der Waals enerjisinden oldugu belirlenmistir. Bu katk: sirasiyla -9.79, -8.78, -8.56, -8.30, -8.03, -
8.17, -7.14 ve -6.80 kcal/mol’diir. Demir & Godjaev (2002) tarafindan Pol-Rfamide Il heptapeptidi
lizerine yapilan ¢aligma da olasi konformasyonlar igin molekiiliin kararliliginda van der Waals
etkilesmesinin en dnemli katkiy1 sagladigi, diger 6nemli katkilarin ise sirastyla elektrostatik ve torsiyon
etkilesmeleri oldugu bulunmustur. Alieva ve ark. (2006) tarafindan tirozin hidroksilazin N-terminal
dizisi Met1-Val60 tizerine yapilan konformasyon analizi hesabinda olas1 kararli konformasyonlarda
-212.0 ile -236.3 kcal/mol araliginda van der Waals etkilesiminin en yiiksek katkiy1 sagladigi
bulunmustur. Celik & Kecel-Gunduz (2017) tarafindan Cyclo(Tyr-Cys) ve Cyclo(Phe-Cys) dipeptitleri
iizerine yapilan konformasyon analizinde van der Waals etkilesiminin yiiksek katki sagladigi
bulunmustur.

Konformasyon analizi ve Yogunluk Fonksiyoneli Teorisi optimizasyonu sonrasinda bulunan en
kararli konformasyonlar incelendiginde (Sekil 4), triptofan aminoasitine ait yan zincirin DKP halkasi
iizerine dogru biikiildiigii ve bu iki aminoaside ait yan zincirlerin birbirlerine yaklastig1 bulunmustur.
Ayrica TKA hesabinda diizlemsel kabul edilen DKP halkasinin, Yogunluk Fonksiyoneli Teorisi
optimizasyonu sonucunda diizlemsele yakin oldugu bulunmustur (Sekil 4). Yogunluk Fonksiyoneli
Teorisi optimizasyonu sonucunda DKP halkasi tlizerindeki wl(N1-C47), w2(C23-N25), ¢1(N1-C3),
@2(N25-C27), W1(C3-C23) ve W2(C27-C47) dihedral agilar sirastyla -2.6°, -11.9°, 6.8°, 15.7°, 0.2°,
-7.7° hesaplanmstir. Celik ve ark. (2012) tarafindan Cyclo(His-Phe) dipeptidi {izerine DFT/B3LYP/
6-31++G(d,p) teori seviyesinde yapilan hesaplamalarda DKP halkasi iizerindeki dihedral agilar sirasiyla
-4.31°, -9.86°, 12.40°, 7.05°, -4.82° ve -0.11° hesaplanmigtir. Mendham ve ark. (2009) tarafindan
cyclo(L-Ser-L-Ser) dipeptidi lizerine yapilan X 1s1n1 kristalografisinde bu dihedral agilar 4.5°, 5.4°,-4.1°,
-3.2°,-1.0° ve -1.7° bulunmustur.

TKA hesabinin, Yogunluk Fonksiyoneli Teorisi optimizasyonu ile benzer sonug vermesi, TKA
hesabinin  Yogunluk Fonksiyoneli Teorisi optimizasyonu i¢in baslangi¢ parametresi olarak
kullanilabilecegini ve bu sayede de daha kisa slirede dogru sonuglar alinabilecegini gostermektedir.
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(V1) (Vi) (Vi)

Sekil 1. Cyclo(Trp-Trp) dipeptidine ait en kararli sekiz konformer

Cizelge 1. Cyclo(Trp-Trp) dipeptidinin en diisiik enerjili sekiz konformerinin TKA hesab1 6ncesi (giris)
ve sonrasina ait (g1kis) yan zincir dihedral agilardaki degisim (°) ve konformasyonlara ait enerjiler

Konformer  Epagi Etoplam 11 x 12 121 ¥ 22
(kcal/mol)  (kcal/mol)
0] 0 -9.28 GIRIS -60.0 -90.0 60.0 -90.0
CIKIS -56.4 -88.9 66.5 -81.1
(m 0.99 -8.29 GIRIS -60.0 -90.0 60.0 90.0
CIKIS -57.9 -89.3 65.3 94.3
(nn 1.51 -7.77 GIRIS 60.0 90.0 180.0 90.0
CIKIS 62.9 93.6 196.0 66.8
(v 1.54 -7.74 GIRIS 60.0 90.0 -60.0 90.0
CIKIS 70.9 107.3 -53.9 1015
V) 1.77 -7.51 GIRIS 60.0 -90.0 -60.0 90.0
CIKIS 58.2 -92.8 -52.7 94.2
)] 1.94 -7.34 GIRIS 60.0 90.0 180.0 -90.0
CIKIS 70.7 108.5 195.9 -119.6
(VI 2.79 -6.49 GIRIS 60.0 -90.0 180.0 90.0
CIKIS 56.6 -90.6 193.7 65.1
(V1) 3.3 -5.98 GIRIS 180.0 -90.0 60.0 -90.0
CIKIS 197.2 -122.2 59.6 -88.6
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Cizelge 2. Cyclo(Trp-Trp) dipeptidinin en kararli konformerlerine ait enerji katkilar

Konformer Ebagul Etoplam E van der walls E elektrostatik Etorsiyon
(kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol) (kcal/mol)
)] 0 -9.28 -9.79 0.04 0.47
(m 0.99 -8.29 -8.78 0.03 0.46
(D) 151 -1.77 -8.56 0.06 0.73
(v) 1.54 -1.74 -8.30 0.03 0.53
V) 1.77 -7.51 -8.03 0.02 0.50
2)) 1.94 -7.34 -8.17 0.05 0.78
(v 2.79 -6.49 -7.14 0.05 0.60
(VI 3.3 -5.98 -6.80 0.05 0.77

Cizelge 3. Cyclo(Trp-Trp) dipeptidinin yan zincir torsiyon agilarindaki (°) degisim

Cyclo(Trp-Trp) 11 x12 21 ¥22
TKA -56.4 -88.9 66.5 -81.1
DFT-B3LYP/6-31++G(d,p) -65.9 -90.3 64.2 -86.4

Sekil 2. Cyclo(Trp-Trp) dipeptidinin DFT/B3LYP/6-31++G(d,p) teori seviyesinde optimize yapisi
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Sekil 3. Dipeptidin optimize yapisina ait yiik dagilimi

2

(a)

Sekil 4. Cyclo(Trp-Trp) dipeptidinin TKA (a) ve DFT/B3LYP/6-31++G(d,p) teori seviyesi
optimizasyonu (b) sonrast molekiiler geometri karsilagtirmast

