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    Figure 4.31 Band structure of CoO in CsCl with (from left to right) GGA , LDA and 
                        W-Cohen methods respectively. 
                         
  
 
 
 
4.3.3 Phase transition pressure for CoO compound 

 

The same way which was done for the transition under high pressure for CdO 

compound we did for CoO compound. 

 

Figure 4.32 shows the EO'S for both RS & CsCl structures using GGA method. 

The  transition pressure was found to be 126.78 Gpa. 
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Figure 4.32 Equations of state for CoO in RS and CsCl structures  by GGA method. 

 
 

Figure 4.33 shows the EO'S for both RS & CsCl structures using LDA method. 

The  transition pressure was found to be 104.206 Gpa . 

 
Figure 4.33 Equations of state for CoO in RS and CsCl structures  by LDA method. 
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Figure 4.34 shows the EO'S for both RS & CsCl structures using W-Cohen 

method. The  transition pressure was found to be 160.014 Gpa . 

 
Figure 4.34 Equations of state for CoO in RS and CsCl structures  by W-Cohen method. 

 
 

Figure 4.35 shows the EO'S for both ZB & CsCl structures using GGA method. 

The  transition pressure was found to be 35.35 Gpa . 
 

 
Figure 4.35 Equations of state for CoO in ZB and CsCl structures  by GGA method. 
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Figure 4.36 shows the EO'S for both ZB & CsCl structures using LDA method. 

The  transition pressure was found to be 37.66 Gpa . 

 
Figure 4.36 Equations of state for CoO in ZB and CsCl structures  by LDA method. 

 
 

Figure 4.37 shows the EO'S for both ZB & CsCl structures using W-Cohen 

method. The  transition pressure was found to be 38.68 Gpa . 

 
Figure 4.37 Equations of state for CoO in ZB and CsCl structures  by W-Cohen method. 
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Figure 4.38 shows the EO'S for both RS & ZB structures using GGA method. 

The  transition pressure was found to be 18.44 Gpa . 

 
Figure 4.38 Equations of state for CoO in ZB and RS structures  by GGA method. 

 
 

Figure 4.39 shows the EO'S for both RS & ZB structures using LDA method. 

The  transition pressure was found to be 16.54 Gpa . 

 
 

Figure 4.39 Equations of state for CoO in ZB and RS structures  by LDA method. 
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Figure 4.40 shows the EO'S for both RS & ZB structures using W-Cohen 

method. The  transition pressure was found to be 17.03 Gpa . 

 
 

Figure 4.40 Equations of state for CoO in ZB and RS structures  by W-Cohen method. 
 

Figures 4.41, 4.42 and 4.43 show the four structures together on laid on one 

graph using LDA, GGA and W-Cohen methods . These graphs also show ZB 

structure is the ground state for CoO compound. 

 
 

Figure 4.41 Equations of state for CoO in RS, CsCl and ZB  structures  by GGA method. 
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  Figure 4.42 Equations of state for CoO in RS, CsCl and ZB  structures  by LDA method. 

 

 
 

 
 

 Figure 4.43 Equations of state for CoO in RS, CsCl and ZB  structures  by W-Cohen method.          
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Table 4.21 shows the value of the transition pressure between the phases of CoO 

compound.  

 

 

         Table 4.21 Transition pressure between the structures of CoO. 

present calculations 
Studied 

parameter Transition 
W-Cohen GGA LDA   

160.014 126.78104.206Pt(Gpa) RS-CsCl 
38.68 35.3537.66Pt(Gpa) ZB-CsCl 
17.03 18.4416.54Pt(Gpa) ZB-RS 
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Chapter Five 

 
Conclusions 

 
5.1 Introduction 
 
In this thesis, the Full-Potential Augmented plane Wave (FP-LAPW) approach 

with LDA, GGA and W-Cohen methods  is used to investigate the structural 

properties and  stability of the WZ, ZB, CsCl and RS structures for CdO 

compound, and ZB, RS and CsCl phases for CoO compound, This method is 

also used to calculate the equation of state (EOS’s) of  (WZ), (ZB), (RS), and 

(CsCl) structures for both CdO and CoO compounds. From these (EOS’s) the 

lattice parameter a, the bulk modulus B, the pressure derivative B', the 

equilibrium volume of the crystal V0 and the transition pressure Pt have been 

investigated. Also the energy band gaps were calculated using the same method 

for all structures mentioned above. The main results and conclusion of this study 

can be summarized as follows: 

