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SUMMARY 

 

Hartree-Fock-Roothaan Theory of Electron Momentum Distiributions, Compton 

Profiles and the Expectation Values of Momentums of Molecules and Some 

Applications  
 

Electron momentum distributions, Compton profiles and expectation values of 

momentums used extensively in the investigation of the electronic structure of atoms, 

molecules and crystals. Shifted Compton line due to Doppler effect is called as 

Compton profile. In other words; Compton profile is the projection of electron 

momentum on the scattering vector. 

 It is quite time consuming and expensive to get atomic or molecular electron 

momentum distributions and Compton profiles experimentally for all energy values. 

Therefore, it is quite important to calculate electron momentum distributions, Compton 

profiles and expectation values of momentums theoretically. Electron momentum 

distributions, Compton profiles and expectation values of momentums for atoms are 

studied in literature frequently and there is not deficiency in their theory. However, the 

studies in literature about these properties of molecules are especially applications 

studies on some special molecules or numeric calculations. That is, there are not full 

theoretical, general and analytical studies about the calculation electron momentum 

distributions, Compton profiles and expectation values of momentums for molecules. 

      In the first stage of this work, general and analytical expressions of electron 

momentum distributions, Compton profiles and expectation values of momentums for 

molecules have been derived by using Hartree-Fock-Roothaan method and computer 

programs for these expressions have been constructed in Maple-16 symbolic 

programming language. 

In the second section of this study, using obtained expressions for electron 

momentum distributions, Compton profiles and expectation values of momentums, 

related properties of molecules , , HeH , , , , ,  and  
have been calculated, and the availability of the proposed theory and the constructed 
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computer programs have been investigated by comparing the obtained results with the 

available literature values. 

 

Keywords: electron momentum distribution, Compton profile, expectation value of 

momentums, Hartree-Fock-Roothaan method, auxiliary molecular integral. 
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  : Coulomb integrali 

  : exchange integrali 

  : k  

   

  : Fock matrisi 

  : overlap matrisi 

   

  : Thomson tesir kesiti 

   

  : elektron dalga fonksiyonu 
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 : atomik orbital 

 : k  
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LCAO  : atomik orbitallerin lineer kombinasyonu  

GTO  : Gaussian tipli orbitaller 

STO  : Slater tipli orbitaller  

HFR  : Hartree-Fock-Roothaan 
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i olan X- . Bu 

spektro , genellikle X-

. Maddenin 

 madde  meydana gelir. Bu 

 neticesinde; 

 denir. Elektromanyetik radyasyonun madde ile 

koherent ve inkoherent . Gelen fotonun enerjisi ile 

lma denir.  

enerjisi foton enerjisine  

  

 

 

isimlendirilir. iye X- X-

 

 

 . 

X-

Villard 

(Villard, 1900) X-

, X 

rdu. Bununla birlikte Thomson, X ve gama 

, 

 (Thomson, 1903). 
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X-

teorisin  (Barkla, 1903). 

X-

belirlen  (Thomson, 1980)

durgun kabul eden Klein-  (Klein ve 

Nishina, 1929). Bu olaylar 192 -

K 

tespit etmek suretiyle diferansiyel tesir kesiti 

 (Cooper, 1985). 

medikal fizik, radyobiyoloji, radyoterapi, 

X-

(Bushuev ve Kuz'min, 1977). 

 ; Cooper vd., 2004). 

 Compton spektroskopisi,  

Compton spektroskopisinde 

 birlikte, inelastik X-

, 

 enerjili ve  

enerjili ve  

 enerjili ve  
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 enerjili ve   

 ve  ve  

 (Cooper vd., 2004).  
 

  ve  

 ve

 

 

     (1.1) 
 
ifadesi ile verilir. Burada  keV ve   

 

 

      (1.2) 
 

a q,  momentumunun 

d .1 .1

ni . 

, ve ,  ve s p

momentumunu ve  ve   enerji ve momentumunu ifade eder 

(Cooper vd., 2004). 
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1.1.  enerjili ve  

(  ve 
enerji ve momentumu ifade eder). 

 

 1. oherent Compton s

 

 

 
1.2.  enerjili ve  momentumlu 
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nda DuM lesinin (DuMond, 1929; DuMond, 1933) 

(Cooper, 1985) ve Bushuev ve 

 (Bushuev ve , 1977). 

, 

li X- , 

   

 X-

bu konuya olan ilgi 

 (Cooper vd., 2004). 

 

X-

unumu 

k>>p

b

 (Alexandropoulos ve Theodoridou, 1988). 

 (Alexandropoulos ve Theodoridou, 

1988). 

Enerji ve momentumun korunumu  

 

       (1.3) 

       (1.4) 
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         (1.5) 

 
denklemi elde edilir (Compton, 1923). 

1.

: 

 
1.3. X-  

 
Compton spektrumunda (1.3) denkleminden 

 

        (1.6.a) 

       (1.6.b) 

     (1.6.c) 

 
5.682sin25.682sin9

2sin25.682sin

2
12

2
12

21

mc

mc
q

   (1.6.d) 

 

ifadeleri  (Alexandropoulos ve Theodoridou, 1988). 

 nE   

k
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profilinde bir bozulmaya neden olur (Alexandropoulos ve Theodoridou, 1988).  

 -Fe

momentum durumu  

elektrona uygulanmaz, olarak elektron 

en basit durumunda; plazmon enerjisi  ve momentum transferi  

 

 

        (1.7) 

 

  ise elektron Fermi 

 (Alexandropoulos 

ve Theodoridou, 1988). 

 

, 

iki etkideki spektra  deneysel 

 ve  (Alexandropoulos ve Theodoridou, 1988). 

X- rtlarda belirleyici 

 

(Alexandropoulos ve Theodoridou, 1988): 

a) Spektrum maksimumunun sadece  ve  deneysel parametreler

on etkisi, 

b)  
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c)  

 

 

i 

 

 momentumlu elektronun 

 if edilen gelen elektromanyetik 

 

 

 

 Ap
mc
e

mc
AeHc .

2 2

22

       (1.8) 

 

kesiti 

 

     (1.9) 

 
  

 

 

n n

rkirki

n n

rkirki
rki

fi

iEE
ieepnnepef

m

iEE
ieepnnepef

m
eeiefM

020

21

010

12
21

21

12

1

1

  (1.10) 

 

 ve  ve   

durum dalga fonksiyonunu ifade eder  . 

 Burada  hayali durum ve  

ftlenim Hamilton 

 etkin terimi 

edilirse, (1.9) denklemi  

     (1.11) 
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ifadesine indirgenir. Bu ifade Compton tesir kesiti ifadesi olarak bilini

 

edilir. Denklem 

 

2007). 

   

 

 

          (1.12) 

 
Bu yeni q , ,  ve   

         (1.13) 

 
Yeni q  

 

        (1.14) 

 
ifadesi elde edilir. Burada   ise Compton 

profili olarak isimlendirilir . 

 

1.4. Hartree-Fock Metodu 

Kuantum kimyasal metotlar; atomlar

denklemi 

 
EH          (1.15) 

 
r 

15  
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 enerjili 

 

 

hareketine Born-

bilinir. Bu ; Hamilton zamanda .  

 Genel olarak; M N relativistik 

olmayan elek  atomik birimlerde (Helgaker vd., 2000): 
 

      (1.16) 

 

ile verilir.  olan  dalga fonksiyonu 

 

     (1.17) 

 

. (1.17) denkleminde  

 toplam enerjisi 

  

 

        (1.18) 

  
ifadesiyle 

 

- , 

(Helgaker vd., 2000):  

 

nn
nn

nn
nn

n
mr

nnn

nnn

s

22......2211
22

......
......
......

22
......

11
......

22......2211
22......2211

!2
1,

111

111

  (1.19) 
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spin orbitalleri olarak isimlendirilir. Spin 

 

 
       (1.20) 

 
Burada   ve   (Helgaker vd., 

2000). 

Hartree-  

 

 
         (1.21) 
 

ifadesi ile verilir. Tek el   

olarak da bilinir (Helgaker vd., 2000). 

 

1.4.1. Baz Setleri (LCAO) 

 

  lineer kombinasyonu 

 

 

        (1.22) 

 
Burada atomik orbital   

veya 2  

 varyasyonel prensip ile belirlenir ve M ise baz setinin  (Helgaker 

vd., 2000). 
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a) Slater Tipli Orbitaller (STO)  

Tipik 

(Slater, 1930): 
 

      (1.23) 
      

Burada  (Jeffrey ve Dai, 

1995) ve  ise normalizasyon sabitidir ve  

 

        (1.24) 

 
 

 

b) Gaussian Tipli Orbitaller (GTO)  

(Boys, 1950): 
 

      (1.25) 
 

Burada   (Jeffrey ve Dai, 

1995) ve  ise normalizasyon sabitidir. 

 

 ve Ruiz, 2008).   

 

1.4.2. Elektronik enerji 

  
 

 
H

E         (1.26) 
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ifadesi ile verilir. Burada , sistemi temsil eden dalga fonksiyonu ve  ise 

(1.22) denklemiyle verilen elektronik . Elektronik Hamilton 

, tek elektronlu  ve iki elektronlu  

verilir: 

 
         (1.27) 

 
Burada  tek elektronlu Hamilton oper ve  

 

       (1.28)
  

 elektronlu Hamilton   

KJg
2
1          (1.29) 

 
 Coulomb ve  -  

 

       (1.30) 

       (1.31) 

 

eklinde 0) ve (1.31   

       (1.32) 

   
ile verilir. i ifadeler elektronik enerji ifadesinde kull  
 

      (1.33) 

elde edilir. Burada  tek elektron integralleridir ve   

 
 iiii hdVhihi 1

* 11       (1.34) 
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ile verilir ve (1.16) denklemiyle verilen Hamilton o deki 1. ve 3. terimlerin 

 (Helgaker vd., 2000). 

  ve  -elektronlu Coulomb ve exchange 

 (Helgaker vd., 2000): 

 Coulomb integrali 

12
12

** 12121 dVdV
r

J ijiiij      (1.35) 

 
 Exchange integrali 

 .    (1.36) 

 
1.4.3. Varyasyonel Prensip 

 
enerjili tam  
Burada E taban durum dalga fonksiyonu  enerjisinin 

 

 .         (1.37) 

 
Burada  
 

 EE
H

        (1.38) 

 

ile verilir. (1.24) denklemi (1.29  enerjisi 

-Fock integro-

diferansiyel denklemi 

 111121
1

iii

n

j
jj KJh      (1.39) 

 
Burada i=1,2,3,4, ,n 39)  
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          (1.40) 
 

 

 

 

     (1.41) 

 
ifadesi elde edilir. Burada  Hartree-  

olarak bilinir ve 

       (1.42) 

 
(Helgaker vd., 2000). 