4. Tartisma ve Sonug¢

Bu ¢alismada, Cyclo(Trp-Trp) dipeptidinin teorik konformasyon analizi sonrasi belirlenen en
kararli konformeri Yogunluk Fonksiyoneli Teorisi, B3LYP fonksiyoneli ve 6-31++G(d,p) baz seti
kullanilarak incelenmistir. Hesaplama sonrasi dipeptide ait optimize geometride DKP halkasinin
diizlemsele yakin oldugu ve yan zincire ait yonelimin teorik konformasyon analizi ile belirlenen en
diisiik enerjili konformasyon ile son derece uyumlu oldugu gozlenmistir. Cyclo(Trp-Trp) dipeptidinin
konformasyon olasiliklarinin belirlenmesi, bir ilag olarak fonksiyonlarinin anlasilabilmesi bakimindan
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oldukca Onemlidir. Diketopiperazin tiirevi molekiillerin sentezinde belirlenen bu konformasyonlar
referans olarak kullanilabilir.
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1. Giris

Bu c¢alismada modiiliis fonksiyon yardimi ile tanimlanan invaryant yakinsak dizi uzaylari

tamimlanmigtir. [w4(f)], @5 (f) ve ®4 (f) uzaylar [wq(f)(p)], @y (£)(p) ve ® (f)(p) dizi uzaylarina
genigletilmisir. Lorentz (1948), Savas (2018), Rafeiro ve ark. (2018) ve Ogur (2020) tarafindan cesitli
yonleri ile ¢alismalar yapilmistir. Bu ¢alismalar kapsaminda daha genel dizi uzaylarinin bazi topolojik
ozellikleri incelenmistir.

Tanim 1.

X bir lineer uzay1 iizerinde bir g: X — R bir fonksiyonu asagidaki o6zellikleri sagliyorsa g
fonksiyonuna X tizerinde bir paranorm ve (X. g)’ye de bir paranormlu uzay denir (Lorentz, 1948).

P1. g(6)=0

P2. g(x) = g(-x)

P3. glx+y)<gx)+g90»)

P4. 1- Ay x = xg olmasi, Ax = Apx, olmasini gerektirir.
Tanmim 2.

P = (B,) hermicin B,, > 0 ve Sup B,, = H < o olacak sekilde reel sayilar dizisi olsun. Bu
takdirde

[0o((P)] = {x: lim 7 B0 f1(tmn(X = L)I"n = 0, n'ye gore diizgiin}
— (o] Py 7 " . ..
@6 (D) = {x: Zieo f(|¥mn (0 — tm-1,2(I[) ™), n'ye gore diizgiin yakinsak)

Ba (D) = (x:SUp Zi3—o f (| ¥ann(6) — ¥inoa ()] ™) < o0} dlur.

V micin (B,) = P oldugunda [u)(,p 0], Wgp (f) ve Wgp (F) uzaylarina esit olur.

Ayrica 0y =n+ 1 oldugunda, bu uzaylar [ws(f)], ®s (f) ve @s (f) dizi uzaylarina indirgenir.
(Sahoo, 1992).

Simdi tanimlanan bu uzaylar ile ilgili 6zellikleri verelim.
Teorem 1.
[ws(H)(p)], @5 () (p) ve ®4 (f)(p) kiimeleri C iizerinde lineer uzaylardir.
ispat.
[ws(D)(P)], ®s () (p) ve @4 (F)(p) kiimeleri C kiimesinin alt kiimeleridir.

[ws(£)(p)] kiimesinin C iizerinde lineer uzay oldugunu gosterecegiz. ®s (f)(p) and ®, () (p)
kiimeleri de benzer sekilde lineer uzay olduklar1 gosterilebilir.

x,y € [ws(H)(p)] ve A, u € Cigin |A|Fm < ky = max (1, |A]|) ve |u|Pm = k, = max (1, |u|") olmak
uzere

Pm Pm Pm -
|Xa(n) + Ya(n)| <k( |X a(n)| + |Ya(n)| ) oldugundan
1 1 1
LS o Fltmn(Ax + ) 1Pm) < Koy = S5 £l GOIP™) + ke = 3 f1(tmn ()1P)
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elde edilir (Maddox, 1979).

[ws(D)(p)] —lim=0 ve x,y € [ws(f)(p)] oldugundan A.x + uy € [ws(f)(p)] sonucu
elde edilir. Bu da [w (f)(p)] nin skaler garpimla vektorel toplamli bir lineer uzay oldugunu verir (Kara,

1994),

2. Materyal ve Yontem

Teorem 2.
P = (B,,) dizisi her mi¢in B, > 0, SupP,, < oo olsun. Bu takdirde

[ws(D(P)],M = max(1, SupP,,) olmak iizere

9(f () = Sup(i7 Tk ([tmn f COIPm)™ (@)
k, n

Fonksiyonu ile tam paranorumlu bir lineer topolojik uzaydir.
ispat.
Teoremin ispat1 i¢in g: [wg(f)(p)] = C ye bir fonksiyon ve x € [ws(f)(p)] igin

Sup(menzo(ltmnf(x)lpk)) < oo oldugundan g(f(x), C de tanimhdir. Simdi paranorm sartlarin

saglatahm

1

) g((0) = Sup(i Ehico(ltmnf (O)IP)™ = 0 olur

i) g(f(—x) = Sup( = TmoUltmnf (=)1Pm))™
k, n
= Sup(i7 Bh=o (It (1201 )™
= Sup(; 3 Zhei (tmnf (= LD )™
k, n

1
1 m
= SEE(E f’n=1(|tmnf(x)|Pm))

=g(f(x)
olur (Mursaleen, 1983).

i) m>1veVmigin Pﬁm < 1 oldugundan

9fx+y) = SEE(Zﬁl:O(ltmnf(X +y)|Pm))m

1

= Sup (i Do 1t f GO + tmaf ) 13
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< Sup (i Tt GO )+ SupCs Bhoco 1 ) 1)) @
< SUD( iy Bt (17 + SUp(s Thy—olltma/ I
=g9(f(x)+9(f )

olur (Ogur, 2020).

Simdi [wg (f)(p)] deki skaler ¢arpimin siirekliligini gésterelim. P = (By,) dizisi igin SupB,, <
oo oldugundan P,, > & olacak sekilde bir § > 0 sayis1 vardir.
Simdi |A| < 1igin |1|Pm < |19 oldugundan
1

9 () = Sup( Zhio o (ltmn f (1. 1) Pm))™
kn

S5
< [Am. g (f (x)
olur. Béylece A - 0, x = 0 ise Ax — 0 ve eger A sabit ve x —» 0 ise Ax — 0 dir.

x € [wg(H)(p)] sabit ve verilen e > 0 icin 3 k, sayis1 vardir ki V n igin

SUD (i Zhvmolltmn /(1 1) < 3)

ve |A| < & olacak sekilde § > 0 sayisi bulabiliriz (Nakano, 1953).

dolayistyla V n igin
1 l
m £
Sup (1 Ehveoltmnf (A 01" < 2 @)
=Ko

olur. Boylece (3) ve (4) ifadelerinden |1| < § oldukga g(f (A x)) < € elde ederiz ki bu da ispati
tamamlar (Savas, 2018).