 

5.2 Structural parameters for CdO and CoO compounds 

The calculations of structural parameters (a, B, B`) and the minimum energy E 

using FP-LAPW approach with LDA, GGA and W-Cohen methods for CdO and 

CoO are found to be in good agreement with the available theoretical 

[12,48,51,52,54] and experimental [14,49,53,55] results. Tables 4.1, 4.2, 4.3 and 

4.10 show these results of CdO compound for RS, CsCl, ZB and WZ phases 

respectively in GGA, LDA and W-Cohen approximations, while tables 4.17, 

4.18 and 4.19 show these results of CoO compound, for RS, CsCl and ZB 

phases respectively.   
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5.3 The energy band gaps for CdO and CoO compounds 

 

The studying of band structures and calculating the energy band gaps are very 

important for any material to determine whether this material is metal, 

semiconductor or insulator. The calculations of the energy band gaps are found 

to be in good agreement with the available theoretical results 

 

5.3.1 The energy band gaps for CdO compound 

 

The energy band gaps for CdO in RS structure with GGA, LDA, W-Cohen 

methods are found to be - 0.50047eV, - 0.44788 eV, - 0.52308 eV  respectively, 

and for CdO in CsCl structure with GGA, LDA, W-Cohen are found to be          

-1.03891 eV , -1.28324 eV ,-1.18536 eV respectively, but for CdO in ZB 

structure with GGA, LDA, W-Cohen are found to be almost zero eV for all 

phases. Finally for CdO in WZ structure with GGA, LDA, W-Cohen are found 

to be  zero eV, but the other calculations are 0.66 eV[12] Table 4.11 shows these 

results. 

          

5.3.2 Calculations of energy band gaps for CoO compound 

 The band gaps for CoO in RS structure with GGA, LDA, W-Cohen are found to 

be 0.01122 eV, 0.42596 eV, 0.14552 eV  respectively, and for CoO in CsCl 

structure with GGA, LDA, W-Cohen are found to be 0.77975 eV , 1.0956 eV , 

0.76518 ev respectively. Finally for CoO in ZB structure with GGA, LDA, W-

Cohen are found to be - 0.54942 eV , - 0.17252 eV, -0.50409 eV respectively, 

but the other calculation is 2.5 eV [52]. Table 4.20 shows these results.  
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5.4 Transition pressure for CdO and CoO compounds 

 

The lattice parameters should change from a structure to another under certain 

pressure which is called transition pressure . We found the value of this pressure 

from the slope of the graph energy versus volume for the two phases.  
 

5.4.1 Transition pressure for CdO compound 

 

The transition pressure for CdO compound occurs from RS to CsCl, WZ to 

CsCl, WZ to RS , ZB to CsCl, ZB to RS structure. The transition pressure from 

RS to CsCl  was found 51.5 Gpa by GGA method, 72.57 Gpa by LDA method 

and 78.82 Gpa by W-Cohen method, but the transition pressure  from WZ to 

CsCl was found 12.46 Gpa by GGA,13.74 Gpa by LDA,15.87 Gpa by W-

Cohen, and  the transition pressure  from WZ to RS was found 3.7 Gpa by 

GGA,6.2 Gpa by LDA,  the transition pressure also  from ZB to CsCl was found 

6.84 Gpa by GGA ,2.5 Gpa by LDA,5.67 Gpa by W-Cohen. Finally the 

transition pressure  from ZB to RS was found 7.7 Gpa by GGA,1.85 Gpa by 

LDA, and no transition pressure from ZB to WZ structure. Table 4.12  Shows 

these results.  
                         