 

1.4.4. Hartree-Fock-Roothaan Denklemleri 

 Denklem (1.   i

(1.22 -Fock integro-diferansiyel denklemi  

 

   (1.43) 

 
elde edilir. Burada;  iki-elektronlu Coulomb integrali,  ise iki- 

elektronlu e  

 
 

j
jjccP *2         (1.44) 

          (1.45) 

    (1.46) 

      (1.47) 

 
43  
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      (1.48) 

 
-Fock-Roothaan (HFR) denklemleri olarak 

bilinir. Burada   overlap matrisi ve  ise Fock 

matrisidir ve bu matrisler kare matrislerdir (Helgaker vd., 2000). 

 Denklem (1.39

ifade edilir: 

 
 CSFC          (1.49) 
 
Burada C bir kare matristir ve i  

 

 
         (1.50) 
 
 VVF          (1.51) 
 
Hartree-Fock metodunda toplam elektronik enerji (1.23) denklemiyle verilir. LCAO 

 

 

       (1.52) 

 
ifadesi ile verilir (Helgaker vd., 2000). 

 

1.4.5. -uyumlu Alan (SCF) Metodu  

 Bu metot varyasyonel bir ta deneme dalga 

fonksiyonu ve bu dalga fonk

 (Helgaker vd., 2000): 
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1.4. -uyumlu alan (SCF)  

 

 

  (Compton, 1923)  

ile Debye (Debye, 1923) 

Dumond berilyumun Compton profilinin Fermi- ile uyumlu 

 (Dumond, 1929)

 

 (Dumond ve Kirkpatrick, 1931; Dumond ve Kirkpatrick, 

1931; Dumond ve Hoyt, 1931; Dumond, Kirkpatrick, ve Alden, 1932).  Kappe

haldeki lityum, karbon, sodyum florid ve gaz haldeki neon, oksijen ve hidrojenin 

r elde etti (Kappeler, 1936). 

Ancak l

HAYIR EVET 

Koordinatl  

tahmin et 

Fock matrisini 
 

Fock matrisini 
 

H
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n  (Cooper vd., 

1965)

 (Platzman ve Tzoar, 1965)

incelendi. X Compton 

 ile deneysel olarak 

 (Lam ve Platzman, 1974).    

kompleks . 

 

 (Cooper vd., 2004).   

(DuMond, 1929) 

 

 atomlara Duncanson ve Coulson uygul  

(Duncanson, 1943; Duncanson ve Coulson, 1945; Duncanson ve Coulson, 1948).  

Atom ve nin teorisi Kaijs

(Kaijser ve Smith, 1977)  

 

Hartree-Fock-Roothaan (HFR) 

(Delavega ve Miguel, 1993; 

Delavega ve Miguel, 1994; Delavega ve Miguel, 1995) 

 

, periyodik tablodaki 

Biggs, Mendelsohn ve Mann  
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 (Biggs vd., 1975; Mendelsohn ve Smith, 1977) 

 

(Benesh ve Smith, 1973; Benesh ve Smith, 

1972)   

kitaplar 

 , Cooper (Cooper vd., 2004), Williams (Williams, 1977) ve 

Coppens (Coppens, 1997)  

              , 

 

             

(DuMond, 1929; DuMond, 1933)  

 DuM

  

 ohr

-uyumlu alan 

(Epstein ve Lipscomb, 1970; Epstein, 1970; Epstein, 1973). 

(Aikala, 1979; Aikala vd., 1973) 

 

  m 

-uyumlu alan metoduy

(Thulstrup, 1976). 
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Atom v  Fourier analizi ile ilgili teori 

(Weyrich vd, 1979; Saenz vd., 1997). 

-uyumlu alan metodu ile Hirst ve 

(Hirst ve Liebmann, 1975; Hirst ve Liebmann, 

1975). 

(Duncanson, 1943; Duncanson ve Coulson, 1945; 

Duncanson ve Coulson, 1948), (Weyrich vd., 1979; Saenz vd., 

1997) (Kaijser ve Smith, 1977) 

  ilgili 

kaynaklarda (Kaijser ve Smith, 1977)  

    

 

elektron 

varolan d

olan 

 

 bile 

 

i.  
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fonksiyonl

lir. 

ii. 

 

n; elde edilen ifadeler genel 

adece 

.  

ilk Compton 

profilleri ve -Fock-Roothaan metodu ile 

Bu , baz fonksiyonu olarak STO 

 (Helgaker vd., 2000)

lenecektir.  

 ise, 

genel analitik ifadelerin Maple-  yazmak 

, , , , , , ,  ve 

 

Compton profillerini hesaplam mak  
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2.1. Materyal 

 

liktir (Cooper, 1985).  

 

 
       (2.1) 

 
ifadesi ile verilir (Duncanson, 1943). Burada  
fonksiyonudur.  

 

 2.1.2. Compton Profili 

 (Cooper, 1985).  

Compton p

 

 

 

        (2.2) 

 
. Burada q foton momentum transferidir (Duncanson ve 

Coulson, 1945). 
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 2.1.3.  

 

 

 

0

dppIpp         (2.3.a)   

0

12 dqqJp           (2.3.b)   

 
ler (Epstein, 1973; Benesh ve Smith, 1973). 

 ifadesinde  

 -1 Compton profilinin maksimumu,    

 0  

 1 lineer momentum,  

 2 kinetik enerji,  

 3 , 

 4 ise relativistik kinetik enerji  

 
ile ilgili direkt bilgiler verir (Wang ve Smith, 1994). 

  

(Thakkar vd., 1980): 

 
         (2.4.a) 

.    (2.4.b) 

 

2.2. Metot 

2.2.1.  

 
 

      (2.5) 
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 j. 

dalga fonksiyonu ve  ise j.  5 te 

 
 

 
   (2.6) 

 
 

 

    (2.7) 

 
ifadesi elde edilir. Burada;  lineer  ise  
 

 deppUpURpI Rpi
mlnnlmmlnnlm

2*
, ,,,;,    (2.8) 

 
dir. Bu ifadede 

 fonksiyonu 

    

 
   (2.9) 

 
ifadesi elde edilir. Burada  
t

 

Denklem (2.9 aki  fonksiyonu ise  olarak 

isimlendirilir ve  

    (2.10) 

 

  
 

 -mmM,
L

LMml
*
lm m,llm,CLdYYY

4
12*    (2.11) 

 
ifadesi (Gaunt, 1929)   
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  (2.12) 

 
bir ifade bulunur. E  

 K B  (2.10) ve (2.12) ile 

   Gaunt 

K C   

 N j  

e   
 

         (2.13) 

 

n  

 

 2.2.2.  

 
 

     (2.14) 

 

RqJ mlnnlm ;,,,  fonksiyonu  Compton profili 

 olarak isimlendirilir ve  
 

    (2.15) 

 

9) denklem (2.15  
 

  (2.16)  

 

bulunur. Burada   ve 

B  Compton profili 

K  
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 N   j

 

         (2.17) 

 
 

 

2.2.3. ri 

 

 (2.3.a) b

 

    (2.18) 

 

ifadesi elde edilir. Burada  j.  lineer 

 ise  

    (2.19) 

 

 

(2.12) denkl   
 

 

(2.20) 

ifadesi elde edilir. Burada   
 

    (2.21) 

 

pRjL   (Jeffrey 

ve Dai, 1995). Denklem (A.4) denklem (2.21 e  
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  (2.22) 

 

ifadesi elde edilir. Burada  B

 

 R=0 durumunda, (2.19) denklemi 
 

 

  (2.23) 

 

ifadesine indirgenir. Burada  rali B

 

 

2.2.4.  

a)    

   
 

    (2.24) 

 
 

i.  

Denklem (2.24 te  , 2004): 

                      

                                                                                              (2.25) 
 

 

 
 
(2.26) 
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5) ve (2.26 aki  parametresi  

 

 

122
1 21, nns

n
ns

nn snnF    (2.27) 
 

6 a  fonksiyonu bir yar

integraldir ve B  

   

 

       (2.28) 
 

ifadesine indirgenir. 

  

ii.  

RqJ lm
nn ,;,  4) denkleminde pay ve 

payda   
 

   (2.29)  
    

 
 
     (2.30) 
 

 

 ve  integralleri denklem (2.26  

 
1

0
1,0

1

0
1,0

0 ;,,;,,,;,
n

s

l
s

s
nn

n

s

l
s

s
nn

l
nn RqFRqFRqJ  (2.31) 
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nn
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s

l
s

s
nn

l
nn RqFRqFRqJ  (2.32) 

 

 

 RqJ lm
nn ,;,  
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       (2.33) 

 
(Jeffrey ve Dai, 1995)  

 

 
 

 (2.34) 
 

 

ve   integralleri  

      (2.35) 

RqCRqS
R

RqJ m
nn

m
nn

m
nn ,;,,;,1,;, 22

2
1    (2.36) 

 

  ve   EK  ve

 sembolik ve 

EK  
 

b)    

  
 

     (2.37) 

 
 

 
i.  

Denklem (2.3 de   denklem (2.25) 

 
 

   (2.38)
 

 
 elde edilir.  
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                     (2.39.a) 

 

  durumlar da  

                  (2.39.b) 
 

ifadelerine indirgenir. Denklem (2.38) ve (2.39 a  fonksiyonu bir yar

   

 
ii.  

 2.37) denkleminin pay ve 

payda    

 
    (2.40)  

    
 

  
      (2.41) 
 

, ,  ve  integralleri denklem (2.38) 

 

1

0
1,0

1
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s
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s

s
nn

l
nn RERERI   (2.42) 

   (2.43) 

       (2.44)  

RERI l
mn
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n ,;,0        (2.45) 
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bir tek  tekrarlama 

denklem (2.33)  
 

    (2.46) 
 

 ve 

 integralleri  

      (2.47) 

    (2.48) 

 

eklinde  ve  

integralleri, EK   

  
K  

c)  

i.  tegrali 

RqF l
mn ;,   

 

      (2.49) 

 

 Burada  udur. 

  
 

  
 

 
1

0 0
11

sincosn

k

kn

m
mkn;kmmkn;kmn x
xB

x
xAxj

     
(2.50)

 
 

ifadesi ve Eraslan, 2014)  
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  (2.51)
 

 

b  elde edilir. Denklem (2.50) ve (2.51 de  ve n;kmB   
 

      (2.52) 

 

      (2.53) 

 

ile verilir. Denklem (2.52) ve (2.53 te   
 

  ;     (2.54) 
 

.  