3. Bulgular
[ws (D) (p)] uzaymin g paranormuna goére tam oldugu goriilecektir.
(x%) nin [ws(f)(p)] de bir Cauchy dizisi olsun. Yani

s, t - oo iken g(f (x5 — x*) — 0 olsun.

9 G = x) = Sup (i Thocolltmnf (2° = 1P

ve

9 G = x) 2 Sup (i Thomoltmnf (r° = x)IPm)” 5)

oldugundan ¥ m ve n icin

lim [ty f(x5 —xH)|Pm =0
S,t—>o0

elde edilir. Ozel olarak m=0 olmak iizere herhangi n igin s,t — o iken
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[tmnf (x5 — x| = f(|x° — xt]) = |x5 — xt| - 0 dir. Bdylece (x%), C de bir Cauchy dizisidir.

C tam oldugundan dolay1 s — oo iken x° — x olacak sekilde x € C vardir. (5) numarali ifadeden
€ > 0 ve AN oyleki s, t > Nigin

(or ZocoUltmnf (0 = xH)|P)™ < (6)
olur.

Simdi s > N ve t = oo olsun. Bu takdirde (6) numarali ifadeden

1

(ﬁanzo(ltmnf(xs — xt)[Pm))™ < ¢ elde edilir. Buradan da

8 - oo iken g(f (x5 — xt) - oo olur.

Budax® — x' e yakinsamasi demektir (Mursaleen, 1983).
(6) numarali ifadeden ve her bir s igin x° € [wy(f)(p)] ve [ws(F)(p)] nin lineer oldugundan

9g(f() =g(f(x* —xt +x) < g(f (x5 — x) + g(f (x)) - 0 elde edilir. Buradan x € [w4(H)(p)]
oldugu elde edilir. Béylece [wq (f) (p)] nin tam oldugu goriiliir (Rafeiro ve ark, 2018).

Bu teoremde p sabit ve p = 1 ise [wy(f)(p)] uzayr Banach uzay1 0 < p < 1 ise p- normlu uzaya
indirgenir (Sahoo, 1992).

4. Tartisma ve Sonuc
Teorem 3.

P = (PB,,) dizisi her mi¢in B,, > 0, SupP,, < oo olsun. Bu takdirde

w4 (0 (p) ve ®y(F)(p) uzaylart M = max(1, SupP,,) olmak iizere

1

g(f(x) =Sup(Xm=of (|men —WYh-1n |Pm))ﬁ fonksiyonu altinda bir tam paranormlu lineer topolojik
n

uzaydir.
Teoremin ispat1 teorem 2’nin ispatinin benzeri oldugundan tekrar vermeyecegiz.

Teorem 4.

a) EgerVmicinpy, < qp ise ®:(H)(p) © ©:(H)(q) ve B(H)(p) € ®s(f)(q) dur.
b) Egerp sabit vep = 1ise

Py < BolD), ve 1271, € By () dir
ispat.

a) 0P c ®s(F(q) gosterecegiz w(H(p) € ®y(f)(q) oldugu benzer sekilde gosterilir.
x € w4 (f)(p) olsun. Bu takdirde

Z;?;:Mf (lqjmn(x) - me—l,n(x)lpm) <1

olacak sekilde M tamsayist vardir. Boylece Vnve m > M i¢in f (|‘Pmn(x) —W¥Yn-1n (x)|Pm) <1
o dm Py
OlUp Py < Gy oldugundan da (| ¥inn () = ¥ino1.0@)|™) < £ (|¥ian @) = ¥ino1a@)| ™)
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yazilir. Bu esitligin her iki tarafinin m tizerinden toplami alinirsa

[ee] Qm [oe) Pm o - . .
Ym=M f(|‘{'mn (x) = ¥m-1n (x)| ) < Ym=mf (|‘Pmn (x) — lPm_m(x)| ) elde edilir. Sagdaki seri
n ye gore diizglin yakinsak oldugundan, soldaki seri de n ye gore diizgiin yakinsak olur. O halde

(D (p) € ®s(H)(q) dur.
b) 15(f), € ®s(F), ispatim yapacagiz. [37 (p) € ®4(f), oldugu da benzer sekilde gosterilir.b)
x € I (f)p olsun p = 1 iken ifade agiktir. p > 1icin

(1900 = ¥ 1n @) < s Zinma M (Jtmn () = tmo1n ]

< 3 P f(jtun = tne 1) Y. rrs
m=1 k=m
< 22 M ([tmn () = tmo1n()[”) (7)

elde edilir. (1) yakisak oldugundan %5, (| ¥ (¥) = ¥ime1,n(0)|" ) diizgiin yakmsaktir. O halde
5 (f)p € ®s(f), olur (Savag, 2018).

Sonug¢ olarak modiiliis fonksiyon yardimi ile tanimlanan invaryant yakinsak dizi uzaylar
tanimlanarak bazi kapsamlar kurulmustur.

[wgs(D)], ®s () ve ®4 (F) uzaylar [wq(F)(p)], ®s (F)(p) ve @4 (f)(p) uzaylarna genisletilerek genel
dizi uzaylarinin topolojik 6zellikleri incelenmistir.
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alternatif olarak model parametrelerinin tahmininde genellikle Bayes yontemi
kullanilmaktadir. Bu ¢alismada, iki durumlu lojistik regresyon modeli
kullanilarak gercek bir veri seti analiz edilmistir. Iki durumlu lojistik regresyon

AnahtarKelimeler modelinin parametreleri, en ¢ok olabilirlik ve Bayesci yontemler kullanilarak
iki durumlu lojistik regresyon, ~ tahmin edilmis, elde edilen sonuglar Akaike bilgi kriteri (AIC) ve Bayesci bilgi
En ¢ok olabilirlik yontemi, kriteri (BIC) gibi kriterler kullamlarak karsilastirilmigtr.

Bayesci Metot

1. Introduction

Generalized linear models (GLM) are widely-used to define relationship between dependent
and independent variables. The GLM is differed basing on the utilized function in defining the
relationship between dependent and independent variables. For example, GLM becomes binary logistic
regression model when dependent variable is binary and logarithmic function is utilized in defining the
relationship between dependent and independent variables (Hair et al.,2006; Agresti & Hitchcock,
2005). In spite of being a common method for estimating the model parameters, Maximum Likelihood
(ML) method may give bias results for small sample sizes. To overcome this problem, Bayesian method
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usually considered in obtaining the estimates of the model parameters as an alternative to the ML method
(Griffiths, 1973; Tektas & Giinay, 2008).

