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1.  

 
 
 
1.1. Diyabet 

 
 
1.1.1. Diyabet nedir? 

 
 

kronik 

metabolik . 

ciltte kuruma v  . 

 
 

 (WHO, 

2016). 

 
 

: 

 Tip 1 DM (T1DM) -h

eksik  

 Tip 2 DM (T2DM) cin

 

 

bir belirtisi olmayan 

 , monogenik diyabet send

(ADA, 2017). 
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1.1.2. Diyabet tedavisi 

 
 

  

 
 

  

 
 

DM tedavisinde diyet, 

ve 

 

 
 
 
1.1.3.  

 
 

 

  

  

  

  

  

 

 Biguanidinler 

  

  

  

  

 Tiazolidindionlar 
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 Glukagon benzeri peptid 1 (GLP-  

 Sodyum gli  

 Dapagliflozin 

 Kanagliflozin 

 Empagliflozin 

 Ertugliflozin 

  

 Dipetidil peptidaz 4 (DPP-  

 Linagliptin 

 Sitagliptin 

 Vildagliptin 

 Saksagliptin 

 Alogliptin 

 Simvastatin 

  

 

  

 
 
 
1.1.4.  

 
 
1.1.4.1. Dapagliflozin 

 
 

 ile beraber glisemik kontrole  (Obermeier 

ve ark., 2010). Dapagliflozin, 8 Ocak 2014 tarihinde   

(FDA)  
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1.1.4.1.1.  

 
 

1.  

 
 

 
 

1.1. Dapagliflozin  
 

  (2S,3R,4R,5S,6R)-2-[4-kloro-3-[(4-etoksifenil)metil]fenil]-6-

(hidroksimetil)oksan-3,4,5-triol 

  C21H25ClO6 

  408.9 g/mol 

ATC kodu:   A10BK01 

pKa:   12.57 

  0.173 mg/mL (Su) 

  

 
 
 
1.1.4.1.2. Farmakolojik  

 
 

Dapagliflozin

filtrelenen gli bulunan ve 

SGLT2 yoluyla renal glikoz 

reabsorbsiyonu (List ve ark., 

2009).  
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1.1.4.1.3. Farmakokinetik  

 
 

Dapagliflozin insanlarda 0.1   gastrointestinal yoldan 

%78,0 oral  edilmektedir (Boulton ve ark., 2013)

e maksimum konsantrasyona 

 

 
 

 

maksimum 

(Kasichayanula ve ark., 2011) dapagliflozin oral 

ola 7 (%72.0 idrarda ve %1.

(Kasichayanula ve ark., 2008). Uygulanan dozun %

kalmakta ve bu metabolitlerin %

- O - 

(Kasichayanula ve ark., 2014). Dapagliflozinin 

mekanizma metabolik eliminasyondur (Obermeier ve ark., 2010; Zinker ve ark., 

2011). 

 
 
 
1.1.4.1.4. Toksik etkiler 

 
 

 

olabilmektedirler. 
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klirensi 30 mL/dk olan hastalarda ise kontra-endikedir. 

 
 
 
1.1.4.2. Linagliptin 

 
 

Linagliptin, T2DM tedavisinde  DPP- (Freeman, 

2011) linagliptin

(Rosenstock ve ark., 2019). Linagliptin

DPP- (Graefe-Mody ve ark., 2012). 

 
 
 
1.1.4.2.1.  

 
 

2.  

 
 

1.2.  
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  8-[(3R)-3-aminopiperidin-1-il]-7- -2-inil-3-metil-1-[(4-

metilkinazolin-2- -2,6-dion 

  C25H28N8O2 

  472.5 g/mol 

ATC kodu:   A10BH05 

pKa:   9.86 

  0,0502 mg/mL (Su) 

 190   

 
 
 
1.1.4.2.2.  

 
 

- -4 inhibisyonu, GLP-1 ve 

 -1 ve GIP, 

(Graefe-Mody ve ark., 2012). 

 
 
 
1.1.4.2.3. Farmakokinetik  

 
 

Linagliptin  5 10 mg 

linagliptin  380

dokulara ya  

(Graefe-Mody ve ark., 2012). Oral uygulanan linagliptin  

 (Blech ve ark., 2010) (Graefe-Mody ve ark., 2012). 

 7- -2-inil 8-(3S-hidroksi-piperidin-1-il)-3-metil-1-(4-

metil-kinazolin2-il metil)-3,7-dihidro- -2,6-dion (CD1790)'du

 M489(1)'dur. 

degradasyon, N-asetilasyon, glukuronidasyon ve sistein 
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spektrometri  Linagliptin 

3A4, aldo-  (Blech ve ark., 

2010). 

 
 
 
1.1.4.2.4. Toksik etkiler 

 
 

etkin

 

dozum lenfoma  

 
 
 
1.2. Elektrokimya 

 
 

Elektrokimya, elektriksel ve kimyasal etkilerin birbiri ile ili

 (Bard ve Faulkner, 2001)

incelenmesidir (Kelter ve ark., 2000).  

 
 
 
1.2.1. reler 

 
 

Elektrokimyaya konu olan reaksiyonlar elektr

. B temel olarak, her biri uygun bir 

meydana 

gelmektedir (Skoog ve ark., 2013)

H
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u,  elektrodu ve . 

1.3.  

 
 

 
 

1.3.  . 

 
 
 
1.2.1.1. r 

 
 
1.2.1.1.1.  

 
 

nme tepkimeleri 

 elektrodu, polarize olabilen ve 

potansiyeli zamana ve elektrodunun 

po . u 

r.  
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1.2.1.1.2.  

 
 

 elektrodu an elektrottur. 

unun potansiyel . Ag/AgCl 

elektrot ve doygun kalomel elektrot tercih edilen  elektrotlar  

 
 
 
1.2.1.1.3.  

 
 

si u ile . 

dunun 

tedir. 

 

 
 
1.2.1.1.4. Modifiye elektrotlar 

 
 

-aktif 

, elektro-ka , analitin 

 

. 

 temelli malzemeler, polimerler ve metal 

malzemelerdir.  
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1.2.1.2.  

 
 

 

 
 
 
1.2.2.  

 
 

Yayg

4. ara 

 

.   

.  

 

 

 (Skoog ve ark., 2013). 

 
 
 
1.2.2.1. Voltametri 

 
 

 

lerdir

 (Skoog ve ark., 2013). Voltametri, incelenen maddenin tepkimesi 

(Bagotsky, 2006). Voltam

potansiyel  (Bard ve ark., 2008). 
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1.4.  (Skoog ve ark., 2013). 

 
 
 
1.2.2.2.  

 
 

mikro elektrot 

. Voltametride en 

 5.  
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1.5. 
 (Skoog ve ark., 2013). 

 
 
 
1.2.2.2.1.  

 
 

5. 

formundaki potansiyel uygulana  (Skoog ve ark., 

2013).  

 

(Browson ve Banks, 2014; Lefrou ve ark., 2012). 

in hem kinetik hem de 

(Marken 

ve ark., 2010). 
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1.2.2.2.2. Puls Voltametri 

 
 

(Skoog ve ark., 2013). 

farada  (Stojek, 2010). 

edilen  puls voltametri (DPV) ve kare dalga 

voltametridir (KDV).  

 
 
 
1.2.2.2.2.1. Diferansiyel puls voltametri 

 
 

DPV 5. terilen dalga formunda 

. , nce olmak 

 I) . DPV en hassas 

 1000 kat daha hassas 

uygul  

ancak bu zamanla azalarak pulsun sonu

(Bard ve ark., 2008; Skoog ve ark., 2013). 