5.4.2 Transition pressure for CoO compound 

 

The transition pressure for CoO compound occurs from RS to CsCl,  ZB to RS 

and from ZB to CsCl structure. The transition pressure from RS to CsCl  was 

found to 126.78 Gpa by GGA method, 104.206 Gpa by LDA method and  

160.014 Gpa by W-Cohen method, but the transition pressure  from ZB to RS 

was found 18.44 Gpa by GGA,16.54 Gpa by LDA,17.03 Gpa by W-Cohen. The 

transition pressure from ZB to CsCl was found to 35.35 Gpa by GGA method, 
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37.66 Gpa by LDA method, and 38.68 Gpa by W-Cohen method. Table 4.21 

shows these results. 
                        

5.5 Ground state for CdO and CoO compounds 

 

5.5.1 Ground state for CdO compound 

 

The ground state for the CdO compound is RS structure. Tables 4.1, 4.2, 4.3 and 

4.10 tables show the minimum energy for the structures of CdO compound. E is 

-11342.56863 Ry , -11342.56546 Ry , -11342.50854 Ry,  -11342.6 Ry  for RS , ZB , 

CsCl and W respectively by GGA approximations. The ground state for the CdO 

compound is RS structure. 

 

5.5.2 Ground state for CoO compound 

 

The ground state for CoO compound is ZB structure, tables 4.17, 4.18 and 4.19 

show the minimum energy for the structures of CoO compound, E is 

 -2937.373399 Ry , -2937.401025 Ry, -2937.313853 Ry   for RS , ZB and CsCl 

respectively by GGA approximations. The ground state for the CoO compound 

is ZB structure. 

 

5.6 Nature of CdO and CoO compounds 

 

5.6.1 Nature of CdO compound 

 

CdO compound behaves as a negative energy band gaps in RS and CsCl 

structures. Table 4.11 shows the energy band gaps for these structures. For RS 

the  energy band gap is about - 0.500, - 0.448, - 0.523 eV by GGA, LDA and W-



 
  

72

Cohen approximations respectively. For CsCl the  energy band gap is ab -1.039, 

-1.283, -1.185 eV by GGA, LDA and W-Cohen approximations respectively. 

CdO compound behaves as semimetal  in its structures ZB and WZ. For ZB the  

energy band gap is about 0.175, 0.127, 0.189 eV by GGA, LDA and W-Cohen 

approximations respectively. While for WZ the energy band gap is about 0.137, 

0139, 0.114 eV by GGA, LDA and W-Cohen approximations respectively, since 

this compound behaves as semimetal in RS, CsCl, ZB and WZ structures. 

   

5.6.2 Nature of CoO compound 

 

Table 4.20 shows the energy band gaps of CoO compound for its phases. For ZB 

the  energy band gap is about - 0.549, - 0.173, - 0.504 eV by GGA, LDA and W-

Cohen approximations respectively. CoO compound behaves as semimetal in 

CsCl structure because the  energy band gap is about 0.779, 1.096, 0.765 eV by 

GGA, LDA and W-Cohen approximations respectively. While for RS structure 

the  energy band gap is about 0.011, 0.426, 0.146 eV by GGA, LDA and W-

Cohen approximations respectively, which means that this compound behaves as 

semimetal in RS, CsCl, and ZB structures. 
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أ 

 جامعه النجاح الوطنية

 كليه الدراســـات العليا
 

  

للخصائص الالكترونية و انتقالات الحالة التركيبية     FP-LAPW  اتحساب

 CdOو   CoO  لمركبات

  

  

  إعداد

 كمال فلاح ناجي مصطفى

  

  إشراف

  رمحمد أبو جعف. د

  

  

 ذه الاطروحه استكمالا لمتطلبات درجه الماجستير في الفيزياء بكلية الدراساتقدمت ه  

                              . في جامعه النجاح الوطنية في نابلس، فلسطين االعلي
2009  



 
  