There exist many studies considering the Bayesian method in estimation procedure of the model
parameters. For example, Albert & Chib, 1993 proposed a new algorithm by using the latent variables.
Groenewald & Mokgatlhe, 2005 used a method suggested by Albert & Chib, 1993 to obtain a sample
by using coefficients of posterior distribution through Gibbs sampling. Zelner & Rossi, 1984 considered
numeric integration method and Monte Carlo integration method to obtain the posterior distribution of
the model parameters in small and large sample sizes, respectively. Rashwan & El Dereny, 2012 used
logistic regression model in analyzing the prostate cancer data in which Bayesian methods were used
for obtaining the estimates of the model parameters. Ghosh &Mitra, 2017 investigated Bayesian logistic
regression under different Cauchy prior distributions. Huggins et al., 2017 developed an efficient coreset
construction algorithm for Bayesian logistic regression models. Spyroglou, et al., 2018 used Bayesian
logistic regression method in analyzing the asthma persistence prediction. Dagliati, et al., 2017 proposed
hierarchical Bayesian logistic regression to forecast metabolic control in type 2 DM patients. Lukman
et al., 2021 used Bayesian logistic regression to analyze the hypothyroid prediction in post-radiation
nasopharyngeal cancer patients. Suleiman et al., 2019 used Bayesian logistic regression approaches to
predict incorrect DRG assignment.

In this study, Organization for Economic Cooperation and Development (OECD) data were
analyzed via binary logistic regression model. Estimates of the model parameters were obtained using
ML and Bayesian methods. Modeling performance of the model based on the Bayesian estimates was
compared with the model based on the ML estimates. In this comparison, well-known information
criteria Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) were used.

The rest of the paper as follows: in section 2, binary logistic regression model is briefly
introduced. ML method and Bayesian method are given in section 3. In the application part, a real data
set from OECD is analyzed by using the binary logistic regression model. Here, estimates of the model
parameters are obtained via the ML and the Bayesian methods. Finally, section 5 is reserved for the
conclusion.

2. Materials and Methods

In this section, information for the binary logistic regression, model the ML and the Bayesian
methods are given briefly.

2.1. Binary logistic regression model

In binary logistic regression, dependent variable Y follows a Bernoulli distribution since
assumed that it takes only values 0 and 1. Here, the probability of occurrence of an event is denotes by
P(y; =1) =z, and probability of non-occurrence of an event is denotes by P(y, =0)=1—7,. If n

observations are obtained for the dependent variable, i.e. Y, (i :1,2,...n) binary logistic regression
model can be expressed as follows:

y; | 77; : Bernoulli(z;),

=Py, =1)=-2P%A) 15 o @

1+exp(xp)’

where y, =1 if the interest response is observed for the i-th individual and y, =0 otherwise.

p= [,6’0 B Bo BB ] is the vector of an unknown model parameters and X = [1xil... X } is the vector of
measurements of the i-th individual for the j-th independent variable.
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2.2. ML method
The likelihood function (L) in binary logistic regression can be expressed as follows:

1-y;

. ~ n eXp(Xi'ﬂ) Yi 1
G Ferer I e (2)

The log-likelihood equations are the first derivation of the logarithm of the likelihood function
(log L) with the parameter of the interest as given below.

K
ex X
dlogL < | p(kzo '”gkj
ij i K
% o 1+exp (Z X B j
k0

=0, j=12,...,p. (3)

The ML estimates of the model parameters are the simultaneous solutions of the log L equations
given in Equation (3). Here, Newton-Raphson method is utilized to obtain the simultaneous solutions of
these equations.

2.3. Bayesian method

ML methodology usually needs large sample size to obtain accurate estimates of the parameters.
However, in some science fields such as medicine and agriculture small sample size is commonly
encountered. Unlike the ML methodology, the Bayesian methodology does not need large sample size,
i.e. it has not limitations regarding the size of sample. This is why the Bayesian methodology is an
alternative for the ML methodology (Acquah, 2013; Tektas & Giinay 2008; Santos, 2009).

In the Bayesian methodology, there are three key parts in estimation procedure. These are (i) the prior
distribution, (ii) the likelihood function, and (iii) posterior distribution. The posterior distribution is
written as follows:

posterior distribution = ( prior distribution )(likelihood function). (4)

Here, prior distribution summarizes the information obtained from other sources. There are
two types of prior distribution, namely, informative and non-informative prior distribution, (Acquah,
2013). In this study, we assume a normal prior on 5, .

B, 1N (0,10000), k =1,2,...]. (5)

The above expression is equivalent to non-informative priors of these parameters.

The likelihood function involves the information about the sample. The posterior distribution
contains all the available knowledge for the model parameters. From (4), the posterior distribution is
obtained by multiplying the prior distribution in (5) by the likelihood function in (3) as given below:

Yi 1-y;

. ~ n exp(XiI,B) 1 n 1 _1 ﬂk—ﬂk 2
Py eoton) | | on(ip)| Hovar™ 2( , j - ©
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Equation (6) represents the posterior probability density function of the model parameters, and
analytical solution for it cannot be obtained explicitly. The computational difficulties in obtaining the
posterior distribution are disadvantage of the Bayesian method; however this problem can be solved by
using the Markov Chain Monte Carlo (MCMC) simulation technique. The aim of the MCMC is to create
a stationary Markov process to obtain the statistical inference for the posterior distribution. Therefore,
the Markov Chain Monte Carlo (MCMC) simulation method is widely-used for getting statistical
inference about the posterior distribution (Acquah, 2013).

Using the MCMC in complicated statistical problems brings some problems such as not
converge to the desirable posterior distribution and determination of iteration size to obtain the stationary
Markov process. The convergence to posterior distribution is necessary in the Bayesian methodology to
obtain the accurate estimates of the model parameters. See (Geyer, 1992) for detailed information for
the methods provides convergence in this context.

3. Results

In this section a real data set was analyzed using the binary logistic regression model. The
estimates of the model parameters were obtained via the ML and the Bayesian methods. The data set
includes various demographic and economic data from 34 countries which were member of the OECD.
The data set was obtained from the official website of the OECD.

Following binary logistic regression model given in Equation (7) is used to analyze the data set:

T .
log (ﬁj = Lo+ BX + BoXy + Xy + B X, + LB Xe + BeXe + B X, + PeXg +&,1=12,..34 @)

Here, dependent variable is European Union (EU) membership (member:1, not member:0) and
independent variables (xl, ) ST x8) are total number of people living, ratio of female parliamentarians,

participation level of women between the ages 15 and 64 to labor force, ratio of imports, ratio of exports,
life satisfaction or satisfaction with life, share allocated for health expenditure from the gross domestic
product, average number of children per women between the ages 15 and 49 in each OECD country in
2013, respectively.

The estimates of the model parameters, given in Equation (7), were obtained by using the ML
and the Bayesian methods and the analyses are conducted through R 3.0.3 software program. The ML
estimates of the model parameters, standard errors (SES), test statistics (z), and significant values (p)
with corresponding to parameter estimates are given in Table 1.