 
 
 
1.2.2.2.2.2. Kare dalga voltametri 

 
 

 

5. C de, tersinir bir reaksiyon 

. Bu sayede, ile

 I) lerek 

voltamogramlar elde edilmektedir
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 (Ep) -dalga potansiyeline 

gelmektedir (Skoog ve ark., 2013). 

 
 
 
1.2.2.2.3.  

 
 

 (SV), analitin 

  (Bard ve ark., 2008). 

 (Lovric, 

2010).  

tedir

vermektedir. (Skoog ve ark., 2013). 

 
 
 
1.3.  

 
 

elektrokim ri 

 Kimyasal 
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(Bard ve ark., 2008). 

 
 

analiz  maliyet, kolay 

en er 

. 

 
 

Nano-malzemeler, 

  boyutta (<100 nm) malzemeler 

olarak bilinmektedir. Nano-malzemeler 

r. Karbon temelli 

nano-malzemeler, metal nanopart

 

 
 
 
1.3.1. Karbon temelli nano-malzemeler 

 
 

Karbon temelli materyaller olarak ilk akla gelen malzeme grafendir. Grafen, 

sp2 

  (Geim ve Novoselov, 2007). 

karbo

.6.  

 
 

-malzemeler

-elektronik, opto-
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olarak  

 
 

 
 

1.6. (Geim ve Novoselov, 2007). 

 
 
 
1.3.2.  

 
 

olarak 

-

. amanda 

metali dikalkojenitleri, vb. materyallerin elektro-

ne halde 
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1.3.3. Mo  

 
 

MoS2), Grafen 

benzeri MoS2 kristalleri, van der Waals 

dan (S-Mo-S) 

 (Huang ve ark., 2017; Radisavljevic ve ark., 2011). MoS2  tek S-Mo-S 

- -

S atomlar dur (Han ve Hu, 2016).  

 
 

MoS2

1.7. 2  F  ile S 

 

koordinas

e Mo 

(Han ve Hu, 2016; Voiry ve ark., 

2015). 

 
 

ekil 1.7. MoS2 (Chia ve ark., 2015b) 
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1.3.3.1. MoS2  

 
 

yayg , 1.3 eV ile 1.

(Chang ve ark., 2016). 

kimyasal veya elektro

2
7 

iyonlara ebilme kabiliyetine atfedilmektedir (Jayabal ve ark., 2018)

-MoS2 

-MoS2

 (Anbazhagan ve ark., 2018; Yin 

ve ark., 2017). 

 
1.3.3.2. MoS2  

 
 

MoS2

Er ve Erk (2020), 1T-MoS2 u nano- -

lard  

ylerini kaplayarak 

 9.

olarak 2 

 %100. (GK) (Er ve Erk, 

2020). 

 
 

Vijayaraj ve ark. (2017), MoS2,  

in fare beyin 

-vivo tayinini , dopamine .0 nM 

 1000.0 nM  10.0 
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.6  %101. elde 

 (Vijayaraj ve ark., 2017). 

 
 

Wang ve ark. (2020), polipirol  MoS2 -kompozit 

p  

 242.5 

ve 0.

(Wang ve ark., 2020). 

 
 
 

Vinay ve ark. (2020), te , MoS2 ve polietilen glikol ile 

ile 

 

azin 

 90

GK 

.0  %102.2 3  %101.0 olarak 

(Vinay ve ark., 2020). 

 
 
 
1.3.4. Sistein 

 
 

Sistein, 

Sistein ve metiyon . 

Sistein SH grubu 

dir. llerinde genellikle daha 

 hale getirmek  rarak sistin formunda bulunmakta ve 

eya proteinlerin 

biyoaktivitesinde 



21 
 

 . Proteinler amino asit 

sistein sistin meydana getirmektedir (Kobayashi, 2011; 

Sakamoto ve ark., 2017). Sisteinin kimyasal .8.  

 
 

 
 

1.8. Sistein . 
 
 

   2-amino-3-  

  C3H7NO2S 

  121.16 g/mol 

pKa:   1.71  8.33  10.78 

  280 mg/mL (Su) 

  

 
 
 

Sistein  

potansiyeline sahiptir

Sistein

yerine N-aset . 

(Sakamoto ve ark., 2017). 

 
 
 
1.3.4.1. Sisteini  

 
 

Sistein, -SH 

olarak kull rlanabilirlik 
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gibi  

(Sohouli ve ark., 2020). 

 
 
 
1.3.4.2.  

 
 

Wang ve Du (2004), a  

1 M pH: 5.8 

Britton  Robinson tampon sinde 0.0  0.5 V pot

 e  

1  .

3 ile %105.0 GK 

(Wang ve Du, 2004). 

 
 

Wang ve ark. (2006)

-NH3 ve 

 NH3 

radikallerine elektro-  Aset

 10.0 .0  100.0 

GS, 0. GK 

- %102.9, idrar 3 - % (Wang 

ve ark., 2006). 

 
 

Oliveira ve ark. (2020), ZnO nano-
2+ 

-
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.0  

140.0 .0 ile %95.0 GK 

(Oliveira ve ark., 2020). 

 
 

Ghanbari ve ark. (2019)

nano-  

01 nM  100.0  100.0 

GK .0  %102. (Ghanbari 

ve ark., 2019). 

 
 
 
1.4.  

 
 

Dapagliflozin ve linagliptin 

  

 
 
 
1.4.1. Dapagliflozin  

 
 
1.4.1.1. Sp  

 
 

Lotfy ve ark. (2019), dapagliflozin dan 

 

 

 GK  spektrum

  

dapagliflozin .5  50. GS, 

dapagliflozin  

(Lotfy ve ark., 2019). 
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Omar ve ark. (2019), dapagliflozinin 

 4-kloro-7-nitrobenzo-2-oksa-1,3-diazol reaktifi ile dapagliflozin 

 reaksiyonu ile org floresan kompleksinin 

. 

 .0  1000.0 

Tabletten ortalama %99.84, 

plazmadan ortalama %98.

dapagliflozin

dapagliflozin analizi ve 

dapagliflozin  

(Omar ve ark., 2019a). 

 
 
 
1.4.1.2.  

 
 

El-Zaher ve ark. (2019), dapagliflozin, saksagliptin ve metforminin insan 

-KS/KS)  

 Zorbax C18  

.1 

formik asit, dakikada 0. Dapagliflozin 

.0  500.0 

FDA 

(El-Zaher ve ark., 2019). 

 
 

Nasser ve ark. (2018), dapagliflozin 

 

-pak C18 kolon ve 
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65:35 hacimsel oranda 10 mM NaH2PO4

-

r. Hareketli faz olarak 9:0,9:0.1 hacimsel 

oranda  

dapagliflozin 

YBSK .0  20.0 .0  10.0 

(Nasser ve ark., 2018).   

 
 

Reddy ve Sankar (2019), dapagliflozin 

-

.   kolon 

3 mL/dk Dapagliflozin 

5  15.0  

(Reddy ve Sankar, 2019).  

 
 
 
1.4.2. Linagliptin  

 
 
1.4.2.1. Sp   

 
 

Aref ve ark. (2020), linagliptinin pH: 8. -kloro7-

0  100.0 ng/mL, 

GS ise 0.

insan 

linagliptin umut verici bir 

(Aref ve ark., 2020).  
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Amin ve ark. (2019), metformin HCl, empagliflozin, linagliptin ve pioglitazon 

 

linagliptinin 

(Amin ve ark., 2019). 