 

  
 

  
2.33 te 

 

     (2.55) 

 

 ve  integralleri  

 

       (2.56) 

RqC
R

RqS
R

RqF nmnmmn ;,1;,1;, ,1,22
1     (2.57) 

 
2.56) ve denklem (2.57   ve 

 K   
ve sembolik 
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Tablo 2.1. 
 

 

       Maple)  

0 

0 

0 0.5 0.4 1.4 0.7289010503534541321137285414 0.7289010503534541321137285414 0 
1 0.8 0.1 0.9 1.2442919961246009752870363559 1.2442919961246009752870363559 0 
2 0.5 0.5 1.3 0.8980646751622450859332715593 0.8980646751622450859332715593 0 
3 0.4 0.6 2.2 0.6597457135964144354418254382 0.6597457135964144354418254381 10-36 
4 0.7 0.2 2.4 2.3681290672539275154008130394 2.3681290672539275154008130394 0 
5 0.8 0.7 1.5 0.0649267725337125764809210857 0.0649267725337125764809210857 0 

2 

1 0.3 0.7 0.8 0.9140274250214668002781304515 0.9140274250214668002781304515 0 
2 0.1 0.1 2.9 4.4599083093351735427098057058 4.4599083093351735427098057058 0 
3 0.7 0.8 1.1 0.1525549135306909938591669250 0.1525549135306909938591669250 0 
4 0.4 0.5 1.9 1.1407392854835512618559123893 1.1407392854835512618559123894 10-34 
5 0.8 0.5 0.1 0.1410588777684180291957360903 0.1410588777684180291957360903 0 

4 

2 0.2 0.3 1.4 0.6788655397230196742902873134 0.6788655397230196742902873134 0 
3 0.7 0.7 2.1 0.0481164088727810670369298344 0.0481164088727810670369298344 0 
4 0.6 0.9 1.5 0.0764907935979359797833938340 0.0764907935979359797833938340 0 
5 0.6 0.8 1.7 0.0639076146845459343946084821 0.0639076146845459343946084821 0 

1 

1 

1 0.7 0.2 2.4 0.2744656705112103353959876283 0.2744656705112103353959876283 0 
2 0.5 0.4 1.4 0.3519978611053716733792895244 0.3519978611053716733792895244 0 
3 0.8 0.7 1.9 0.0735488924663070805067930185 0.0735488924663070805067930185 0 
4 0.5 0.5 1.3 0.3539144239006422463511851419 0.3539144239006422463511851419 0 
5 0.4 0.6 2.2 0.6786517857131879343261676426 0.6786517857131879343261676426 0 

3 

2 0.8 0.5 0.1 0.7246987335547118858299997942 0.7246987335547118858299997942 0 
3 0.2 0.3 1.4 0.7716451401589292384597750817 0.7716451401589292384597750820 10-32 
4 0.7 0.7 2.1 0.0629326890026669645414892272 0.0629326890026669645414892272 0 
5 0.6 0.9 1.5 0.0321493871105032150838005379 0.0321493871105032150838005379 0 

5 
3 0.6 0.8 1.7 0.1836091017923750753002147553 0.1836091017923750753002147553 0 
4 0.8 0.7 1.9 0.0525464876387765553738704301 0.0525464876387765553738704301 0 
5 0.5 0.5 1.3 0.1406384077628851078131420630 0.1406384077628851078131420632 10-37 

2 

2 

1 0.4 0.6 2.2 0.3013950820209266804195956198 0.3013950820209266804195956198 0 
2 0.1 0.1 2.9 0.4480138041101858652509412800 0.4480138041101858652509412900 10-26 
3 0.7 0.8 1.1 0.0288752403511943481860064586 0.0288752403511943481860064587 10-32 
4 0.4 0.5 1.9 0.1619782483279484043113699624 0.1619782483279484043113699624 0 
5 0.8 0.5 0.8 0.0037994464017792536023973791 0.0037994464017792536023973791 0 

4 

2 0.5 0.5 1.3 0.5197571214291835524801983735 0.5197571214291835524801983735 0 
3 0.4 0.6 2.2 0.1624245755332419459048728915 0.1624245755332419459048728914 10-27 
4 0.8 0.5 0.1 0.0003760274138784749905735438 0.0003760274138784749905735475 10-26 
5 0.2 0.3 1.4 0.5384683053918144371655395965 0.5384683053918144371655396931 10-25 

6 
3 2.6 0.7 5.4 -0.00001351135625711527518587149 -0.00001351135625711527514440681 10-27 
4 0.8 2.6 4.5 -0.00135264212308057473681779296 -0.00135264212308057473682640027 10-27 
5 0.2 0.4 0.7 0.0000130721495839916310989454 0.0000130721495839916310989456 10-32 
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Tablo 2.2.  sembolik  
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ii.   

  
 

       (2.58) 

 
 

 
  

 

Denklem (2.58 e yeralan  

ve Eraslan, 2014) denklem (2.50 rsa 

  
 

 
           (2.59) 

ifadesi elde edilir.  

(m,l   

(Jeffrey ve Dai, 1995) 
 

     (2.60) 

 
 

   (2.61) 

 

bulunur. Bu ifadede yeralan  
 

      (2.62) 

 

i    

2

2
1

2

0
22 2

1 dy
y

ydx
x

x
n

m

n

m

     (2.63) 
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elde edilir. Denklem (2.63 te   

     (2.64) 

 

  
 

)
2

1,
2

1(
2

12

0
22

mnmBdx
x

x nm

n

m

    (2.65)
 

 

ifadesi elde edilir. (2.65) ifadesinde   

 

           (2.66) 

ifadesi bulunur. Bu ifade Q

 
 

  

  ya

2.33 te 

 

      (2.67) 
 

 ve  integralleri  

        (2.68)
 

    (2.69) 
 

ifadeleri ile verilir. Denklem (2.68) ve denklem (2.69 a  

EK I    EK I.4 te ve 

 ve sembolik 

Tablo 2.3 te   
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Tablo 2.3.   

     
 Maple)  

0 

0 

0 0.5 1.4 1.121997376282069013736658351171251 1.121997376282069013736658351171251 0 

1 0.8 0.9 1.399666095614312197210304578653694 1.399666095614312197210304578653694 0 

2 0.5 1.3 5.960120270271155809667280466093544 5.960120270271155809667280466093544 0 

3 0.4 2.2 55.24692836346835917764964652784320 55.24692836346835917764964652784320 0 

4 0.7 2.4 5.464645815096394149366567825725351 5.464645815096394149366567825725351 0 

5 0.8 1.5 5.464645815096394149366567825725351 5.464645815096394149366567825725351 0 

2 

1 0.3 0.8 1.544540193397335455048852471205312 1.544540193397335455048852471205312 0 

2 0.1 2.9 7.177998743836756793162794162533763 7.177998743836756793162794162533763 0 

3 0.7 1.1 0.469139807478688607973753557368484 0.469139807478688607973753557368484 0 

4 0.4 1.9 8.754565337282918585543992035768654 8.754565337282918585543992035768654 0 

5 0.8 0.1 0.292396462105112144408667926366505 0.292396462105112144408667926366505 0 

4 

2 0.2 1.4 0.729269142456973834041663244772814 0.729269142456973834041663244772814 0 

3 0.7 2.1 0.098675740103356346023892983171719 0.098675740103356346023892983171719 0 

4 0.6 1.5 0.301209533800364003174830713119117 0.301209533800364003174830713119117 0 

5 0.6 1.7 0.364203427876824745432850240329090 0.364203427876824745432850240329090 0 

1 1 

1 0.7 2.4 0.278561307436089055074123611568056 0.278561307436089055074123611568056 0 

2 0.5 1.4 0.437791632127525340085937813050512 0.437791632127525340085937813050512 0 

3 0.8 1.9 0.166286604401195584449774513816471 0.166286604401195584449774513816471 0 

4 0.5 1.3 1.307071682442916852653391043696601 1.307071682442916852653391043696601 0 

5 0.4 2.2 26.24242261009943237301170380653961 26.24242261009943237301170380653961 0 

1 

3 

2 0.8 0.1 0.725013883054226463098130821511632 0.725013883054226463098130821511632 0 

3 0.2 1.4 1.038784534313712728722136598658950 1.038784534313712728722136598658950 0 

4 0.7 2.1 0.113785750726092518524283692079433 0.113785750726092518524283692079433 0 

5 0.6 1.5 0.208852469435963026229991899114419 0.208852469435963026229991899114419 0 

5 
3 0.6 1.7 0.210991899788049592980046164406519 0.210991899788049592980046164406519 0 

4 0.8 1.9 0.059155330495830222717514013604989 0.059155330495830222717514013604989 0 

5 0.5 1.3 0.173841577796634709631487391210244 0.173841577796634709631487391210244 0 

2 

2 

1 0.4 2.2 0.312942675738890469089339212973570 0.312942675738890469089339212973570 0 

2 0.1 2.9 0.452029407029365481691252755732052 0.452029407029365481691252755732052 0 

3 0.7 1.1 0.035953540163292782242818161453560 0.035953540163292782242818161453560 0 

4 0.4 1.9 0.319591110006353035256559820860847 0.319591110006353035256559820860847 0 

5 0.8 0.8 0.004573752413776084282792472418863 0.004573752413776084282792472418863 0 

4 

2 0.5 1.3 0.520402123506053003192499565666160 0.520402123506053003192499565666160 0 

3 0.4 2.2 0.179173355373848007516191054853785 0.179173355373848007516191054853785 0 

4 0.8 0.1 0.000377611397424076282863609802870 0.000377611397424076282863609802870 0 

5 0.2 1.4 0.969532232026131880140660825415020 0.969532232026131880140660825415020 0 

6 
3 2.6 5.4 -0.000003978692956901803104443965810 -0.000003978692956901803104443965810 0 

4 0.8 4.5 0.009657000642278343994288808740760 0.009657000642278343994288808740760 0 
5 0.2 0.7 0.059769225095468487333605157722900 0.059769225095468487333605157722900 0 
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Tablo 2.4. 
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iii.   

  
 

 
0

2222
, dp

pp
pI nn

m
m
nn      (2.70) 

 
 

 
  

 m  

  ifadesi 

5  
 

   (2.71)
 

 
 

 

 m  

Denklem (2.70 te   

 

   (2.72) 

 
, 

 

     (2.73) 

 
ifadeleri elde edilir. Burada  fonksiyonu EK e 
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 durumunda    
 

        (2.74) 
 

ifadesine indirgenir. 