Table 1. The statistics obtained with ML estimators

Variables ﬂAML Exp( ﬁML ) SE z p

Intercept 10.0493 23.139 7.57530 1.327 0.088
X 0.38593 1.470 0.23629 1.633 0.066
X, -0.06910 0.933 0.15646 -0.442 0.687
X 0.08177 1.085 0.08394 0.974 0.413
X, 0.20735 1.230 0.16268 1.275 0.290
Xs -5.69552 0.003 3.24655 -1.754 0.031
Xg 1.55750 4.746 1.05062 1.482 0.405
X; 0.04387 1.044 0.02705 1.622 0.140
X -0.80534 0.446 2.87410 -0.280 0.644

[

It can be seen from Table 1 that all parameter estimates for the independent variables, except
X5 , are not statistically significant, since p values are greater than 0.05.
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The Bayesian estimates of the model parameters along with the standard deviations (SDs),
Monte Carlo simulation errors (MC Error), and confidence interval (Cl) between (%2.5-%97.5) of the
parameter estimates are given in Table 2.

Table 2. The statistics obtained with Bayesian estimators

Variables Mean Exp(Mean) SD MC Error Cl

Intercept 11.90223 147.72 0.72646 0.02462 (-3.11615, 29.9593)
X, 0.05229 1.053 0.00162 0.00067 (0.01377, 0.09980)
X, 0.41872 1.520 0.15591 0.00421 (0.11763,0.78240)
Xq 0.05399 1.055 0.16803 0.00517 (-0.25042, 0.41285)
X, 0.15183 1.163 0.09890 0.00257 (-0.00556, 0.37750)
Xs 0.16783 1.182 0.09245 0.00220 (-0.01837, 0.33160)
Xq -6.84683 0.001 2.60164 0.06542 (-12.94350, -2.45507)
X, 1.42337 4.151 0.03344 0.01588 (0.09428, 2.68094)
Xg 0.42022 1.522 3.54912 0.09246 (-0.89632, 5.20511)

It can be seen from Table 2 that parameter estimates for the independent x , x,, x, and x, are

statistically significant at 0.05 significance level, i.e. Cl between (%2.5-%97.5) of these parameter
estimates not include the value 0.

According to Table 2, the ratio of the population of the OECD countries which are the member
of EU to the non-member countries is 1.05. The ratio of women's participation in parliament in the
OECD countries which are the member of EU to the non-member countries is 1.52. The ratio of life
satisfaction of those who live in the OECD countries which are the member of EU to the non-member
countries is 0.001. The ratio of health expenditures of the OECD countries which are member of EU to
non-member countries is 4.52.

Burn-in procedure is applied to the first 1000 iterations in the Markov Chain for providing
convergence to the posterior distribution. Autocorrelation plots, trace plots and Geweke convergence
test results are also utilized to guaranteed convergence for the posterior distribution; see, Figure 1, Figure
2 and Table 3, respectively.

Autocorrelations given in Figure 1 measure the dependence between each sample value in the
Markov Chain. Low correlation means that the convergence has been achieved; see (Cowles & Carlin,
1996).
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Figure 1. Autocorrelation plots within each parameter logit model

B

Bo 1
& =] N | g3 |
T T T T T T 2y : T T , :
100000 140000 180000 100000 140000 180000
B2 Bs
3 | © 3 N |
o T T T T T T A ] : : | J
100000 140000 120000 100000 140000 180000
Ba Bs
= 7 I | - T IR
o 3 T T T 5 T rl e 3 T T T T T ||
100000 140000 180000 100000 140000 180000
Be B,
™
o 3 | o § |
T T T T T ol T T T T T
100000 140000 180000 100000 140000 180000

Bs
=

100000 140000 180000

Figure 2. The traceplots within each parameter logit model
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From Figure 2, it also can be said that convergence has been achieved for each parameter of the
corresponding variables.

Table 3. Geweke convergence test results

Variables: Intercept X, X, Xq X . Xg X, Xq

Z statistics: 0.693 -1.340  1.019 -1.755  0.317 0.362  0.019 -0.071  -0.990

In this study all tests were conducted under %95 confident intervals that mean critical values of
test statistics is &+ 1.96. It can be seen from Table 3 that Geweke test statistics for all parameters with
corresponding variable is between * 1.96 which shows the convergence has been achieved for each
parameter.

4. Discussion and Conclusion

In this study, a short literature review for Bayesian logistic regression is presented. Also, the
estimates of the model parameters are derived by using maximum likelihood estimation and Bayesian
estimation methods. Moreover, the real data set is analyzed at for better understanding of the methods
presented. This data set taken from the OECD is modeled by using the binary logistic regression model.
In the estimation procedure of the model parameters, the ML and the Bayesian methods are used. In
Bayesian methods, burn-in procedure is applied to the first 1000 iterations in the Markov Chain for
providing convergence to the posterior distribution. Also, autocorrelation plots, trace plots and Geweke
convergence test results are utilized to guaranteed convergence for the posterior distribution. It can be
seen from all convergence tests that convergence was provided for each parameter. Then, the modeling
performances of these two models are compared by using the well-known information criteria such as

AIC and BIC given in Table (4). Also, Mc Fadden R?and correct classification ratio values for each
model are given in Table (4). It should be noticed that smaller values of the Mc Fadden R? . AlIC and
BIC are mean better fitting.

Table 4. Goodness of fit results

Correct
Criteria Classification Mc Fadden R? AIC BIC
Ratio
Model based on ML estimates 89.70 0.66 38.44 51.91
Model based on Bayes estimates 94.20 0.53 32.74 46.21

According to Table (4), it can be concluded that binary logistic regression model based on the

Bayesian estimates has higher correct classification ratio and smaller Mc Fadden R?, AIC, and BIC
values than the based on the ML estimates. The differences between ML and Bayesian estimates are
occurred by the small sample size. Results show that for small sample size, as similar in application of
this study, the Bayesian method shows better performance than the ML method based on the goodness
of fit statistics given in Table (4). In this regard, it is seen that the Bayesian method is more preferable
than the ML method for this data set.
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Optical properties, properties were plotted with all pressure values and given in one figure to

Thermodynamical properties  provide an easy comparison. Elastic properties were also given to show the
effect of pressure on CoAsS crystal. It was noticed that cubic CoAsS mineral
was fragile.