 
 

 Omar ve ark. (2019), linagliptinin tabletlerden 

. linagliptinin amino 

 

boyunda 

2  2.0 

linagliptin 

. (Omar 

ve ark., 2019b). 

 
 
 
1.4.2.2.   

 
 

Salapaka ve ark. (2019), linagliptinin S-

Ters faz (TF)-YBSK 

 (4-kloro-3-

Hareketli faz olarak 35:65 h/h (NH4)2HPO4 

 1.7 

e 0. S-

(Salapaka ve ark., 2019). 
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Shah ve ark. (2019), empagliflozin ve linagliptin

-

 ve 2 mM CH3COONH4 ile 

Analitlerin tespiti, pozitif 

mod elektrosprey iyonizasyon Linagliptin 015 

 15.0 .

(Shah ve ark., 2019).  

 
 

Ayoub (2015),  empagliflozin, linagliptin  

. 

18 kolon  2.1 mm, 2.2 

mm) 2PO4: Metanol (50:50 h/h

linagliptin 5  16.0 

GS, 0.

linagliptin

(Ayoub, 2015). 

 
 

El-Kimary ve ark. (2016), linagliptin, saksagliptin ve vidagliptinin metformin ile 

254 plakalar 

5 (NH4)2SO4 

(El-Kimary ve ark., 2016).  

 
 
 
1.4.2.3.  

 
 

Rizk ve ark. (2020), linagliptin 

3O4 

nano-
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.0 BRT 

Linagliptin -5  1.53 -3 

1. -5 M GS ve %98.80  102.

(Rizk ve ark., 2020). 

 
 

Naggar ve ark. (2020), linagliptinin 

, 

 Linagliptin, 0.1 

M NaClO4 .5 Teore 2 V potansiyelde net 

.24  5.

linagliptinin 

(Naggar ve ark., 2020).  

 
 

Gandomi ve ark. (2020), linagliptin itrit- -siklodekstrin ile 

 

linagliptin 01  50.0 

(Gandomi ve ark., 2020) 

 
 

2 
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2.  

 
 
 
2.1. kimyasal maddeler 

 
 

izelge 2.1.  

 
 

2.1.  
Kimyasal madde  Marka 

Dapagliflozin C21H25ClO6 Bristol-Myers Squib 

Linagliptin C25H28N8O2 Boehringer Ingelheim 

 MoS2  Madencilik 

Sistein C3H7NO2S Sigma-Aldrich 

1,6 M n-  C4H9Li Sigma-Aldrich 

Hekzan C6H14 Merck 

Dimetilformamid C3H7NO Sigma-Aldrich 

Argon Ar AnkaraGaz 

Aseton C3H6O Merck 

Etanol C6H12O Carlo Erba 

Metanol CH4O Merck 

Asetik asit CH3COOH Merck 

Fosforik asit H3PO4 Merck 

Borik asit H3BO3 Merck 

Soydum hidroksit NaOH Merck 

Hidroklorik asit HCl Merck 

Potasyum nitrat KNO3 Merck 

 K3[Fe(CN)6] Acros Organics 

Glukoz C6H12O6 Sigma-Aldrich 

  Sigma-Aldrich 

 C5H4N4O3 Sigma-Aldrich 

Dopamin C8H11NO2 Alfa-Aesar 

Kafein C8H10N4O2 Sigma-Aldrich 

 
 



30 
 

1. Devam  
Kimyasal madde  Marka 

Askorbik asit C6H8O6 Sigma-Aldrich 

Kalsiyum  CaCl2 Merck 

 Na2SO4 Merck 

 Al Metkon 

Metformin C4H11N5  

Vildagliptin C17H25N3O2 Sanovel 

Saksagliptin C18H25N3O2 AstraZeneca 

Yapay plazma  Sera-Flx 

 
 
 
2.2.  

 
 

2.

 

 
 

2.2.  
Cihaz Marka  Model 

X-  spektrometre Panalytical Empyrean 

X-  PHI500 VersaProbe 

 Shimadzu IR-Affinity 1 

 JEOL JEM 2100F 

Hassas terazi Radwag AS 220 R.2 

pH metre Hanna Instruments 

  

Ultrasonik banyo Bandelin sonorex 

 Heidolp MR Hei-Standard 

Ultra-  Millipore, Milli-Q 

Otomatik pipet Thermo Fisher Scientific Finnpipette 

 Thermo Electron Corp. MicroCL 17R 

 -200 

Vorteks Velp Scientifica 
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2.3. T  

 
 

 

3.  

 
 

2.3  

 Marka-Model 

Potansiyostat  Galvanostat sistemi Metrohm Autolab PGSTAT 128N 

 BASi  - C3 

  BASi  - MF 2012 

 (Ag/AgCl) BASi  - MF 2052 

 (Pt tel, 7,5 cm) BASi  - MW 1032 

Parlatma  cilalama seti BASi  - MF 2060 

 BASi  - MR 1208 

 
 
 
2.4.  

 
 

allar ve ultra-saf su 

.  

tarihleri .  

 
 
 
2.4.1. Dapagliflozin standart  

 
 

ltisi 1. . 

. 20.445 mg (0.05 mmol) dapagliflozin hassas terazide 

 ve 50 m . Daha sonra ort  

. Dapagliflozin tamamen 
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. Dapagliflozin stok 

, lektrolit 

l . 

 
 
 
2.4.2.  

 
 

zeltisi 1. . 

. 23.625 mg (0,05 mmol) linagliptin  

 metanol ile 

kadar 

. Linagliptin stok  

. Linaglip , 

istenilen konsantrasyonlara elektrolit . 

 
 
 
2.4.3.  

 
 

25 M .  bir 

miktar ultra- . 2.47 g H3BO3 

. 2.7 mL H3PO4 ve 2.3 mL CH3COOH otomatik pipet ile balon jojeye 

 

u . 0.

. BRT tamponunu istenil 1 M NaOH ve 

0.1 M HCl . 
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2.4.4.  

 
 

 . 

10 adet tablet hassa  

261.02 mg . 10 adet tablet havanda iyice toz 

. zeltisi 1. . 10.223 mg 

(0.025 mol) 266.84 mg tabl  

. Balon jojedeki tablet toz

. Daha sonra tabletin 

 PTFE 

. 

. 

konsantrasyona el

.  

 
 
 
2.4.5.  

 
 

plazmadan tayini 

. Uygun miktarda l

 

 ve 

tekrar 1 dk boyun

numune dakikada 10000 devi . Proteinlerinden 

el . 
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2.4.6.  

 
 

imyas 0 mM K3[Fe(CN)6] 

ve 1.0 M KNO3 . 1.0 mM K3[Fe(CN)6 22 mg madde 

10 mL ultra- . 1.0 M KNO3 1 g madde 

100 mL ultra- .  

 
 

gli

kafein, askorbik asit, CaCl2, NaSO4

. Gerekli miktarda maddeler hesa

 

2.4.

. 

 
 

2.4. 
 