 

 

  70) ifadesinin pay ve 

  

 
 ,,, 222

,1
m
nn

m
nn

m
nn III      (2.75) 

 
ifadesi elde edilir. (2.70   

 
     (2.76) 

 
bulunur. Denklem (2.75) ve (2.76

 

 
      (2.77) 

      (2.78) 

    (2.79) 

       (2.80) 

 
Bu   denklem (2.27) de 

  ve  e 

i   ve sembolik 

r.
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Tablo 2.5.   

 
 

    Bu  (Maple)  

0 

1 2 0.5 1.4 0.5232900873043738686939584712059 0.5232900873043738686939584712059 0 
2 5 0.5 1.3 0.3441777438485534763845600792840 0.3441777438485534763845600792840 0 
3 4 0.4 2.2 0.1008190380915798713235167676263 0.1008190380915798713235167676263 0 
4 7 0.7 2.4 0.0000256748483938640367509745745 0.0000256748483938640367509745745 0 
5 8 0.8 1.5 0.0038794534027931324545077093543 0.0038794534027931324545077093543 0 

1 

1 2 0.7 2.4 0.0278933205936310049279625491063 0.0278933205936310049279625491063 0 
2 4 0.5 1.4 0.0753334605330394686724147949707 0.0753334605330394686724147949707 0 
3 7 0.8 1.9 0.0000430593330427218144647173691 0.0000430593330427218144647173691 0 
4 8 0.5 1.3 0.1085327568683329201815923000004 0.1085327568683329201815923000004 0 
5 9 0.4 2.2 0.0001195719928150828804691786875 0.0001195719928150828804691786875 0 

2 

1 4 0.3 0.8 0.8696973541384712699863973942157 0.8696973541384712699863973942157 0 
2 8 0.1 2.9 2.5395393308207554522819930485E-7 2.5395393308207554522819930485E-7 0 
3 9 0.7 1.1 0.0164943276532490894443639033271 0.0164943276532490894443639033271 0 
4 7 0.4 1.9 0.0009467048222607066871699969644 0.0009467048222607066871699969644 0 
5 1 0.8 0.1 2.0942503865706708353847090937004 2.0942503865706708353847090937004 0 

3 

1 2 0.6 1.7 0.1390549149435020093116060845479 0.1390549149435020093116060845479 0 
2 4 0.2 1.4 0.0498789274442618237664658452874 0.0498789274442618237664658452874 0 
3 4 0.8 0.1 2937.7476589559635140050249819135 2937.7476589559635140050249819135 0 
4 5 0.7 2.1 0.0001148677922982176601739813857 0.0001148677922982176601739813857 0 
5 6 0.6 1.5 0.0037025873948493640627290408318 0.0037025873948493640627290408318 0 

4 

1 7 0.2 8.7 1.482646491046340040071484817E-12 1.482646491046340040071484817E-12 0 
2 4 0.2 1.4 0.0245667875702006990170720284338 0.0245667875702006990170720284338 0 
3 3 0.7 2.1 0.0023283252785307525376909396192 0.0023283252785307525376909396192 0 
4 1 0.6 1.5 0.1451311259048225720086425493834 0.1451311259048225720086425493834 0 
5 4 0.9 1.7 0.0003466348291968137169742089423 0.0003466348291968137169742089423 0 

5 

1 8 14.7 4.2 1.218491986796151394777369918E-11 1.218491986796151394777369918E-11 0 
2 9 5.5 5.5 1.980908755992109704636002219E-15 1.980908755992109704636002219E-15 0 
3 2 0.6 1.7 0.0365634250591227132351808515295 0.0365634250591227132351808515295 0 
4 1 0.8 1.9 0.0400440270164212248885207742600 0.0400440270164212248885207742600 0 
5 4 0.5 1.3 0.0348583661306956654771738607459 0.0348583661306956654771738607459 0 

6 

1 8 1.2 14.8 9.0405046427481583584308251581923 9.0405046427481583584308251581923 0 
2 9 11.7 12.3 4.394021950494414805551795977E-20 4.394021950494414805551795977E-20 0 
3 4 2.6 5.4 3.4676576693740081328624303509E-7 3.4676576693740081328624303509E-7 0 
4 7 0.8 4.5 9.535418109273456123949071553E-11 9.535418109273456123949071553E-11 0 
5 4 0.2 0.7 58.543629708370898885017803526801 58.543629708370898885017803526801 0 

7 

1 6 0.4 2.2 0.0001404224126342799513819699454 0.0001404224126342799513819699454 0 
2 3 0.1 2.9 0.0296570655695838892749264756653 0.0296570655695838892749264756653 0 
3 5 0.7 1.1 0.0054616847782009017797971918449 0.0054616847782009017797971918449 0 
4 8 0.4 1.9 0.0000040121131710175310709895786 0.0000040121131710175310709895786 0 
5 9 0.8 0.8 0.0151636667480490130630412979142 0.0151636667480490130630412979142 0 
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Tablo 2.6.   sembolik  
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3. BULGULAR 

3.1.  

 ;  

 , , , , , , ,  ve  

 

  Tablo 

 

 
Tablo 3.1.   (Clementi ve Raimondi, 1963) 

A.O. 
Atom 1s 2s 2p 

H 1.2280 - - 
He 1.6875 - - 
C 5.6727 1.6083 1.5679 
O 7.6579 2.2458 2.2266 
F 8.6501 2.5638 2.5500 

 

3.2.    

2H    
 

 (URL-1).  

2H  

 

 

 
 

 
 

 

  

    
 0.0000 0.0000 -1.0000 
 0.0000 0.0000 1.0000 

R(H-H)= 2 a.b. E= -1.205268 Hartree 
2H 

-Y 

Z 

X 

1H 
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Tablo 3.2.   (Coulson, 1941)  
 

 

 

 

Tablo 3.3.   

   
(Coulson, 1941) (Thomas, 1972) (Liu ve Smith, 1978) 

0.0 0.0000 0.0000 - - 
0.1 0.0727 0.0738 - - 
0.2 0.2662 0.2706 - - 
0.3 0.5188 0.5273 0.4068 0.4121 
0.4 0.7592 0.7717 - - 
0.5 0.9333 0.9487 0.7951 0.8056 
0.6 1.0172 1.0340 - - 
0.7 1.0145 1.0313 0.9540 0.9665 
0.8 0.9459 0.9615 - - 
0.9 0.8372 0.8510 - - 
1.0 0.7120 0.7237 - - 
1.2 0.4731 0.4809 - - 
1.4 0.2938 0.2986 - - 
1.6 0.1777 0.1806 - - 
1.8 0.1083 0.1100 - - 
2.0 0.0682 0.0693 - - 

 

 

 
1.   

 
  

                
 

 
-0.602634 

1H    1s 0.58823529411 
2H     1s 0.58823529411 
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Tablo 3.4.   

  
 

(Coulson, 1941) (Schneider, 1973) 
0.0 0.7820 0.7949 0.7762 
0.1 0.7636 0.7762 0.7582 
0.2 0.7114 0.7232 0.7071 
0.3 0.6339 0.6444 0.6311 
0.4 0.5423 0.5513 0.5410 
0.5 0.4475 0.4549 0.4475 
0.6 0.3580 0.3639 0.3590 
0.7 0.2792 0.2838 0.2808 
0.8 0.2134 0.2169 0.2152 
0.9 0.1607 0.1634 0.1625 
1.0 0.1198 0.1218 0.1215 
1.2 0.0658 0.0669 0.0671 
1.4 0.0365 0.0371 0.0374 
1.6 0.0209 0.0213 0.0216 
1.8 0.0127 0.0129 0.0131 
2.0 0.0081 0.0083 0.0084 

 

 

 
2.    
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Tablo 3.5.    
        

 
 

 (Coulson, 1941) 

-2 4.1568429880 4.2256379870 
-1 1.5640904100 1.5899758230 
 1 0.9086304744 0.9236681446 
 2 1.1538737990 1.1729702010 
 3 2.1964716600 2.2328228700 
 4 7.6930097280 7.8203276420 

 

3.3.   

   
 

 

hidrojen 

 

-1).  

 

 

 
 

 
 

 

 

 

Tablo 3.6.   (Coulson, 1941)  
 

 

 

 

    

 0.0000 0.0000 -1.0000 

 0.0000 0.0000  1.0000 

R(H-H)= 2.0 a.b., E= -1.13362952 Hartree 

  
-0.56681476 

1H     1s 0.58823529411 
2H     1s 0.58823529411 

X 

Z 
2H 

-Y 

1H 
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Tablo 3.7.    
  (Coulson, 1941) 

0.0 0.0000 0.0000 
0.1 0.1454 0.1478 
0.2 0.5324 0.5412 
0.3 1.0376 1.0547 
0.4 1.5184 1.5434 
0.5 1.8667 1.8976 
0.6 2.0345 2.0681 
0.7 2.0291 2.0626 
0.8 1.8917 1.9230 
0.9 1.6745 1.7021 
1.0 1.4239 1.4475 
1.2 0.9462 0.9619 
1.4 0.5876 0.5973 
1.6 0.3554 0.3613 
1.8 0.2166 0.2201 
2.0 0.1365 0.1387 

 

 

 

 
3.   
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Tablo 3.8.   
   

(Eisenberger, 1970) (Brown ve Smith, 1972) 
0.0 1.564 1.553 1.573 
0.1 1.527 1.516 1.532 
0.2 1.422 1.412 1.416 
0.3 1.267 1.258 1.249 
0.4 1.084 1.077 1.060 
0.5 0.895 0.890 0.871 
0.6 0.716 0.715 0.699 
0.7 0.558 0.562 0.551 
0.8 0.427 0.433 0.429 
0.9 0.321 0.330 0.330 
1.0 0.240 0.250 0.253 
1.2 0.132 0.141 0.147 
1.4 0.073 0.079 0.085 
1.6 0.042 0.045 0.049 
1.8 0.025 0.026 0.029 
2.0 0.016 0.016 0.017 

 

 
4.    

Tablo 3.9.   
             