CoAsS Kristalinin Baz1 Fiziksel Ozelliklerinin Basin¢ Altinda incelenmesi

Makale Bilgileri Oz: CoAsS kristalinin temel durumdaki (P=0 GPa) ve 10, 20, 30 ve 40 GPa
) basinglar1 altindaki yapisal, elektronik, optik, elastik ve termodinamik
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Yaklagimi altinda incelenmistir. CoAsS kristali 1.06 eV luk dogrusal olmayan
band aralig1 ile yariiletken bir karaktere sahiptir. CoAsS iizerindeki basing
artirtldiginda kristal bant araligi beklendigi gibi artmakta ancak yiiksek basincin

Anahtar Kelimeler neden oldugu yapisal deformasyon nedeniyle 40 GPa degerinden itibaren bant

CoAsS, araligt disme egilimindedir. Elektronik bant yapisinin grafikleri, durum

Elastik ozellikler, yogunlugu, optik ve termodinamik O6zellikler igin tiim grafikler, tiim basing

Optik dzellikler, degerleri ile ¢izilip, kolay bir karsilagtirma saglamak igin tek bir figiirde

Termodinamik 6zellikler verilmistir. Basimncin CoAsS kristali {izerindeki etkisini gostermek i¢in elastik
ozellikler de wverilmistir. Kiibik CoAsS mineralinin kirilgan oldugu
bulunmustur.

1. Introduction

Cobaltite (sulfarsenide of cobalt) is a mineral, composed of cobalt (Co), arsenic (As) and
sulfur (S) with the chemical formula CoAsS. It is found in a variety of ore deposits especially in high
temperature veins or in metamorphosed rocks. These minerals constitute with a major part of
technologically important cobalt deposits especially in Morocco, Canada, US, and Russia (Ertseva,
2002). This mineral is strategically important because of containing cobalt element.
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There are different types of cobaltites with different space groups, such as Pca2;, P2;3 and
Pca2; with different crystal structures as orthorhombic, cubic and monoclinic, respectively (Bayliss,
1982). CoAsS in general has a pyrite type structure (Mosselmans, 1995) such as NiAsS (gersdorffite),
NiSbS (ullmannite), CoPS, and large number of others (Pielnhofer, 2015; Gao, 2017).

CoAsS has an forceful spin-orbit coupling and because of that it shows magnetocrystalline
anisotropy energy (Liu, 2019). CoAsS is an isoelectronic compound (Pielnhofer, 2015) and exhibits
ferromagnetism and piezoelectricity. Materials with both ferromagnetism and piezoelectricity are quite
beneficial for magnetoelectric memory devices (Liu, 2019). At higher temperatures as 850 °C, arsenic
and sulfur become completely disordered (Weihrich, 2004), because of its functional and adjustable
properties, CoAsS is used in a large application fields such as photovoltaics, electrocatalysis and
energy storage (Gao, 2017).

Ertseva and Tsymbulov (Ertseva, 2002) studied phase transformations with respect to thermal
influences. Many cobaltite specimens from localities in North America, Australia, and Sweden were
analyzed with experimental techniques by Bayliss (Bayliss, 1982) in order to investigate the structural
properties. Mosselmans et al. (1995) presented metal K- and L3-, sulfur K- and arsenic K- and L3-
edge X-ray absorption spectra of a series of metal disulfides, such as FeS,, CoS;, NiS;, and CuS,, and
their isomorphs, FeAsS and CoAsS. Liu and Zhuang have studied the magnetic and phonon properties
of single layer ferromagnetic and piezoelectric CoAsS crystal (Liu, 2019). Fleet and Burns (Fleet,
1990) have studied twin boundaries that are incoherent and coherent toward X-ray diffraction in
cobaltite. Kaur and Bera (Kaura, 2017) theoretically investigated the effect of alloying on the thermal
conductivity and the thermoelectric properties of cobaltite, CoAsS. Here, we studied on cubic CoAsS
in order to understand the effect of pressure on structural, electronic, optical, elastic and
thermodynamic properties. First, we investigated these properties for the ground state (P=0GPa). Then
we examined the effect of pressure for the values of 10, 20, 30, 40 and 50 GPa theoretically on those
physical properties, using the Density Functional Theory (DFT) within the Generalized Gradient
Approximation (GGA) by ABINIT (Gonze, 2002) computer programme. The motivation of this study
is to show the effect of the pressure on the electronic band structure, density of states, real and
imaginary parts of dielectric constants, reflectivity, refractive index, extinction coefficients, absorption
coefficients, energy-loss function for volume, effective number of valence electrons per unit cell,
Helmholtz free energy, internal energy, entropy and constant-volume specific heat for cubic CoAsS
compound. The objective of this paper was studying of the optical, elastic and thermodynamic
properties of CoAsS for the ground state and the pressure effect on the physical properties for the first
time.

2. Materials and Methods

In order to understand the physical properties of CoAsS in the ground state and under pressure
we performed a first-principle calculations using ABINIT (Gonze, 2002) code under GGA. There are
some types of CoAsS with different crystal structures, however, in this study we investigated the cubic
structure with P2;3 space group (No0:198) which has 12 atoms in its unit cell. To perform the
calculations under the DFT, the Kohn—Sham (Kohn, 1965) equations were solved using the conjugate
gradient minimization method (Payne, 1992). The exchange correlation energy was evaluated by the
GGA within the Perdew—Burke—Enzerhof (PBE) (Perdew, 1992) parameterization. The self-consistent
FHI (Fritz Haber Institute)-type (Fuch, 1999) norm-conserving pseudopotentials were used with the
Troullier-Martins scheme (Troullier, 1991) for the GGA pseudo-potentials of Co, As and S elements.
To perform the electronic wave functions, the plane waves were used as the basis set. Co (3s? 3p® 4s?
3d"), As (4s? 3d*°4p?) and S (3s? 3p*) states were considered as the true valence states. We performed
the optimization of the cut-off energy and the number of k-points and computed the cut-off energy as
30 Hartree and the number of k-points as 45 within the 8 x 8 x 8 Monkhorst-Pack mesh grid (MP)
(Monkhorst, 1976) for cubic CoAsS compound.

3. Reults
3.1. Structural properties
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Cobaltite, CoAsS, in cubic phase with space group of P2:3 (No: 198) was investigated in this
research. First, the structural properties were examined in the ground state and under pressure values
of P=0, 10, 20, 30, 40 and 50 GPa. The internal atomic coordinates for each pressure were relaxed. All
physical properties of a material are directly related with the total energy. For the ground state (for
P=0 GPa) the total energy of CoAsS was -172.4521 Hartree. At this total energy value, CoAsS was
stable for the ground state, and its volume was 1152.65 (Bohr)® (=609 (A)3). The lattice parameters
were calculated for all pressure values and the ground state (Table 1). For the ground state the lattice
parameter was calculated as 10.4849 Bohr (=5.5482 A) which is very close to the value in the
literature, 5.584 A (Jain, 2013) for the ground state. The lattice parameter values for the P=10, 20, 30,
40 and 50 GPa pressure values could not compared with the literature since there is no any theoretical
or experimental data for those pressure values.