Kimyasal madde Kimyasal madde 
 

 
(mL) 

Glukoz 9.01 Ultra-saf su 50 mL 

 3.00 Ultra-saf su 50 mL 

Kafein 9.71 Ultra-saf su 50 mL 

Askorbik asit 8.81 Ultra-saf su 50 mL 

Dopamin 1.53 Ultra-saf su 10 mL 

KNO3 1.01 Ultra-saf su 10 mL 

CaCl2 1.11 Ultra-saf su 10 mL 

NaSO4 1.42 Ultra-saf su 10 mL 

 0.08 BRT 10 mL 

Metformin 1.29 Metanol 10 mL 

Vidagliptin 3.03 Metanol 10 mL 

Saksagliptin 3.33 Metanol 10 mL 
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2.5. -  

 
 
2.5.1. LixMoS2 sentezi 

 
 

 interkalasyon metodu (Eda ve ark., 

2011) ile LixMoS2 . Li  interkalasyon metodu ile MoS2

  

olarak 2H-MoS2 . 

1 g kuru MoS2  

b . E

 6 M n-  ve dikkatli 

unca Ar 

. Reaksiyon sonland xMoS2 

. LixMoS2 . Daha sonra LixMoS2, 

. 

LixMoS2 konu

.  

 
 
 
2.5.2. Sistein  MoS2 sentezi 

 
 

LixMoS2 sentezlendikten sonra sistein  MoS2 nano-malzeme (Sis@MoS2) 

. Sis@MoS2 30 mL dimetilformamid bir reaksiyon 

balonuna 250 mg LixMoS2  

 

. 250 mg sistein 20 mL dimetilfo  

ve reaksiyon balonund  

 

. 2 

nano-malzemeleri ortamdan . Nano-

m
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aseton 

. Sis@MoS2

k . 

2.1. 2 nano-  

 
 

 
 

2.1. Sis@MoS2  

 
 
 
2.6.  

 
 

 

 
 
 
2.6.1.  

 
 
2.6.1.1.  

 
 

trokimyasal 

 . 

Dapagliflozinin elektrokimyasal reaksiyonu  

. 
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2.6.1.2. Diferansiyel puls voltametri 

 
 

Dapagliflozinin  DPV 

. Dapagliflozinin elektrokimyasal analizi 

in uygun  . 

Dapagliflozinin 

GK .  

 
 
 
2.6.2.  

 
 
2.6.2.1.  

 
 

 Linagliptinin 

 

 
 
 
2.6.2.2. Diferansiyel puls voltametri 
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2.7. Tez  

 
 
2.7.1.  

 
 

 cilalama 

kaba Al -

temizlenen elektrotlar ultra-

-saf su ile 5 dk ultrasonike 

edi

. H  hem de 

. 

 
 
 
2.7.2. Sis@MoS2  

 
 

Sis@MoS2 2

2, 1 mL ultra-saf suda dispers 

2 dispersi

mg/mL Sis@MoS2 dispersiyonu  ve ortam 

. 

 
 
 
2.7.3. MoS2  

 
 

MoS2 temelli 

elektrokimyasal sen  (1T-MoS2/CKE) . 1T-MoS2/CKE 

   ve toz haline  LixMoS2 
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LixMoS2 ultra-  LixMoS2 

-  ve 5000  

2 -saf su 

eklenerek 1 mg/mL konsantrasyonda olaca . MoS2 

kompozitlerinin ultra-

. D  

2 dispersiyonu otoma

 ve ortam .  

 
 
 
2.8.  

 
 
2.8.1. X-  

 
 

2H- MoS2, LixMoS2, 1T-MoS2 ve Sis@MoS2 

kompozitlerinin , maddenin -

metodu olan x- .  

 
 
 
2.8.2. Fourier d  

 
 

Sisteinin 1T-MoS2 

 spektroskopi (FTIR) . Hem 1T-MoS2 hem de 

Sis@MoS2 kompozitlerin  piklerde meydana 
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2.8.3.  elektron mikroskobu 

 
 

te veya 

-MoS2 ve Sis@MoS2 

. 

Numuneler formvar  ak analize 

.   

 
 
 
2.8.4. X-  

 
 

-MoS2 ve Sis@MoS2

- troskopi (XPS) 

. -
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3. BULGULAR 

 
 
 
3.1. Karakterizasyon  

 
 

2 kompozitlerinin 

ka . Sis@MoS2

2

elektrokimyasal karakterizasyo . 

 
 
 
3.1.1. Sis@MoS2 karakterizasyonu 

 
 

Sis@MoS2 nano-malzemesinin 

F . 

 
 
 
3.1.1.1. XRD  

 
 

 

-MoS2 xMoS2 . 

2 

 interkalasyon metodu 2

xMoS2

hareketle Sis@MoS2 r. xMoS2 

- -

MoS2

-MoS2, LixMoS2, 1T-MoS2 ve Sis@MoS2

. Maddele 1. 2.
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3.1. 2H-MoS2, LixMoS2, 1T-MoS2 ve Sis@MoS2 r  
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3.2. 2H-MoS2, LixMoS2, 1T-MoS2 ve Sis@MoS2
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3.3. 2H-MoS2 ve 1T-MoS2  
 
 

1. -MoS2 46

03-

065- yla 2 

1. Li  interkalasyon 

-MoS2 46

piki, LixMoS2 10.02

. Piklerdeki bu kaymalar, taba ds) 

  

(Acerce ve ark., 2015). . ve 3.2. -MoS2 -

MoS2 2 
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(Cheng ve ark., 2016). 3.

-MoS2 31

2H-MoS2, LixMoS2, 1T-MoS2 ve Sis@MoS2 ds 

.2.

K 2

2 

 

 
 

3.1. 2H-MoS2  

-k-l)  

(002) 14.46 

(004) 29.02 

(100) 32.77 

(102) 35.90 

(103) 39.56 

(006) 44.14 

(105) 49.79 

(110) 58.28 

(008) 60.08 

(108) 70.08 

 
 

3.2. 2H-MoS2, LixMoS2, 1T-MoS2 ve Sis@MoS2 ds 
 

Malzeme ds (nm) 

2H-MoS2 0.613 

LixMoS2 0.882 

1T-MoS2 0.619 

Sis@MoS2 0.616 
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3.1.1.2.  

 
 

-MoS2 -

MoS2 ve Sis@MoS2  4. -MoS2 ve 

Sis@MoS2

(Gao ve ark., 2013; Jia ve ark., 2017), MoS2  

4000 cm-1 pik . Sis@MoS2

2  . Yeni pikler 

. Sis@MoS2

 .3.

 

 
 

 
 

3.4. MoS2 ve Sis@MoS2  
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3.3. Sis@MoS2  
 

Dalga boyu (cm-1)  

1612 NH3 (Asimetrik ) 

1582 NH3  

1408 CH2 

1384 CO2  

1339 NH3  

1298 CH2  

1196 CH2  

1105 CH 

1045 NH3  

999 NH3  

847 C C gerilmesi 

781 CH2  

 
 
 
3.1.1.3.  incelenmesi 

 
 

1T-MoS2 ve Sis@MoS2  

5. ve 3.6.  1T-MoS2 ekil 3.7 de ise Sis@MoS2

. 

(Gao ve ark., 2013; Gao ve ark., 2019; Zhou ve ark., 2018) benzeyen tipik 

MoS2 

(Kukkar ve ark., 2016)

3.7. de 2 

-MoS2  sisteinin dahil 

1T-MoS2 ile Sis@MoS2 

ise Sis@MoS2

ds 

 sistein 
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sonucunda MoS2 -

 

 
 

 
 

3.5. 1T-MoS2  
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3.6. 5.  
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3.7. Sis@MoS2  
 
 
 
3.1.1.4. incelenmesi 

 
 

-MoS2 ve Sis@MoS2

. ve 3.9.