           

Bu 
 

 

(Wang ve Smith, 1994) (Benesch, 1976) (Smith vd., 1977) (Barlas vd., 1978) 

-2 8.3136 8.3743 8.1586 8.2507 8.3120 7.9690 
-1 3.1281 3.1224 3.0756 3.0944 3.0990 3.0390 
 1 1.8173 1.8184 1.8551 1.8375 1.8310 1.8300 
 2 2.3077 2.2445 2.3483 2.2901 2.2580 2.3410 
 3 4.3930 3.8877 4.1833 3.9500 3.8000 3.3000 
 4 15.386 10.762 11.843 - - - 
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3.4.  

   nokta grubu simetrisine sahip, en basit hetero

lerden biridir. Bir protonun gaz halindeki bir helyum atomu ile 

hidrojen ile 

, 

-1).   

 
molek

  

 
 

 
 

X Y Z 

He 0.000000 0.000000 
 

0.000000 

H 0.000000 0.000000 
 

1.400000 

R(He-H)=1.4 a.b. E= -2.932325 Hartree 

 

 
Tablo 3.10.  (Jorgensen ve 

Simons, 1981)  
 

 

 

Tablo 3.11.   

    

0.0 0.0000 0.8 1.1518 
0.1 0.0351 0.9 1.2243 
0.2 0.1361 1.0 1.2514 
0.3 0.2908 1.2 1.1947 
0.4 0.4802 1.4 1.0458 
0.5 0.6815 1.6 0.8641 
0.6 0.8719 1.8 0.6875 
0.7 1.0327 2.0 0.5343 

 

 

 
-1.4661625 

He         1s -0.0574 
 H           1s  0.9984 
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5.   

 

Tablo 3.12.    
  (Reed ve Banyard, 1980) 

0.0 0.96640 0.99216 
0.1 0.95759 - 
0.2 0.93168 - 
0.3 0.89022 - 
0.4 0.83571 - 
0.5 0.77133 0.77864 
0.6 0.70063 - 
0.7 0.62716 - 
0.8 0.55407 - 
0.9 0.48391 - 
1.0 0.41852 0.41120 
4.0 0.0038104 0.0041078 

10.0 0.000023328 0.000034905 
 

 
l 3.6.   
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Tablo 3.13.    
        

 
 

 (Fischer vd., 1993) 

-2 3.4931 - 
-1 2.0026 2.0448 
 1 2.8512 - 
 2 5.8273 5.6920 
 3 18.0967 - 
 4 105.4046 94.3300 

 
 

3.5.    

   nokta grubu simetrisine sahip, en b

lerden biridir

prototip 

  (URL-1).  

 ometrisi, taban durum HFR dalga fonksiyonu ve bu 

 

 

 
 

 

 

 

 

Tablo 3.14.  (Orbay ve 
 

 

 

 

 

  

     
 0.0000 0.0000 0.0000  
 0.0000 0.0000 3.0150  

R(Li-H)=  3.015 a.b.  E = -7.94632616 Hartree  

              

      
 

 

-2.449207 

 

-0.293636 

Li        (2.69063) 0.997134 -0.146528 
           (0.63961) 0.015426  0.362628 
H         (1.00000)  0.002339  0.785305 

Z 

Y

 H  

X 

  Li 
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Tablo 3.15.   

 
 

Toplam 
  

0.0 0.0000 0.0000 0.0000 
0.1 0.0155 0.7222 0.7068 
0.2 0.0567 2.0587 2.0020 
0.3 0.1135 2.8136 2.7002 
0.4 0.1792 2.7986 2.6194 
0.5 0.2511 2.4343 2.1832 
0.6 0.3273 2.0595 1.7322 
0.7 0.4056 1.7867 1.3811 
0.8 0.4829 1.6093 1.1265 
0.9 0.5558 1.4926 0.9368 
1.0 0.6216 1.4083 0.7867 
1.2 0.7234 1.2776 0.5542 
1.4 0.7792 1.1600 0.3808 
1.6 0.7905 1.0438 0.2534 
1.8 0.7654 0.9293 0.1640 
2.0 0.7144 0.8191 0.1046 

 
 

 
7.  

                 orbitallerinin elektron  
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Tablo 3.16.    

 
 

(Mahapatra, 1986)  
Toplam   

0.0 0.6466 2.4187 3.0653 2.2880 
0.1 0.6427 2.2308 2.8735 2.2590 
0.2 0.6316 1.7837 2.4152 2.1740 
0.3 0.6149 1.2970 1.9119 2.0320 
0.4 0.5941 0.9069 1.5011 1.8380 
0.5 0.5704 0.6368 1.2072 1.5990 
0.6 0.5441 0.4583 1.0024 1.3320 
0.7 0.5160 0.3387 0.8547 1.0700 
0.8 0.4864 0.2552 0.7416 0.8480 
0.9 0.4558 0.1946 0.6504 0.6820 
1.0 0.4248 0.1493 0.5741 0.5650 
1.2 0.3633 0.0884 0.4517 0.4220 
1.4 0.3051 0.0525 0.3576 0.3300 
1.6 0.2524 0.0315 0.2839 0.2630 
1.8 0.2065 0.0193 0.2258 0.2100 
2.0 0.1674 0.0123 0.1797 0.1680 

 

 

  
9.  

                 orbitallerinin Compton profil  
                                    
 
  

                              
                   profil  
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Tablo 3.17.    

         
 

 
         

 (Roy ve Thakkar, 2002) 

-2 24.45630924 - 
-1 6.130580338 - 
 1 5.963293479 - 
 2 16.10719030 15.97467048 
 3 69.49999987 - 
 4 539.4576874 - 

 

 
3.6.   

   Seramik 

,  

 A vitamini sentezinde, 

 

 

parlama    

nedeniyle (URL-1).   

 l 

 

 

 
 

 

 

 
  

 X Y Z 
 0.0000 0.0000 -2.5255 
 0.0000 0.0000  2.5255 

R(Li-Li)= 5.051a.b., E= -14.87152 Hartree 

Z 

X 

Y 

2 Li 

1 Li 
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Tablo 3.18.  (Cade ve Huo, 1967) 
 

 

 

 

 

 

 

 

 

 

  

-2.45232 

 

-0.18163 
 

  
-2.45199 

1 Li    1s (2.26431) 0.89740 -0.19114  1 Li    1s  (2.26431) 0.89740 
          1s  (4.47100) 0.16642 -0.01486             1s  (4.47100) 0.16642 
          2s (0.66543) -0.00021 0.77312             2s (0.66543) -0.00021 
          3s (1.53283) 0.00102 0.00219             2s  (1.53283) 0.00102 
          3s  (2.70256) -0.06020 -0.03397            3s (2.70256) -0.06020 
           3s  (3.97749) -0.00176 0.00447            2p (0.74023) 0.00019 
          2p (0.74023) 0.00019 0.15654            2p  (1.50000) 0.00175 
           2p  (1.50000) 0.00175 -0.00093  2 Li  1s  (2.26431) -0.89740 
           2p  (2.28685) -0.00874 0.00446           1s  (4.47100) -0.16642 
           2p  (2.97070) 0.00319 0.00177           2s (0.66543)  0.00021 
          3d  (1.15115) 0.00031 0.00948           2s  (1.53283) -0.00102 
2 Li  1s (2.26431) 0.89740 -0.19114          3s (2.70256)  0.06020 
         0.16642 -0.01486          2p (0.74023)  0.00019 
        2s (0.66543) -0.00021 0.77312            0.00175 
       3s (1.53283) 0.00102 0.00219  

 

 

         -0.06020 -0.03397   

         -0.00176 0.00447   

        2p (0.74023) -0.00019 -0.15654   

         -0.00175 0.00093   

         0.00874 -0.00446   

         -0.00319 -0.00177   
       3d (1.15115) 0.00031 0.00948  

p
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 elektron                          
                    
 

Tablo 3.19.    

 
 

(Duncanson, 1943)  
Toplam    

0.0 0.0000 0.0000 0.0000 0.0000 0.0000 
0.1 0.0253 0.0005 2.4247 2.4505 2.4001 
0.2 0.0934 0.0080 5.6558 5.7572 6.5209 
0.3 0.1835 0.0364 5.3873 5.6072 7.9701 
0.4 0.2718 0.0999 3.0795 3.4512 6.4589 
0.5 0.3408 0.2043 1.2487 1.7937 4.1396 
0.6 0.3863 0.3421 0.4338 1.1621 2.4524 
0.7 0.4171 0.4941 0.1805 1.0917 1.5994 
0.8 0.4495 0.6355 0.1056 1.1905 1.2883 
0.9 0.4989 0.7435 0.0703 1.3127 1.2381 
1.0 0.5726 0.8054 0.0522 1.4303 1.2902 
1.2 0.7675 0.8021 0.0650 1.6346 1.4530 
1.4 0.9170 0.7313 0.0976 1.7459 1.5658 
1.6 0.9214 0.7062 0.1037 1.7313 1.5933 
1.8 0.8030 0.7324 0.0851 1.6205 1.5449 
2.0 0.6613 0.7397 0.0619 1.4629 1.4430 

 

 
11.   

                   orbitallerinin elektron              
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Tablo 3.20.    

 
 

(Duncanson, 1943)  
Toplam    

0.0 0.6985 0.6313 4.2567 5.5865 6.8544 
0.1 0.6920 0.6313 3.5912 4.9145 6.2129 
0.2 0.6738 0.6303 2.1879 3.4920 4.7221 
0.3 0.6465 0.6264 1.0066 2.2796 3.2020 
0.4 0.6139 0.6174 0.3840 1.6153 2.1356 
0.5 0.5797 0.6010 0.1487 1.3294 1.5412 
0.6 0.5464 0.5765 0.0773 1.2002 1.2452 
0.7 0.5155 0.5444 0.0554 1.1153 1.0928 
0.8 0.4866 0.5067 0.0462 1.0395 0.9983 
0.9 0.4588 0.4659 0.0411 0.9658 0.9246 
1.0 0.4308 0.4249 0.0379 0.8936 0.8583 
1.2 0.3701 0.3506 0.0330 0.7538 0.7335 
1.4 0.3046 0.2915 0.0267 0.6228 0.6167 
1.6 0.2424 0.2439 0.0198 0.5060 0.5108 
1.8 0.1912 0.2016 0.0142 0.4069 0.4181 
2.0 0.1527 0.1626 0.0103 0.3255 0.3391 

 

 
13.                         

orbitallerinin Compton 
profil de i 
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Tablo 3.21.    
        

 
 

ma  (Roy ve Thakkar, 2002) 

-2 63.88566904 - 
-1 10.98956772 - 
 1 10.04050903 - 
 2 30.32405603 29.74312452 
 3 137.5495021 - 
 4 1087.820529 - 
 

3.7.   

   

 

i -1).  

 

r. 