Table 1. The volume and lattice parameters of CoAsS with respect to the pressure values

Pressure (GPa) Volume (Bohr)? Lattice Parameter

(Bohr)
P=0 (Ground State) 1152.65 10.4849
P=10 1089.47 10.2897
P=20 1042.46 10.1395
P=30 1002.78 10.0092
P=40 970.06 9.8991
P=50 944.86 9.8127

As noticed from Table 1, with the increasing of the applied pressure, the volume and the
lattice parameters were decreased as expected.

3.2. Electronic properties

To investigate the electronic properties of CoAsS compound, we computed and calculated the
electronic band structure and the density of states graphs of cobaltite for ground state and for other all
pressure values mentioned before. The electronic band structure graph is obtained for the I' — X —
M — R —T — M high symmetry points and given in Figure 2, with the density of states graph attached
(Figure 1(a)), and the detailed part of the electronic band graph between the 0 and 6.5 eV energy
interval (Figure 1(b)). The density of states (DOS) values are given in arbitrary units. The Fermi level
is adjusted to 0 eV. So the energy levels under the 0 eV (Fermi level) are valence energy levels and the
energy levels above the 0 eV are conduction bands. Also from Figure 1 (a), core electron energy levels
can be seen. The obtained result for the indirect band gap is 1.0583 eV for ground state, so cubic
CoAsS has a semiconducting structure. The band gap values found in the literature are 0.75 eV
(Kaura, 2017) and 0.849 eV (Jain, 2013). Figure 1 (a) shows that the main contribution for the density
of states comes from the valence bands. After these, we calculated the electronic band structures for
different pressure values such as P=10, 20, 30, 40 and 50 GPa. We gave the highest valence and the
lowest conduction levels of all pressure values in order to compare the band gaps of CoAsS in all
pressure values (Figure 2). The band gap values of the applied pressure values were given in Table 2.
In Table 2, it was noticed that the band gap values were increasing with the increasing of the applied
pressure values such as 10, 20 and 30 GPa. It is known that when pressure increases, value of band
gap also increases (Erdinc, 2015), or when pressure increases the band gap decreases (Okoye, 2004),
in other words there is a linear relationship between pressure and band gap. For CoAsS from 0 to 30
GPa, the band gap was increasing with the increasing of the pressure while the band gap was
decreasing as the pressure was increasing for 40 and 50 GPa. We noticed that around 40 GPa pressure
value the structural deformation occured for cubic CoAsS because of high pressure effect. CoAsS
deformed around 40 GPa. Because of that for 40 and 50 GPa pressure values some physical properties
such as elastic properties were corrupted. In the following parts we discussed this circumstance in the
elastical properties point of view. Also the elastic properties were deformed with the 40 and 50 GPa
values.
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Figure 1. (a) The electronic band structure attached with the total density of states, (b) the detailed part
of the valence bands with the 0-6.5 eV energy interval.

Energy (eV)

Table 2. The band gap values of CoAsS with respect to the pressure values

Pressure (GPa) Energy Band Gaps (eV)
P=0 1.0583
P=10 1.1637
P=20 1.2084
P=30 1.2367
P=40 1.2317
P=50 1.1577
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Figure 2. The highest valence and the lowest conduction bands of CoAsS with respect to all applied
pressure values.

Table 3. Energy dispersion of the highest valence band and the lowest conduction band of CoAsS at
various pressures. Energy values are given in eV units

0 GPa 10 GPa 20 GPa 30 GPa 40 GPa 50 GPa 0 GPa
Er_r 1.6452 1.8683 2.0000 2.1258 2.147 2.1217
Ex x 1.7334 1.8673 1.9476 2.0295 2.0822 2.1338
Ey_um 2.1267 2.3417 2.4461 2.5576 2.6468 2.7178
Ep_r 1.9899 2.293 2.4694 2.6651 2.8354 2.9854
Er_x 1.4739 1.6443 1.7395 1.8338 1.8216 1.779
Er_m 1.3563 1.5277 1.6209 1.7091 1.6918 1.6361
Er_r 1.8764 2.1045 2.2281 2.3468 2.3508 2.3295
Ex m 1.6158 1.7507 1.829 1.9048 1.9524 1.9909
Ex r 2.1359 2.3275 2.3262 2.5425 2.6114 2.6843
Ey_gr 2.6468 2.9185 3.0533 3.1953 3.3058 3.4112

In Table 3, the effect of high pressure (40 and 50 GPa) can be seen.
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Figure 3. Density of states according to various pressure values.

The density of states graphs for different pressures were given in one plot as seen in Figure 3.
This investigation was also done for all pressure values mentioned before, but in the graph only the
P=0, 30 and 50 GPa values were given in order to avoid confusion in the figure. As the pressure
increased, the frequency values of the valence bands decreased and the frequency of the conduction
bands increased, so that the band gap increased up to 40GPa, and decreased for the 40 and 50 GPa,
because of the structural and elastical deformation.

The effect of the pressure on the electronic band structure and density of states are done for the
first time in the literature with this study.

3.3. Optical properties

To investigate the optical properties, the complex dielectric function should be calculated. The
complex dielectric function has the real (&;) and the imaginary (&) parts. After calculating the
imaginary part of the complex dielectric function, the real dielectric part can be calculated from
imaginary part by using the Kramers-Kronig relations. The real part is mostly related with the physical
properties of the material and the imaginary part is mostly related with the energy loss of photons in a
material, electron transition between electronic bands and optical response of the material such as
absorption, reflection etc. with respect to the phonon energies. The complex dielectric function has
three different components along the 100, 010 and 001 crystal axes directions. Since cubic materials
are optically isotropic, means that the optical responses of polarized light is same for these three
directions, only one independent component is sufficient to investigate.

The real and imaginary parts of the dielectric function for P=0, 10, 20, 30, 40 and 50GPa
pressure values are given in Figure 4 (a) and 4 (b), respectively.
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Figure 4. The (a) real and (b) imaginary parts of complex dielectric function under P=0, 10, 20, 30, 40
and 50 GPa pressure values.

The calculated static dielectric constants (g,) of cubic CoAsS were 18.75, 17.79, 17.52, 17.11,
16.82 and 16.49 for P=0, 10, 20, 30, 40 and 50GPa, respectively. The negative values of the real
dielectric constants were between 4.12-19.83 eV of phonon energies (for P = 0 GPa), that in these
intervals the incident electromagnetic waves are totally reflected. This interval was getting enlarged as
the pressure increases. Beyond these intervals there was no transition occurs between the states. At the
boundary points of these intervals, the zero values of &; corresponds to the plasmon excitations. The
parts in which g; increases with the phonon energy is called normal dispersion state, decreasing with
the phonon energy is called abnormal dispersion state. From &,, for the ground state, between the 0
and 1.06 eV phonon energy interval, there was no absorption but small reflectivity occured because
this region showed high transparency. From 1.06 to 2.39 eV there was strong absoption and
appreciable reflection. For higher values than 1.06 eV (equal to band gap value, obtained by the
electronic band structure graph) the transitions from valence to conduction bands were seen. From
2.39 to 7.39 eV there was high reflectivity. For higher pressure values those energy intervals can be
seen from Figure 4 (b).
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Figure 5. (a) Reflectivity (R), (b) refractive index, (c) extinction coefficient (k), (d) absorption
coefficient (@), (e) energy loss function for volume (Lv) , (f) effective number of valence
electrons per unit cell (Nef).