1T-MoS2 ., 

3.11. ve 3.12. de Sis@MoS2

4. 5.  -MoS2 ve 

Sis@MoS2
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 (Jiang ve ark., 2015; Sim 

ve ark., 2017; Wang ve ark., 2018). -12. -9.

2 

2 S:Mo atomik 

.

sisteinin d  

 
3.4. 1T-MoS2   

 Komponent (%) Enerjisi (eV) 

Mo3d 

S2s - 225.94 
Mo3d5/2 (2H) 28.73 228.92 
Mo3d5/2 (1T) 26.64 228.12 
Mo3d3/2 (2H) 19.07 232.06 
Mo3d3/2 (1T) 17.85 231.26 

MoO35/2 4.50 230.75 
MoO33/2 3.02 233.89 

S2p 

S2p3/2 (2H) 7.92 162.47 
S2p3/2 (1T) 58.74 161.77 
S2p1/2 (2H) 3.96 163.65 
S2p1/2 (1T) 29.37 162.95 

 
3.5. Sis@MoS2  S2p ve C1s 

 

 Komponent (%) Enerjisi (eV) 

Mo3d 

S2s - 225.01 
Mo3d5/2 (2H) 10.65 228.46 
Mo3d5/2 (1T) 34.59 227.66 
Mo3d3/2 (2H) 7.13 231.60 
Mo3d3/2 (1T) 23.17 230.80 

MoO35/2 14.64 232.13 
MoO33/2 9.81 235.27 

S2p 

S2p3/2 (2H) 36.80 161.22 
S2p3/2 (1T) 14.16 160.52 
S2p1/2 (2H) 18.40 162.40 
S2p1/2 (1T) 7.08 161.70 

S2p3/2 (Sistein) 15.71 162.80 
S2p1/2 (Sistein) 7.85 163.98 

C1s 

C-C, C-H 40.20 284.40 
C-S 21.63 285.55 
C-N 17.90 288.09 

O-C=O 27.27 289.28 
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3.8. 1T-MoS2 ait XPS spektrumu 
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3.9. 1T-MoS2  
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3.10. Sis@MoS2  
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3.11. Sis@MoS2  
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3.12. Sis@MoS2  

 
 
 
3.1.2. Sis@MoS2/CKE  elektrokimyasal karakterizasyonu 

 
 

2

 elektro-

 (A) ve ) hesap . Her 

3
3-/Fe(CN)6

4- . 

1 M KNO3 3[Fe(CN)6  CKE, 1T-MoS2/CKE ve 

Sis@MoS2  -0,3   10, 25, 50, 75, 100, 

. . . 15. 1 M KNO3 

mM K3[Fe(CN)6 , 1T-MoS2/CKE ve Sis@MoS2/CKE 
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3.13. 1 M KNO3 3[Fe(CN)6
 



58 
 

 
3.14. 1 M KNO3 3[Fe(CN)6 1T-MoS2/CKE 
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3.15. 1 M KNO3 3[Fe(CN)6] 2/CKE 
 

 
 

3.16. da 1 M KNO3 3[Fe(CN)6 , 1T-

MoS2/CKE ve Sis@MoS2 50 

Ep) 345  1T-MoS2/CKE 

72 mV, Sis@MoS2  ise 74 Ep 

(Rohaizad ve ark., 2017). 
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3.16. 1 M KNO3 3[Fe(CN)6 , 1T-MoS2/CKE 
ve Sis@MoS2 50 

 

 
 
 
3.1.2.1. Elektro-  

 
 

CKE, 1T-MoS2/CKE ve Sis@MoS2/CKE

elektro- . Elektro-

Randles   (3-1) (Skoog ve ark., 2009) . 

Randles   

 
 
                (3-1) 
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Ip  

A: Elektro- 2) 

D 2/s) 

c:  Konsantrasyon (mol/cm3) 

v  

n  
 
 

 

 
 

Fe(CN)3
3-/Fe(CN)6

4- redoks sistemi  D = 7.

10-6 cm2/s ve n 3 3[Fe(CN)6] 

 

 (Ipa), v

3.17.  

 (3-  

 
 
Ipa 3093 v  (mV /s ) + 2.2521 (R2 =0.9928)             (3-2) 

 
 

-  

konarak A 32 mm2 . 
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3.17. 1 M KNO3 3[Fe(CN)6
Ipa  v   

 
 

1 M KNO3 3[Fe(CN)6 -MoS2/CKE 

 Ipa v  

 18.

-  

 
 
Ipa 1043 v  (mV /s ) + 0.4234 (R2 =0.9998)             (3-3) 

 
 

1T-MoS2/CKE -  Sevcik 

A .71 mm2 . 
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3.18. 1 M KNO3 3[Fe(CN)6  1T-MoS2/CKE 

e Ipa  v  
 

 
 

1 M KNO3 3[Fe(CN)6 MoS2/CKE 

Ipa v  

3.19. da 

3-4  

 
 
Ipa 1.3153 v  (mV /s ) + 1.3576 (R2 =0.9986)             (3-4) 

 
 

Sis@MoS2/CKE -3 t  Sevcik 

A 6.46 mm2 olarak hes . 
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3.19. 1 M KNO3 3[Fe(CN)6
Sis@MoS2  

ait Ipa  v   
 
 

-MoS2 ile modifiye edilmesi A 

2 ile modifiye edilmesi 4.  

 
 
 
3.1.2.2. Heterojen elektron transfer  

 
 

Sis@MoS2  i Nicholson metodu (Nicholson ve Shain, 1964) 

.  

 

                  (3-5) 

 

: Kinetik parametre 

F: Faraday sabiti 

R: Gaz sabiti 
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T  

 

 
 

Fe(CN)3
3-/Fe(CN)6

4- 

ik 3-5  ve Sis@MoS2   1.2 -2 

cm/s olarak . 2

6.  CKE, 1T-MoS2/CKE ve 

Sis@MoS2  

 

 
 

3.6. CKE ve Sis@MoS2/CKE'a ait elektrokimyasal karakterizasyon 
parametreleri 

 Ep* (mV) A (mm2) 

CKE 345 1.32 

1T-MoS2/CKE 72 4.71 

Sis@MoS2/CKE 74 6.46 
*(v = 50 mV/s) 

 
 
 
3.2. Analitik  

 
 

rokimyasal 

. 

yapay plazmadan tayini 

.  
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3.2.1. Dapagliflozin  

 
 
3.2.1.1.  

 
 

0.25 M pH: 2.0 

-MoS2/CKE ve Sis@MoS2 . 

o .0  1.6 V potansiyel 

. Daha s

.8  1.

. 3.20.