 

 

 

 

 

 

 
 
 
Tablo 3.22.   

 

 

 

 

 

     
 0.0000 0.0000 1.7330  
 0.0000 0.0000 0.0000  

R(H-F)= 1.73 a.b., E= -99.5361 Hartree  

           

                     
-26.26617 

 
-1.48877 

 
-0.60581 

 
-0.46866 

 
-0.46866 

H         1s     0.00331 0.15370 -0.51592 0.00000 0.00000 
F          1s     -0.99710 -0.23713 -0.07571 0.00000 0.00000 
            2s     -0.01272 0.93971 0.42250 0.00000 0.00000 
            2Px   0.00000 0.00000 0.00000 1.00000 0.00000 
            2Py   0.00000 0.00000 0.00000 0.00000 1.00000 
            2Pz   -0.00201 0.09051 -0.71151 0.00000 0.00000 

Z 
H  

Y

X 

F 
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Tablo 3.23.   

  
Toplam 

    
0.0 0.0000 0.0000 0.0000 0.0000 0.0000 
0.1 0.0003 0.0584 0.0229 0.0001 0.0822 
0.2 0.0014 0.2199 0.0841 0.0016 0.3098 
0.3 0.0032 0.4496 0.1673 0.0075 0.6374 
0.4 0.0057 0.7042 0.2592 0.0223 1.0172 
0.5 0.0089 0.9455 0.3552 0.0502 1.4150 
0.6 0.0128 1.1470 0.4564 0.0945 1.8123 
0.7 0.0174 1.2946 0.5630 0.1565 2.1976 
0.8 0.0226 1.3843 0.6713 0.2350 2.5613 
0.9 0.0282 1.4188 0.7743 0.3269 2.8919 
1.0 0.0343 1.4049 0.8638 0.4271 3.1776 
1.2 0.0475 1.2665 0.9787 0.6292 3.5771 
1.4 0.0617 1.0422 0.9965 0.7968 3.7226 
1.6 0.0767 0.7948 0.9340 0.9012 3.6364 
1.8 0.0921 0.5670 0.8230 0.9351 3.3787 
2.0 0.1077 0.3802 0.6934 0.9082 3.0208 

 

 

15.   
                   orbitallerinin elektron momentum  
                    
 

 

 

 

 

   elektron                                  
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Tablo 3.24.    

  
Toplam 

    
0.0 0.1994 1.1019 0.7778 0.5326 3.1443 
0.1 0.1993 1.0873 0.7717 0.5326 3.1235 
0.2 0.1991 1.0452 0.7546 0.5324 3.0637 
0.3 0.1986 0.9802 0.7290 0.5316 2.9712 
0.4 0.1980 0.8989 0.6975 0.5297 2.8539 
0.5 0.1972 0.8080 0.6622 0.5258 2.7191 
0.6 0.1962 0.7134 0.6240 0.5194 2.5725 
0.7 0.1951 0.6199 0.5833 0.5099 2.4182 
0.8 0.1937 0.5311 0.5406 0.4970 2.2595 
0.9 0.1922 0.4491 0.4964 0.4806 2.0989 
1.0 0.1906 0.3752 0.4516 0.4608 1.9389 
1.2 0.1869 0.2534 0.3638 0.4128 1.6297 
1.4 0.1827 0.1647 0.2841 0.3577 1.3469 
1.6 0.1781 0.1038 0.2168 0.3007 1.1001 
1.8 0.1731 0.0641 0.1629 0.2463 0.8927 
2.0 0.1679 0.0395 0.1213 0.1975 0.7237 

 

 

 

 
17.    

                   orbitallerinin Compton profil  
                   leri 
 

Tablo 3.25.     
 

 
 

 
 

(Wang ve Smith, 1994) (Moccia, 1964) 

-2 8.0513 7.4441 - 
-1 6.2886 6.4317 6.4600 
 1 30.790 30.389 30.360 
 2 199.15 200.08 200.02 
 3 2489.9 2545.2 - 
 4 60635 62018 - 

8.  mo  Compton 
                   profil  
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3.8.    

   

-1).  

 

 

 

 

 

 
 

 
 
 

 
 
 
Tablo 3.26.    

      
-26.38175 

 
-26.38159 

 
-1.63256 

 
-1.36781 

 
-0.61417 

 
-0.61417 

 
-0.65672 

 
-0.47923 

 
-0.47923 

  1F    1s 0.73300  -0.67629  -0.16892 0.18230 0.00000 0.00000 -0.03783 0.00000 0.00000 
        2s 0.00893  -0.00681 0.66888  -0.76060 0.00000 0.00000 0.18031 0.00000 0.00000 

         2px 0.00000 0.00000 0.00000 0.00000 0.68974 0.00000 0.00000 0.72588 0.00000 
         2py 0.00000 0.00000 0.00000 0.00000 0.00000 0.68974 0.00000 0.00000 0.72588 
         2pz  -0.00135  -0.00016 -0.08448  -0.07105 0.00000 0.00000 0.65031 0.00000 0.00000 
2F   1s 0.73320 0.67629 -0.16889  -0.18234 0.00000 0.00000 -0.03784 0.00000 0.00000 
       2s  -0.00835  -0.00751 0.66873 0.76072 0.00000 0.00000 0.18034 0.00000 0.00000 

         2px 0.00000 0.00000 0.00000 0.00000 0.68943   0.00000 0.00000  -0.72610 0.00000 
         2py 0.00000 0.00000 0.00000 0.00000 0.00000 0.68943 0.00000 0.00000 0.72617 
         2pz 0.00135  -0.00016 0.08450  -0.07102 0.00000 0.00000 -0.65035 0.00000 0.00000 
 
  

    
 0.0000 0.0000 -1.3400 
 0.0000 0.0000 1.3400 

R(F-F)= 2.680 a.b., E= -199.5695 Hartree 
1F 

2F 

Y 

Z 

X 
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20.   
 

Tablo 3.27.   

 
 

Toplam        
0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.1 0.0008 4.6E-06 0.0609 0.0005 0.0002 0.0043 7.5E-07 0.0670 
0.2 0.0031 7.3E-05 0.2328 0.0082 0.0029 0.0151 4.6E-05 0.2652 
0.3 0.0067 0.0004 0.4855 0.0388 0.0138 0.0270 0.0005 0.5870 
0.4 0.0113 0.0011 0.7766 0.1110 0.0401 0.0355 0.0026 1.0209 
0.5 0.0165 0.0026 1.0610 0.2388 0.0875 0.0408 0.0089 1.5524 
0.6 0.0220 0.0051 1.2992 0.4245 0.1586 0.0495 0.0235 2.1643 
0.7 0.0273 0.0088 1.4646 0.6567 0.2514 0.0738 0.0512 2.8364 
0.8 0.0322 0.0139 1.5456 0.9117 0.3597 0.1279 0.0967 3.5440 
0.9 0.0367 0.0205 1.5448 1.1590 0.4746 0.2223 0.1630 4.2585 
1.0 0.0404 0.0285 1.4757 1.3685 0.5863 0.3601 0.2506 4.9471 
1.2 0.0464 0.0481 1.2110 1.5885 0.7674 0.7305 0.4759 6.1112 
1.4 0.0521 0.0703 0.9006 1.5093 0.8653 1.0997 0.7206 6.8040 
1.6 0.0601 0.0918 0.6358 1.2180 0.8848 1.3088 0.9191 6.9223 
1.8 0.0727 0.1098 0.4406 0.8578 0.8529 1.2893 1.0262 6.5284 
2.0 0.0912 0.1225 0.3032 0.5405 0.7958 1.0866 1.0325 5.8008 

 

 

 
19.                          

orbitallerinin elektron 
m         
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Tablo 3.28.    

 
 

(Snyder ve 
Weber, 1978) 

 
Toplam        

0.0 0.2026 0.1965 1.1530 0.7834 0.5712 0.5585 0.4897 5.0159 5.3500 
0.1 0.2024 0.1965 1.1377 0.7834 0.5714 0.5574 0.4897 4.9991 5.3320 
0.2 0.2018 0.1965 1.0930 0.7824 0.5708 0.5543 0.4897 4.9491 5.2760 
0.3 0.2009 0.1964 1.0230 0.7784 0.5694 0.5501 0.4897 4.8669 5.1830 
0.4 0.1996 0.1963 0.9334 0.7684 0.5658 0.5456 0.4895 4.7541 5.0510 
0.5 0.1981 0.1962 0.8312 0.7497 0.5590 0.5414 0.4889 4.6124 4.8810 
0.6 0.1963 0.1958 0.7235 0.7202 0.5481 0.5373 0.4876 4.4444 4.6720 
0.7 0.1944 0.1953 0.6166 0.6790 0.5325 0.5327 0.4848 4.2526 4.4280 
0.8 0.1924 0.1946 0.5157 0.6269 0.5122 0.5262 0.4800 4.0403 4.1520 
0.9 0.1904 0.1936 0.4243 0.5659 0.4877 0.5162 0.4725 3.8110 3.8520 
1.0 0.1884 0.1923 0.3445 0.4992 0.4598 0.5011 0.4618 3.5686 3.5380 
1.2 0.1844 0.1888 0.2208 0.3624 0.3978 0.4526 0.4293 3.0634 2.9070 
1.4 0.1806 0.1843 0.1392 0.2412 0.3344 0.3818 0.3834 2.5628 2.3320 
1.6 0.1769 0.1789 0.0881 0.1492 0.2756 0.3004 0.3284 2.1015 1.8560 
1.8 0.1730 0.1730 0.0566 0.0878 0.2243 0.2227 0.2707 1.7030 1.4880 
2.0 0.1688 0.1668 0.0372 0.0512 0.1807 0.1595 0.2160 1.3769 1.2100 

 

 
21.    

                    orbitallerinin Compton                                
                    profil leri 
 

 

 
 

 

Tablo 3.29.    

             
 

Bu  (Wang ve Smith, 1994) 

-2 10.161 11.605 11.688 
-1 10.033 10.710 10.721 
 1 59.155 58.405 58.543 
 2 394.40 397.14 398.27 
 3 4978.0 5091.1 5098.8 
 4 121484 124362 124488 

22.  Compton 
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3.9.    

   nokta grubu simetrisine sahip bir 

r

kull .  

ya devam edilmektedir 

(URL-1).   