Some fundamental optical constants were given in Figure 5. The characteristic of the
reflectivity can be seen in Figure 5 (a). The static refractive index of CoAsS was 4.33, 4.22, 4.19, 4.14,
4.10 and 4.06 for P=0, 10, 20, 30, 40 and 50 GPa, respectively. The local minimum part of the
extinction coefficient corresponds to the phonon energy interval of the negative parts of the real
component of dielectric constant. Loss function refers to the energy loss of a fast electron crossing
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over the crystal. The peak of the energy loss function for volume (Lv) is related with the plasma
oscillations with w,, plasma frequency, which also corresponds to the negative values of the &;. Nest
specifies the contribution which was done to optical functions during the transition between the
electronic bands and reaches to the saturation level (504.07) at around 15 eV. After this level there
were no any transitions between the electronic bands.

3.4.Elastic properties

In order to analyze the elastic properties such as bulk modulus, shear modulus, Young
modulus etc, first of all the elastic constants have to be calculated. Elastic constants are the
components of elastic matrix. Elastic matrix has 36 components. Actually, elastic constants are rank
four tensors with 81 components (Cwmn) but by using a matris notation four indices can be decreased to
2 indices (Cjj) and 81 components decrease to 36 components by the help of the symmetry of crystals.
Additionally, cubic structures has extra symmetries, therefore, in the cubic structures elastic matrix has
just three components, namely, Ci1, C12, Caa.

Ci1 Gz Gz Ciu (5 Cye €11 Ci2 Cypp 0 0 O
Cr1 Gy Coz Cyy Cps (g . G Gy 0 0 O
C31 C3p C33 (34 (35 C3g S . O 0 0 O
Car Cap Caz Cus Cus Cye 0 0 O 4s 0

Cs1 Cs Csy Csy Css Csg / \ 000 0 Cu O /
Co1 Cez Cez Ces Ces Cgg 0 0 0 0 0 Cy

The values of these elastic components are given in Table 4 with respect to the applied
pressure values.

Table 4. The values of Ca1, C12 and Cas according to the pressure values

Pressure (GPa) C11 (GPa) Ci12 (GPa) Cas (GPa)
0 299.32 41.20 103.29
10 401.49 52.83 122.81
20 470.58 67.21 141.74
30 557.05 78.89 156.33
40 603.11 90.94 169.68
50 595.71 93.23 172.80

If the material is mechanically stable it has to obey to Born Stability Criterias. These criterias
changes according to the crystal structure of the material (Mouhat, 2014). For cubic structure this
criteria is as follows;

Ci1—C12>0;C11+2C1,>0;C4u>0 @

As seen from Table 4, our calculated values for all pressure values satisfied the criteria which
confirmed that cubic CoAsS was mechanically stable.

Afterwards, we computed the values of the Bulk modulus (B) and Shear Modulus (G) with
three different approximations that are namely Voight, Reuss and Hill. Then we computed Yound
module (E), Poisson’s coefficients (v) and Zener anisotropy factor (A) for all pressure values (Table
5). As seen from Table 5, the bulk modulus values with respect to these approximations were
calculated as equal to each other.
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Table 5. Values of some elastic features with respect to pressure values.

Pressure Br Gv (GPa) Gr (GPa) GvrH E(GPa) v(-) K() A
(GPa) (=Bv) (GPa)

(=Bvrn)

(GPa)
0 127.24 113.59 112.25 112.92 261.43 0.15 1.12 0.800
10 169.04 143.41 139.27 141.34 331.60 0.17 1.19 0.705
20 201.66 165.71 160.86 163.29 385.75 0.18 1.23 0.703
30 238.28 189.42 181.45 185.44 441,73  0.19 1.28 0.654
40 261.66 204.24 196.15 200.20 47855 0.20 1.31 0.663
50 260.72 204.17 197.45 200.81 479.37  0.19 1.30 0.688

The ratio of bulk modulus and shear modulus (K) gives the fragility of that material. The
smaller values than the critical value of K e.i. 1.75, are fragile materials. We found this ratio as 1.12
for the ground state and 1.30 for the P=50 GPa, it showed that cubic CoAsS was a fragile material.
Also the critic value of Poisson ratio is 0.3 . The smaller values indicates that materials have fragile
property. Since our calculated values of Poisson ratio’s for all pressure values were smaller than 0.3,
so this also provided that our material was fragile. The anisotropy factor (A) points that the elastic
anisotropy of the materials. Our calculated values were between 0.800 and 0.688 that demonstrates
that cubic CoAsS has elastic anisotropy.

3.5. Thermodynamic properties

To investigate the thermodynamic features of cubic CoAsS mineral, the Helmholtz free energy
AF, the internal energy AE, the constant-volume specific heat Cv and the entropy S were calculated as
a function of temperature and given in Figure 6.
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Figure 6. Some thermodynamic properties of cubic CoAsS such as (a) Helmholtz Free energy AF, (b)
Entropy S, (c) internal energy AE and (d) constant- volume specific heat Cy.
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As seen from Figure 6, the free and the internal energies were different from zero at zero
temperature, so it was clear that at zero point oscillations occured. The value of free energy was 5.789
x10* k J /mol and the value of internal energy was 5.796x10* k J /mol at zero temperature for the
ground state. These values were very close to each other as expected. At the same temperature point
the values of both energies were increasing as ingreasing the pressure (Figures 6 (a) and (c)). However
as the pressure were increasing the entropy and the constant-volume specific heat decreased. Specific
heat approached a limit value 295.11 J/mol K at 914.96 K.

4. Conclusions

The approach of this study was to figure out some physical properties of cubic CoAsS mineral
such as structural, electronic, optical, elastic and thermodynamic properties in the ground state and the
influence of pressure on those properties. The lattice parameters for all pressure values were calculated
and one for the ground state was compared with the literature, which was given a good agreement.
Afterwards the electronic band structure and the density of states were computed and plotted, which
showed that this material was a semiconductor with an indirect band gap. We found out the optical
properties of cubic CoAsS under pressure. It was found that this material was elastically fragile and
structurally deformed at around 40GPa and higher pressure values as also noticed in the electronic
properties. Last of all the Helmholts free energy, internal energy, entropy and constant volume specific
heat were investigated for the ground state and under pressures. These calculations were performed for
the first time that is why we could not compared our results with the literature. We believe that this
study will be a guide for new further studies on cubic CoAsS mineral.
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