. zeyinde, 1386 mV potansiyelde 0.27 

 3.7. de 1T-MoS2/CKE ve 

Sis@MoS2 -

MoS2 Epa 1329 mV  kayarken Ipa 

0. Epa = 1369 mV ve 

Ipa = 1. la, hem 1T-MoS2 hem de 

Sis@MoS2 Ipa 

. Sis@MoS2/CKE, 1T-MoS2 Ipa 

-MoS2

Sis@MoS2

2/CKE il . 
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il 3.20. 0.25 M pH: 2.0 M dapagliflozinin CKE, 1T-
MoS2/CKE ve Sis@MoS2 diferansiyel 

puls  (            0.25 M pH: 2.0 2/CKE 
 

 
 

3.7. -MoS2 ve Sis@MoS2 ile modifikasyonunun 
dapagliflozinin elektrokimyasal sinyali  etkileri (N = 3) 

 Epa  
(mV) 

Elektrokatalitik etki 
(mV) 

Ipa  Ipa  
 

CKE 1386 - 0.27 - 

1T-MoS2/CKE 1329 +57 0.84 3.1 

Sis@MoS2/CKE 1369 +17 1.09 4.1 
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3.2.1.2. voltametrik  

 
 

 

. E  ve 

 

 
 
 
3.2.1.2.1. nin nin etkisinin incelenmesi 

 
 

 

. 

dapagliflozinin pH: 2.0  9.0 .  puls 

. He

. 21. e 25 M BRT 

 3.22. e 

zinin Ipa 

 

 pH: 2 . 

.0 olarak  ve 

arak 0.25 M pH: 2.0 . 
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3.21. 
dapagliflozinin  

 
 



70 
 

 
 

3.22. M dapagliflozinin 
Ipa N = 3) 

 
 
 
3.2.1.2.2.  

 
 

2

arama . Bu 

 0.25 M pH: 2.0  1.6 V potansiyel 

. He

.  3.23.

 

 24.). Grafikten elde edilen regresyon denklemi ve korelasyon 

 

 
 
log Ipa = 0.5167 log v (mV/s)  6.9057 ( .9998)             (3-6) 
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D .

 

 
 

 
 

3.23. 0.25 M pH: 2.0 M dapagliflozinin Sis@MoS2/CKE 
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3.24. 0,25 M pH: 2.0 M dapagliflozinin tarama 
 (N = 

3) 
 
 

23.

Epa . Bu pozitif kayma dapagliflozinin 

(Laviron, 1974) 

akta . 

 

 
 

               (3-7) 
 
 

: Formal redoks potansiyeli 

Epa: Anodik pik potansiyeli 

n  

 

v  

R: Gaz sabiti 



73 
 

T  

F: Faraday sabiti 

 
 

Epa 

 olarak 25. Epa 

tir.  

 
 
Epa (V) = 0.0172 ln v + 1.2909 (R2 = 0.996)               (3-8) 

 
 

ktron s

. 

 
 

 
 

3.25. 0.25 M pH: 2.0 
N = 3) 
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3.2.1.3.  

 
 

 

r. Bu sebeple dapagliflozin an . 

ey 8. e g

 

 
 

3.8. Da
parametreler 

Parametre  

 0.025 

 0.05 

Basamak potansiyeli (V) 0.005 

 0.05 

 
 
 

2  

 .0  58. .5  108.

. 

. Elde edilen 

 

 
 
Ipa 0116 C + 0.2363 (R2 = 0.9936)               (3-9) 
 
 
Ipa 0053 C + 0.5836 (R2 = 0.9919)             (3-10) 

 
 

Dapagliflozinin Sis@MoS2   ile analizi sonucu 

elde edilen voltamogramlar ve kalibrasyon  . 

3.27.  
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3.26. 0.25 M pH: 2.0 2.0, 11.9, 21.6, 31.1, 40.4, 49.5, 47.5, 
67.3 75.9, 84.4, 92.7, 100.9 ve 108.9 M dapagliflozinin Sis@MoS2/CKE 

 (            
0.25 M pH: 2.0 2

diferansiyel puls  
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3.27. Ipa erinin 
N = 3) 

 
 

GS 

; 

 
 

 
 
 

SS m ifade 

etmektedir. GS ve TAS, 3-9 numaral . 

Denklemde SS 

(Skoog ve ark., 2009) . 

5.3 9.  

Sis@MoS2
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3.9. Dapagliflozinin Sis@MoS2/CKE ile elektrokimyasal analizi ile elde 
edilen analitik parametreler 

Parametre Sis@MoS2/CKE 

 1369 

 2.0  58.5 58.5  108.9 

 0.0116 0.0053 

 0.2363  
2) 0.9936 0.9919 

 1.6  

 5.3  

 
 
 
3.2.1.4.  

 
 

3, CaCl2 

ve Na2SO4 Ipa 

Ipa 

sadece dapagliflozine ait Ipa 

ve ortalama ) %6. .  

3.28.

diferansiyel puls volta 28.  

maddeler dapagliflozinin Epa 

 3.10.  

Ipa  ve Epa 

2/CKE  
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3.28. (a) 0.25 M pH: 2.0 M dapagliflozinin 
Sis@MoS2 diferansiyel puls 

25 M pH:2.0 M dapagliflozinin 10 mM 
3, CaCl2 ve Na2SO4 

 
 
 

3.10. Ipa ve Epa 
 (N = 3) 

  Ipa  Epa (mV) Ipa (%) 

Dapagliflozin - 1.1048 1328 

6.01 

Dapagliflozin 

Glikoz 

1.0384 1369 

 
Askorbik asit 

KNO3 
CaCl2 

Na2SO4 
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3.2.1.5. Tekrarlanabilirlik  

 
 

25 M pH: 2.0 BRT  defa 

 ve tekrarlanabilirlik Ipa 

s

; 

 
 

 

 
 

SS, Ipa Xort ise Ipa 

ifade etmektedir.  86 olarak 

.  

 
 
 
3.2.1.6.  

 
 

.25 M pH: 2.0 dapagliflozin alt

 Ipa erlerinin 

. Her bir  ve %BSS 

Ipa . 

sonucunda %B .  

 
 
 
3.2.1.7.  
 
 

yerel bir eczaneden tedarik edilen Forziga  

tabletlerin dapag
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r 25 M pH: 

2.0  ve DPV . Tabletlerden 

29.   

Elde edilen Ipa  

yeri  ltinin konsantrasyonu 

. Her bir tablet  ve 

hesaplamalarda ortalama Ipa . Dapagliflozinin tabletlerden 

ortalama GK %99.  1. izelge 3.11.

 

 
 

 
 

3.29. M dapagliflozinin Sis@MoS2/CKE 
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3.11. 
 (N = 3) 

Tablet Etiketteki miktar (mg) Bulunan miktar (mg) GK (%) 

1 10 9.997 99.97 

2 10 9.928 99.28 

3 10 10.198 101.98 

4 10 9.803 98.03 

5 10 10.062 100.62 

Ortalama  99.97 

Standart sapma  1.32 

 
 
 
3.2.2.  

 
 
3.2.2.1.  

 
 

0.25 M pH: 7.0 

CKE, 1T-MoS2/CKE ve Sis@MoS2  olarak 

 1.

. Daha sonra DP

 1.

3.30.  

mV potansiyelde 0.64 

12. e 1T-MoS2/CKE ve 

Sis@MoS2  -

MoS2 Epa 985 mV  kayarken Ipa 42 

Epa = 982 mV ve Ipa = 

2.07  -MoS2 hem de Sis@MoS2

Ipa . So

Sis@MoS2/CKE il . 
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3.30. 0.25 M pH: 7.0 M linagliptinin CKE, 1T-
MoS2/CKE ve Sis@MoS2 diferansiyel 

 (            0.25 M pH: 7.0 2/CKE 
   

 
 

3.12. -MoS2 ve Sis@MoS2 ile modifikasyonunun 
linagliptin  (N = 3) 

 Epa (mV) Elektrokatalitik 
etki (mV) 

Ipa  Ipa 
 

CKE 1007 - 0.64 - 

1T-MoS2/CKE 985 +22 1.42 2.2 

Sis@MoS2/CKE 982 +25 2.07 3.2 
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3.2.2.2.  