OH 2   dalga fonksiyonu ve bu 

 

 

 

 

 

 
 
 

 
 
 
 
Tablo 3.30.  onksiyonu (Tufan vd., 2007) 

 

 

 
 
 
 
 
 

 
  

    
 0.0000 0.0000 -0.0651 
 0.0000 0.7570 0.5208 
 0.0000 -0.7570 0.5208 

R(O-H)=1.810 a.b., R(H-H)=2.873 a.b., E= -76.0506 Hartree 

                
 

 
-20.2411 

 
-1.2774 

 
-0.6247 

 
-0.4568 

 
-0.3930 

     1H         1s   -0.006140 0.159527 -0.444475 0.272579 0.000000 
     2H         1s   -0.006140 0.159527 0.444475 0.272579 0.000000 
     O           1s 0.994094   -0.232138 0.000000 0.104484 0.000000 
                   2s 0.026884 0.827726 0.000000 -0.544181 0.000000 
                   2px 0.000000 0.000000 0.000000 0.000000 1.000000 
                   2py 0.000000 0.000000 0.608269 0.000000 0.000000 
                   2pz 0.004526 0.135922 0.000000 0.777559 0.000000 

1H 

Z 

Y 

X 

O 

2H 
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il 3.24.                   
                    

Tablo 3.31.   

  
Toplam 

     
0.0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.1 0.0005 0.1067 0.0011 0.0145 0.0002 0.1191 
0.2 0.0020 0.3928 0.0160 0.1153 0.0030 0.4612 
0.3 0.0046 0.7741 0.0665 0.1994 0.0144 0.9819 
0.4 0.0084 1.1551 0.1621 0.3154 0.0420 1.6140 
0.5 0.0135 1.4639 0.2898 0.4680 0.0924 2.2813 
0.6 0.0198 1.6643 0.4239 0.6506 0.1690 2.9150 
0.7 0.0271 1.7517 0.5405 0.6506 0.8271 3.4646 
0.8 0.0353 1.7411 0.6260 0.8455 0.3925 3.9007 
0.9 0.0441 1.6552 0.6779 1.0297 0.5254 4.2118 
1.0 0.0534 1.5183 0.7005 1.1831 0.6592 4.3993 
1.2 0.0727 1.1730 0.6854 1.3516 0.8914 4.4458 
1.4 0.0923 0.8265 0.6272 1.3333 1.0334 4.1608 
1.6 0.1120 0.5388 0.5520 1.1855 1.0702 3.6818 
1.8 0.1313 0.3272 0.4719 0.9801 1.0196 3.1282 
2.0 0.1503 0.1852 0.3939 0.7707 0.9130 2.5851 

 

 

 

 

 

 
 
 
 
  

il 3.23.   
                  orbitallerinin elektron momentum  
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Tablo 3.32.    

 

   

Toplam      
(Tanner ve 

Epstein, 
1974) 

(Snyder ve 
Weber, 1975) 

(Ahlenius ve 
Lindner, 1975) 

0.0 0.2282 1.3424 0.8176 0.7749 0.6099 3.7731 3.7930 3.7500 3.7130 
0.1 0.2281 1.3162 0.8174 0.7716 0.6099 3.7431 3.7750 3.7330 3.6960 
0.2 0.2278 1.2418 0.8141 0.7620 0.6096 3.6553 3.7170 3.6810 3.6436 
0.3 0.2271 1.1305 0.8024 0.7469 0.6081 3.5151 3.6140 3.5890 3.5523 
0.4 0.2262 0.9970 0.7771 0.7268 0.6044 3.3314 3.4620 3.4520 3.4185 
0.5 0.2250 0.8552 0.7370 0.7011 0.5972 3.1155 3.2610 3.2700 3.2413 
0.6 0.2235 0.7165 0.6845 0.6689 0.5856 2.8791 3.0210 3.0440 3.0243 
0.7 0.2217 0.5885 0.6242 0.6298 0.5689 2.6331 2.7530 2.7860 2.7758 
0.8 0.2197 0.4751 0.5608 0.5843 0.5469 2.3869 2.4730 2.5080 2.5077 
0.9 0.2173 0.3779 0.4985 0.5339 0.5200 2.1475 2.1940 2.2240 2.2334 
1.0 0.2147 0.2967 0.4395 0.4805 0.4889 1.9203 1.9280 1.9490 1.9656 
1.2 0.2090 0.1770 0.3363 0.3738 0.4180 1.5141 1.4600 1.4620 1.4866 
1.4 0.2027 0.1023 0.2540 0.2783 0.3433 1.1805 1.0960 1.0870 1.1114 
1.6 0.1959 0.0584 0.1900 0.2009 0.2725 0.9176 0.8270 0.8180 0.8389 
1.8 0.1887 0.0339 0.1411 0.1424 0.2106 0.7166 0.6370 0.6320 0.6463 
2.0 0.18131 0.0210 0.1041 0.1002 0.1595 0.5660 0.5030 0.5010 0.5107 
 

 

 

 
25.   

                  orbitallerinin Compton profil  
                  leri 

 
  

   Compton                    
                    profil  
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Tablo 3.33.   

 

 
         

Bu  
 

(Wang ve Smith, 
1994) (Moccia, 1964) 

-2 11.225 10.096 - 
-1 7.5463 7.5575 7.2100 
 1 26.354 26.036 25.935 
 2 151.89 152.03 151.82 
 3 1703.1 1739.2 - 
 4 36931 37962 - 

 

3.10.    

 

 (Metan)   nokta grubu simetr

 

artan bir ilgiyle  M

verir; d ve bulunur (URL-1). 

 etrisi, taban durum HFR dalga fonksiyonu ve bu 

 
 

 

 
 
  

   Z  
 0.0000 0.0000 0.0000 
 1.1931 1.1931 0.1931 
 -1.1931 1.1931 -1.1931 
 1.1931 -1.1931 -1.1931 
 -1.1931 -1.1931 -1.1931 

R(C-H) = 2.067 a.b., R(H-H) = 2.379 a.b., E= -40.3780 Hartree 

1H 

Z 

X 

C 

4H 

Y 
2H 

3H 
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   elektron                  
                    
 

  
                  orbitallerinin elektron momentum  
                   

Tablo 3.34.   (Tufan vd., 2007) 
 

 

 

 

 

 

Tablo 3.35.   

  
Toplam    

0.0 0.0000 0.0000 0.0000 0.0000 
0.1 0.0015 0.2093 0.0024 0.2181 
0.2 0.0061 0.7532 0.0343 0.8621 
0.3 0.0135 1.4274 0.1446 1.8746 
0.4 0.0235 2.0125 0.3590 3.1130 
0.5 0.0356 2.3641 0.6559 4.3673 
0.6 0.0494 2.4424 0.9792 5.4295 
0.7 0.0646 2.2894 1.2686 6.1599 
0.8 0.0806 1.9864 1.4813 6.5110 
0.9 0.0974 1.6169 1.5995 6.5128 
1.0 0.1145 1.2459 1.6263 6.2396 
1.2 0.1496 0.6408 1.4749 5.2150 
1.4 0.1848 0.2741 1.1860 4.0171 
1.6 0.2195 0.0940 0.8826 2.9613 
1.8 0.2524 0.0222 0.6249 2.1493 
2.0 0.2826 0.0022 0.4289 1.5716 

 

 
 

 

 
 

-11.0841 
 

-0.6780 
 

-0.2641 
 

-0.2641 
 

-0.2641 
1H  1s -0.001435   0.118902  0.383199    -0.383199    -0.383199 
2H  1s -0.001435   0.118902 -0.383199 0.383199    -0.383199 
3H  1s -0.001435   0. 118902 -0.383199    -0.383199 0.383199 
4H  1s  0.001435   0.118902  0.383199 0.383199 0.383199 
  C  1s  0.994183     -0.258283  0.000000 0.000000 0.000000 
       2s  0.022651  0.946362  0.000000 0.000000 0.000000 

        2px  0.000000  0.000000  0.530824 0.000000 0.000000 
        2py  0.000000  0.000000  0.000000 0.530824 0.000000 
        2pz  0.000000  0.000000  0.000000 0.000000 0.530824 
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Tablo 3.36.   

 
   

Toplam    (Eisenberger ve 
Marra, 1971) 

(Ahlenius ve 
Lindner, 1975) 

(Paakari ve 
Merisalo, 1978) 

0.0 0.3080 1.7881 0.9723 5.0133 4.9860 5.0240 5.0060 
0.1 0.3076 1.7348 0.9720 4.9587 4.9300 4.9792 4.9530 
0.2 0.3065 1.5859 0.9678 4.7960 4.7690 4.8411 4.7980 
0.3 0.3046 1.3697 0.9521 4.5308 4.5030 4.6037 4.5490 
0.4 0.3020 1.1222 0.9178 4.1779 4.1730 4.2695 4.2220 
0.5 0.2987 0.8762 0.8624 3.7624 3.7720 3.8567 3.8360 
0.6 0.2949 0.6553 0.7883 3.3152 3.3350 3.3947 3.4110 
0.7 0.2905 0.4716 0.7016 2.8668 2.8910 2.9202 2.9720 
0.8 0.2857 0.3280 0.6094 2.4421 2.4550 2.4651 2.5380 
0.9 0.2804 0.2215 0.5183 2.0570 2.0510 2.0521 2.1280 
1.0 0.2749 0.1460 0.4329 1.7199 1.6850 1.6936 1.7560 
1.2 0.2629 0.0609 0.2897 1.1932 1.1140 1.1448 1.1580 
1.4 0.2500 0.0268 0.1865 0.8365 0.7650 0.7860 0.7630 
1.6 0.2365 0.0152 0.1173 0.6039 0.5750 0.5615 0.5320 
1.8 0.2227 0.0121 0.0731 0.4543 0.4730 0.4232 0.4060 
2.0 0.2086 0.0116 0.0455 0.3569 0.3860 0.3368 0.3340 

 

 
.   

                   orbitallerinin Compton profil  
                   leri 
  

  Compton         
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Tablo 3.37.   

 
 

 
 

Li  

(Wang ve Smith, 
1994) (Allavena, 1965) 

-2 18.464 17.682 - 
-1 10.026 10.088 10.800 
 1 19.153 18.829 18.225 
 2 80.981 80.269 78.528 
 3 675.24 689.49 - 
 4 10892 11381 - 
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4.  

, 

veya kristallerin 

p

 da bilinen Compton profili, direkt olarak 

,   

 

 Elektron m pton profilinden faydalanarak elde edilen 

,  

 ifadesinde  Compton profilinin maksimumu, 

  lineer momentum,  kinetik enerjisi,  

 relativistik kinetik enerji ile ilgili 

direkt bilgiler verir. 

 

parametredir.  