ب

   لمركباتية للخصائص الالكترونية و انتقالات الحالة التركيب   FP-LAPWحسابات  

CoO  وCdO   
  إعداد 

  لاح ناجي مصطفىكمال ف

  إشراف

 رمحمد أبو جعف. د

 الملخص
تناول هذه الأطروحة دراسة بعض أكاسيد العناصر الانتقالية لما لها من أهمية كبيرة و بخاصـة فـي   ت

 هما أكسيد الكادميوم, حيث تناولنا دراسة مركبين من هذه الأكاسيد , المجالين الالكتروني و الصناعي

(CdO)   و أكسيد الكوبالت(CoO) , و , فقمنا بدراسة الخصائص البنيوية و البلورية لهذين المـركبين

إيجاد طاقة الفجوة التي , حساب مستويات الطاقة, دراسة التركيب الالكتروني, من أهم هذه الخصائص 

هناك طرق و أسـاليب كثيـرة   ).شبه موصل أو عازل, موصل( من شأنها أن تحدد موصلية المركب 

-FP(لكنا اعتمدنا في دراستنا هذه أسـلوب خـاص يسـمى    , هذه المركباتاستخدمت في دراسة مثل 

LAPW (و الذي يعمل ضمن برنامج حاسوبي يسمى)WIEN2K ( الذي يمكننا من استخدام أكثر من

الجدير ذكره أن دراسة مثل هذه المركبات . (W-Cohen)و , (LDA) , (GGA)أسلوب تقريبي مثل 

و , المحافظة على الوقت و المال: ليا أو تجريبيا لعدة أسباب منهاحاسوبيا أفضل بكثير من دراستها عم

فقد تم حساب معادلة    (CoO)و  (CdO)في دراستنا لمركبي . الحصول على نتائج دقيقة قليلة الخطأ

 Cesium Chloride, (RS) Rocksalt: ،Zincblende (CsCl)الحالة لكل التراكيب الممكنة لهما 

(ZB)  . (WZ) Wurtzite,الحجـم  حساب , وتم تحديد أبعاد البلورة لكل تركيب من التراكيب السابقة

بلوره ومن ثم تم حساب الضغط الانتقالي الذي تتحول عنده  البلورة من  والضغط الذي تتكون عنده كل

كما تم حساب مستويات الطاقة و إيجاد طاقة الفجـوة لكـل تركيـب مـن     ,  تركيب إلى تركيب آخر

  .المركبين



 
  

ج

  :م نتائج هذه الدراسة من أه

    و WZ   لتركيبـة )   eV 0.13( مـا يقـارب  : كما يلـي   CdOتتراوح طاقة الفجوة لمركب  -1

        (eV 0.5 -) فإنهـا تقـارب    RSأما في تركيبـة  .  ZB لتركيبة)    eV 0.17( كذلك ما يقارب

مركب هو  شبه معدن مما يعني أن هذا ال   (eV 1.2 -)فإنها تقارب  CsClو كذلك في تركيبة    

  . لجميع هذه التراكيب

 إلكترون فولـت 0.77 )         0.11( ما بين: كما يلي CoOبينما تتراوح طاقة الفجوة لمركب  -2

 لتركيبـة  إلكترون فولـت  0.17-)        - 0.54( و كذلك فهي أيضا ما بين .CsCl   لتركيبة

ZB . أما في تركيبةRS    0.01 فإنها تقارب eV)(   باستخدام الأسـلوب التقريبـي (GGA) ,

 و  LDA باستخدام الأسلوب التقريبـي  إلكترون فولت 0.42)        0.15( كذلك فإنها ما بين

W-Cohen مما يعني أن هذا المركب هو  شبه معدن لجميع هذه التراكيب . 

 .تحت ضغط معين يمكن للتركيب أن ينتقل إلى تركيب آخر  -3

 .العاديةالحرارة  اتعند  درج CdOلأساسي والطبيعي لمركب هو التركيب ا (RS)تركيب  -4
 

 .العاديةعند  درجات الحرارة  CoOهو التركيب الأساسي والطبيعي لمركب  (ZB)تركيب  -5
 

   .بشكل كبير مع الحسابات النظرية  والتجريبية السابقة و الحسابات التي حصلنا عليها تتطابق  -6

 