 
 

 

. Elektroli  ve 

 

 
 
 
3.2.2.2.1.  

 
 

 

pH 

.0  10 25 

 31.

32. d  

linagliptinin Ipa n pH: 

7  liptinin voltametrik cevab

 

elektroanalitik cevap pH: 7  il

um pH de .0  

arak 0.25 M pH: 7.0 . 
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3.31. linagliptinin 
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3.32. M linagliptinin Ipa 
N = 3) 

 
 
 
3.2.2.2.2.  

 
 

Linagliptinin elektrokimyasal 2

 . Bu 

25 M pH: 7.0  1,5 V potansiyel 

 

. He

. Eld 33.

 34.). Grafikten elde edilen regresyon denklemi ve korelasyon 

 

 
 
log Ipa = 0.3055 log v (mV/s)  0.0491 ( .9906)           (3-11) 
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D 3055 olara  

linagliptin

 

 
 

 
 

3.33. 0.25 M pH: 7.0 M linagliptinin Sis@MoS2/CKE 
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ekil 3.34. 0.25 M pH: 7.0 M linagliptinin 
N = 3) 

 
 

33. linagliptinin 

Epa  . Bu pozitif kayma linagliptinin 

(Laviron, 1974) linagliptinin 

akta

 

 

               (3-7) 
 

: Formal redoks potansiyeli 

Epa: Anodik pik potansiyeli 

n  

 

v  

R: Gaz sabiti 

T  

F: Faraday sabiti 
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Epa 

35.

Epa tir

 

 
 
Epa (V) = 0.0175 ln v + 1.0664 (R2 = 0.9911)            (3-12) 

 
 

linagliptinin elektrokimyasal 

. 

 
 

 
 

3.35. 0.25 M pH: 7.0 linagliptinin 
N = 3) 
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3.2.2.3.  

 
 

pH optimizasyonu linagliptin 

 linagliptinin 

r. 

Bu sebeple linagliptin ana eyen 

13.  

 
 

3.13.  
parametreler 

Parametre  

 0.025 

 0.05 

Basamak potansiyeli (V) 0.005 

 0.05 

 
 

linagliptinin Sis@MoS2  ile 

.0  75.0 75.0  153.4 

. Elde edilen regresyon 

 

 
 
Ipa 0215 C + 0.12 (R2 = 0.9907)             (3-13) 
 
 
Ipa 0087 C + 1.05 (R2 = 0.9911)             (3-14) 

 
 

Linagliptinin Sis@MoS2   ile analizi sonucu elde 

edilen voltamogramlar ve kalib yla . 37. e 
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3.36. 0.25 M pH: 7.0 1.0, 6.0, 10.9, 15.8, 20.6, 25.4, 30.1, 39.4, 
48.6, 57.5, 66.4, 75.0, 83.5, 91.5, 100.0, 108.0, 115.9, 123.7, 131.3, 138.8, 146.2 ve 

153.4 M linagliptinin Sis@MoS2
 (         0.25 M pH: 7.0 2
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3.37. Linagliptin Ipa 
N = 3) 

 
 

GS ve tay

; 

 
 

 
 
 

SS m ifade 

etmektedir. GS ve TAS, 3-13 

DPV ile analiz 

 ve Ipa SS 

TAS ise 0.65 .14. linagliptinin 

ile Sis@MoS2
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3.14. Linagliptinin Sis@MoS2/CKE ile elektrokimyasal analizi ile elde edilen 
analitik parametreler 

Parametre Sis@MoS2/CKE 

 982 

 1.0  75.0 75.0  153,4 

 0.0215 0.0087 

 0.12  
2) 0.9907 0.9911 

 0.19  

M 0.65  

 
 
 
3.2.2.4.  

 
 

Ipa erindeki d

15. Ipa 

ve Epa  3.15.

Ipa Ipa 

ku 56 z

3.38. e linagliptin

. 40.  

Ipa ve Epa ri 

40.  , linagliptinin Epa 

 

2/CKE  

linaglipti o  
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3.15. Ipa ve Epa 
 (N =:3) 

Analit  C  
 

Ipa 
 

Epa 
(mV) 

Ipa 
(%) 

Epa 
(mV) 

 
- - 0.1673 1030   

Glikoz 500 0.1673 1041 0 11 

Askorbik asit 500 0.1701 1049 1.70 19 

 500 0.1621 1042 3.10 12 

Kafein 500 0.1643 1034 1.79 4 

 50 0.1657 1042 0.94 12 

Dopamin 50 0.1655 1052 1.07 22 

Metformin 50 0.1721 1025 2.88 5 

Vildagliptin 50 0.1613 1035 3.56 5 

Saksagliptin 50 0.1656 1042 1.03 12 

 

 
 

3.38. 0.25 M pH: 7.0 
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3.39. Ipa  
 
 

 
 

3.40. Epa  
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3.2.2.5.  

 
 

25 M pH: 7.0 analiz 

 Ipa in %BSS 

; 

 
 

 

 
 

SS, Ipa Xort ise Ipa 

.  

 
 
 
3.2.2.6.  

 
 

25 M pH: 7.0 

 Ipa erlerinin %BSS 

. He  

Ipa 

72 olarak hesap .  

 
 
 
3.2.2.7.  
 
 

analiz . Hesaplamalar kalibrasyon 

r a 

. Plazma numunele
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3.41. Ipa 

hesapl . Her bir numun  ve hesaplamalarda 

ortalama Ipa . Linagliptinin plazma numunelerinden ortalama GK 

%100. .17 o 16.  

 

 
 

 
 

3.41. 25  Sis@MoS2/CKE 
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3.16. Linagliptinin plazma 
numunelerinden  (N = 3) 

Numune Eklenen miktar ) Bulunan miktar ( ) GK (%) 

1 25 25.40 101.60 

2 25 24.61 98.46 

3 25 25.15 100.58 

4 25 24.96 99.84 

5 25 25.17 100.67 

Ortalama   100.23 

Standart sapma   1.17 
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4.  

 
 
 

-MoS2  -MoS2 

-MoS2 

-MoS2 nano-

sentezlenen malzemenin (Sis@MoS2

2  

 
 

Li  interkalasyon 2 

LixMoS2 2H-

MoS2 613 nm iken LixMoS2

mesafe 0. 2H-MoS2  interkalasyon 

2  

 
 

Sis@MoS2, XPS MoS2  5 olarak 

2

iletkenl  

 
 

2 

ba Sis@MoS2 

2.5 O

2 
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Sisteinin MoS2 

MoS2 2

FTIR spektrumunda  

pikler, sisteinin MoS2  3.

 

 
 

Sentezlenen 1T-MoS2 ve Sis@MoS2

2 .7.), 1T-MoS2

3.5. ve 3.6. D SH 

2

kend -

 

 
 

2 

2 . Randles  

-aktif 6.46 mm2 . 

Sis@Mos2 - un elektro-  9 

, 1T-MoS2 - ise 1. . . ve 

6.  3 3[Fe(CN)6

Sis@MoS2

 daha iyi 

Sis@MoS2   

i . Sis@MoS2  i 1.2 -2 olarak . 

  

2 apasitesine 

1. 2

2  
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4.1. 2  ait   

  Kaynak 

Sis@MoS2 1.2 -2  

Eks-MoS2 2. -3 (Chia ve ark., 2015a) 

Y-Eks-MoS2 9. -4 (Chia ve ark., 2015a) 

MoS2 2. -3 (Chia ve ark., 2014) 

Y-MoS2 2. -4 (Chia ve ark., 2014) 

-MoS2 3.  10-3 (Chia ve ark., 2014) 

Eks-MoS2 2. -4 (Chia ve ark., 2014) 

Y-Eks-MoS2 2. -4 (Chia ve ark., 2014) 

-Eks-MoS2 2. -4 (Chia ve ark., 2014) 

MoS2 2. -5  

  
 
 

. i, ilk elektrokimyasal 

 0.25 M pH: 2.0  

 ve en iyi performans Sis@MoS2 3.7.). 

Dapagliflozinin Sis@MoS2

 Ipa   

3.21.). 

Sis@MoS2

, tara

dapagliflozinin elektro-

. 
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reaksiyon tipi be

2 .0   108.9 

 6 

 lge 4.2.

 2.

 

 
 

4.2. 
 

   Kaynak 

Spektrofotometri 6.114  122.279 1.64 (Lotfy ve ark., 2019) 

Spektroflorimetri 0.122  0.244 0.035 (Omar ve ark., 2019a) 

SK-KS/KS 0.012  1.223 0.012 (El-Zaher ve ark., 2019) 

YBSK 4.891  48.912 1.44 (Nasser ve ark., 2018) 
* 1  10 0.314 (Nasser ve ark., 2018) 

UBSK 6.114  36.684 0.07 (Reddy ve Sankar, 2019) 

DPV 2.0  108.9 1.6  

 
 

2  dapagliflozine 

 dapagliflozin onsantrasyonda 
+, Ca2+, Na+, NO3

-, Cl- ve SO4
2- 

S 2

tayin 

sap
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71 olarak 

. S

dapagliflozinin Sis@MoS2 rtalama geri 

%99.  1.  Elde edilen veriler, 

Sis@MoS2

 

 
 

Linagliptin 25 M pH: 

7.0 

Sis@MoS2 12.). Linagliptinin Sis@MoS2/CKE ile 

Ipa 7.0 31.). Linagliptin

2

linagliptinin elektro-

Linagliptin 

 

 
 

2 .0  75.0 .0  

o 3.

3.
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4.3. 
 

   Kaynak 

TF-YBSK 0.36  3.6 0.12 (Salapaka ve ark., 2019) 

Spektroflorimetri 0.002  0.2 0.0013 (Aref ve ark., 2020) 

Spektrofotometri 5.3  63.5 1.33 (Amin ve ark., 2019) 

KDV 39.8  1530.0 11.3 (Rizk ve ark., 2020) 

KDV 0.5  11.0 0.21 (Naggar ve ark., 2020) 

DPV 1.0  153,4 0.19  

 
Sis@MoS2

linagliptin 

askorbik asit, 

metformin, vildagliptin ve saksagliptin en fazla 

%3.56 olarak . S

Sis@MoS2 linagliptini ve tedavide 

linagliptine 

tekrarla linagliptin 

42 

linagliptin

72 olarak 

S linagliptinin 

tekrarlanabi

linagliptinin Sis@MoS2/CKE ile alama 

.  1.17 

Sis@MoS2 linagliptini 
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eden yeni nesil 

ktrokimyasal olarak 

2 kombinasyonu bir nano-

-

2 

ve 
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5.  

 
 
 

2 

 

 
 

2 

MoS2 -

MoS2 -malzemenin 

(Sis@MoS2 - , x-

fotoelektron spektroskopi, Fourier  ve 

elektron mikroskopik 

yi 1T-MoS2 ve Sis@MoS2 

1T-MoS2/CKE ve Sis@MoS2/CKE) 

 -

2/CKE elektro- -MoS2/CKE 

elektro- 2/CKE 

elektro- 2 temelli 

-

ge -

 

 
 

-MoS2/CKE ve 

Sis@MoS2 2/CKE 

 Robinson 

2/CKE ile 

.0 

Dapagliflozinin Sis@MoS2 f
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2/CKE 

.0  58. .5  108.

. . 

 
 

-MoS2/CKE ve 

Sis@MoS2 2/CKE 

2

pH: 7.0 2

reaksiyonun d

2/CKE 

.0  75.0 .0  

 

linagliptinin elektrokimyasal analizi i  

 
 

 

 
 

yeni nesil a

2 , sodyum glukoz kotransporter 2 

 ve dipetidil peptidaz 4  
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2 Temelli Elektrokimyasal 

 

 

Tez   sodyum glukoz kotransporter 2 
 ve  grubundan 

2 
 2 (1T-MoS2

sentezlenen 1T-MoS2 -malzeme 
(Sis@MoS2),  x- , x- skopi, Fourier 

 ve   
2 ile modifiye edilerek tez 

2/CKE)  
 

Dapagliflozinin Sis@MoS2

Sis@MoS2/CKE, dapagliflozinin elektro- sek elektrokatalitik aktivite 
2/CKE, dapagliflozin .0  58. .5  108.  olmak 

6   
 

Linagliptinin Sis@MoS2 i DV ve DPV 
2/CKE, linagliptinin elektro-

s 2/CKE, linagliptin 
1.0  75.0 75.0 15344   19  

 
 

 

 
 

Sistein,   
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SUMMARY 
 
 
 
Development of MoS2 based Electrochemical Sensors for the Determination of Some 

Antidiabetic Active Drug Substances 

 

In the thesis study, MoS2 based electrochemical sensor was designed for the analysis of 
dapagliflozin, a sodium glucose cotransporter 2 inhibitor, and linagliptin, a dipeptidyl 
peptidase 4 inhibitor, used for the treatment of type 2 diabetes, from real samples. Metallic 
phase MoS2 (1T-MoS2) was synthesized by Li - intercalation method, and cysteine, an amino 
acid, was attached to the 1T-MoS2. The obtained nano-material (Cys@MoS2) was 
characterized using x-ray diffraction spectroscopy, x-ray photoelectron spectroscopy, Fourier 
transform infrared spectroscopy and transmission electron microscopy methods. Glassy 
carbon electrode (GCE) surfaces were modified with Cys@MoS2 and the electrochemical 
sensor (Cys@MoS2/GCE) was produced within the scope of the thesis. 
 

Electrochemical analysis of dapagliflozin on the Cys@MoS2/GCE surface was 
performed using cyclic voltammetry (CV) and differential pulse voltammetry (DPV) methods. 
Cys@MoS2/GCE exhibited high electrocatalytic activity towards the electro-oxidation of 
dapagliflozin. Cys@MoS2/GCE exhibited two linear working ranges for dapagliflozin 
determination in the concentration ranges of 2.0 - - with a 
limit of detection (LOD). 
 

Electrochemical analysis of linagliptin on the Cys@MoS2/GCE surface was performed 
using CV and DPV methods. Cys@MoS2/GCE exhibited high electrocatalytic activity towards 
the electro-oxidation of linagliptin. Cys@MoS2/GCE exhibited two linear working ranges for 
linagliptin determination in the concentration ranges of 1.0  75.0 .0  153.4 
with a 0.19 LOD. 
 

In order to investigate the applicability of the electrochemical sensor we have produced, 
dapagliflozin content of tablet forms and linagliptin content of plasma samples were analysed, 
and the results showed that the developed sensor could be an alternative way for the analysis 
of both active substances from real samples. 
 

Keywords: Cysteine, Dapagliflozin, Electrochemical sensor, Linagliptin, Molybdenum 
disulfide. 
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