 

; 

 

, 

dikkate almayan 
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 bu 

, 

temsil eden 

 

 

profi HFR 

hesap  

 ifade; 

HFR-

ni, , lektron 

mome , 

inin hassas Bu 

bir ifade 

r. Elde edilen ifade;  

 fonksiyonu ve    

, el Bessel 

 

 fonksiyonu, 

ve  

 ; HFR-LCAO 

ni, 

, nin hassas 

hesaplanabilmesi, 

hesaplanabilmesine 
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 fonksiyonu,  ve  

integralini 

 

 

k 

  

 Molek i   

-  

ilmesi,  

 

E

Gaunt katsay   

 bu 

 

 

 

4.1. Elektron Momentum D ile lgili Hesaplamalar 

 

-13 sembolik programlama dilinde bilgisayar 

, , HeH , LiH , , , ,  

ve  olan 

 

2H  

r. Liu ve Smith (Liu ve Smith, 1978) 
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 (Thomas, 1972) erik 

 n 

-20, 

  

p = 0.68 

noktas  

 

3. 7 d

el  (Coulson, 1941) 

 

3

  p = 0.65 

 

  

mevcut   

p = 

 

 

mevcut o   

i 7 de 

da, p = 0.56 

 

 

(Duncanson vd., 

1943) 

 

hata % 19.5 .  elektron 

moment leri 11  
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,  p = 0.24 bir 

 

 

literat   

in 

te  

p = 1.46 

 

 

literat   

9 da  

20 e p = 1.6 

lit  

 

literat mevcut    

 

p = 1.12 

 

 

literat mevcut    

 

p = 0.85 
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4.2. Compton Profilleri ile lgili Hesaplamalar 

ifadelerin Maple-13 sem

uygulama olarak; , , , , , , ,  ve  

 

 Compton profili 4 te 

4 t , elde 

Coulson (Coulson, 1941) ve Schneider (Schneider, 1973) 

-2 hata   

 

 Compton profili 8

literat 8

Eisenberger (Eisenberger, 1970) (Brown ve Smith, 1972) 

% 2-  

4 t  

 Compton profili 

(Reed ve Banyard, 1980) 

%  

 

 Compton profili 

(Mahapatra, 1986)   % 20 hata 

,   bu hata  

orbital ve toplam Compton profillerinin foton momentum 
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 Compton profili 20 e 

20 e

(Duncanson vd., 1943) rleriyle   % 20 hata ile 

 q  

orbital ve toplam Compton profillerinin foton momentum 

13 4 te 

 

HF  Compton profilleri 

 

 

 Compton profili 

(Snyder ve Weber, 1978) 

 

21 22 de 

 

OH 2  Compton profili 

Snyder, 

Tanner (Tanner ve Epstein, 1974) (Ahlenius ve Lindner, 1975) 

-
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 Compton profili 

 Eisenberger (Eisenberger ve Marra, 1971), Ahlenius (Ahlenius ve 

Lindner, 1975) ve Paa (Paakari ve Merisalo, 1978) 

% 2- .  

am Compton profillerinin foton momentum transfer 

 

4.3. Momentuml Beklenen D ile lgili Hesaplamalar 

-13 sembolik programlama dilinde bilgisayar 

, , , , , , ,  

ve  ri hesaplanarak lite

 

 

Tablo 3.5 t 5 t

gibi; elde edilen sonu , (Coulson, 1941) 

-2  

 

Tablo 3.   

gibi; , Wang ve Smith (Wang ve Smith, 1994), Benesch (Benesch, 

1976), Smith (Smith vd., 1977) ve Barlas  ki (Barlas vd., 1978) 

% 3-   

  elde edilen 

3 t 3 ten 

; ,  (Fischer vd., 1993) 

% 5.39 
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  elde edilen 

7 e 7 en 

 , Roy ve (Roy ve 

Thakkar, 2002) la % 0.83 hata ile uyum 

 

  

i; , Roy ve (Roy ve 

Thakkar, 2002) la % 1.95 hata ile uyum 

 

  

gibi; , Wang ve Smith (Wang ve Smith, 1994) 

(Moccia, 1964)  la ya % 1.5-3 

 

  

; elde edi , Wang ve Smith  (Wang ve Smith, 1994)  

daki la % 4.21 hata ile uyum 

 

OH 2   elde edilen 

; , Wang ve Smith (Wang ve Smith, 1994) ve 

(Moccia, 1964)  la 

% 2-3  

  elde edilen 

; , Wang ve Smith (Wang ve Smith, 1994) ve 

(Allavena, 1965) la 

% 2-5  
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rinden 

, , , , , 

, ,  ve  

sunulan teoriler, HFR dalga fonksiyonu bilinen atom ve 

uygulanabilir. 
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1. 
 

2. 

 

3. 
 hesaplanabilir. 

4. Kohn-

 

5. 

 

6. Compton diferansiyel tesir kesiti Compton profiline 

 (Eisenberger, 1970), Compton diferansiyel tesir 

hesaplanabilir. 

7. erin elektron momentum 

hesaplanabilir. 

8. 
el 

ve analitik 
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Tablo I.1.  f  

  Bu ma  Maple) 

0 

1 0.2 0.9 0.7 0.219371172725712533767808 0.219371172725712533767808 0 
2 0.7 0.6 1.4 0.093913213852907411302922 0.093913213852907411302922 0 
3 0.6 5.4 2.2 0.000014029366527442503727 0.000014029366527442503727 0 
4 0.4 3.2 1.4 0.000011109297469443733357 0.000011109297469443733357 0
5 0.7 0.5 2.4 0.024074461119064199447375 0.024074461119064199447375 0 

2 
 

3 0.1 0.5 1.5 1.090130079141785566730775 1.090130079141785566730775 0 
4 1.4 0.7 0.8 0.005634500289886438410092 0.005634500289886438410092 0 
5 2.1 0.1 0.4 0.000274669407193596159433 0.000274669407193596159433 0
6 2.4 0.8 0.7 0.000005396385469761582456 0.000005396385469761582456 0 
7 0.4 0.2 0.5 352.6762518083755763906138 352.6762518083755763906138 0

4 

5 0.8 2.9 0.4 0.000085138747066513505785 0.000085138747066513505785 0 
6 1.1 1.1 0.7 0.001501453905984125977721 0.001501453905984125977721 0 
7 3.5 0.5 0.8 -4.341246288104969646012E-8 -4.341246288104969646012E-8 0
8 2.6 0.8 0.3 1.489951669482826911614E-7 1.489951669482826911614E-7 0 
9 0.6 0.5 0.1 0.656194504824593311396973 0.656194504824593311396973 0 

6 

7 0.7 0.2 5.7 -0.028319463015019592338186 -0.028319463015019592338186 0 
8 0.5 0.4 0.8 1.035195595616253703253244 1.035195595616253703253244 0 
9 0.8 0.1 1.9 0.007322924706659886005354 0.007322924706659886005354 0 

10 0.5 0.5 0.7 1.563736186768990498050903 1.563736186768990498050903 0 
11 0.4 0.8 0.8 0.167168417032961729046145 0.167168417032961729046145 0 

8 

9 0.4 2.2 0.7 -0.000011687325310980490453 -0.000011687325310980490453 0 
10 4.7 0.3 0.7 -2.06165912788822835409E-11 -2.06165912788822835409E-11 0 
11 0.7 0.7 8.2 0.007166177610543437331742 0.007166177610543437331742 0 
12 0.1 0.9 1.5 0.034770167521636634035257 0.034770167521636634035257 0 
13 0.6 0.8 1.7 0.000866300316208471967267 0.000866300316208471967267 0 
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Tablo I.2.  f  

    Bu  Maple)  

1 

1 0.2 0.9 0.7 0.937182266336517447767679
 

0.937182266336517447767679
 

0 
2 0.7 0.6 1.4 0.387932426140533645718215 0.387932426140533645718215 0 
3 0.6 5.4 2.2 0.000042381629297432987837

 
0.000042381629297432987837

 
0 

4 0.4 3.2 1.4 -0.000099950878666712994146
 

-0.000099950878666712994146
 

0
5 0.7 0.5 2.4 0.382291824835152992874073 0.382291824835152992874073 0 

3 
 

3 0.1 0.5 1.5 1.420936233455809861844326 1.420936233455809861844326 0 
4 1.4 0.7 0.8 0.014961701602126468678949 0.014961701602126468678949 0 
5 2.1 0.1 0.4 0.000300577388265323086135 0.000300577388265323086135 0
6 2.4 0.8 0.7 0.000017257453514490390323 0.000017257453514490390323 0 
7 0.4 0.2 0.5 16.36557368169003904630006 16.36557368169003904630006 0

5 

5 0.8 2.9 0.4 0.002497158224767217012163 0.002497158224767217012163 0 
6 1.1 1.1 0.7 0.003970419053793498281540 0.003970419053793498281540 0 
7 3.5 0.5 0.8 1.585051181027013470294E-7 1.585051181027013470294E-7 0
8 2.6 0.8 0.3 1.903580272996567976474425 1.903580272996567976474425 0 
9 0.6 0.5 0.1 1.585051181027013470294E-7 1.585051181027013470294E-7 0 

7 

7 0.7 0.2 5.7 -0.016850883224695766358252 -0.016850883224695766358252 0 
8 0.5 0.4 0.8 0.311226682362139264828246 0.311226682362139264828246 0
9 0.8 0.1 1.9 0.014435655279701899635534 0.014435655279701899635534 0 

10 0.5 0.5 0.7 0.430509086068957089088014 0.430509086068957089088014 0
11 0.4 0.8 0.8 0.124011717401001473499749 0.124011717401001473499749 0

9 

9 0.4 2.2 0.7 0.000171338449668421554337 0.000171338449668421554337 0 
10 4.7 0.3 0.7 -9.57889402100615500644E-12 -9.57889402100615500644E-12 0
11 0.7 0.7 8.2 0.002971766926083052684304 0.002971766926083052684304 0
12 0.1 0.9 1.5 0.270918499431474448162627 0.270918499431474448162627 0
13 0.6 0.8 1.7 0.013388115095788598478830 0.013388115095788598478830 0
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Tablo I.3.   
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Tablo I.4.  f ri 
    Maple) 

0 

0 0.5 0.4 1.4 0.379418712800631002751335315 0.379418712800631002751335315 0 
1 0.8 0.1 0.9 0.155234845887998413259796663 0.155234845887998413259796663 0 
2 0.5 0.5 1.3 4.904670544260174219244115064 4.904670544260174219244115064 0 
3 0.4 0.6 2.2 51.14919576391194976842948052 51.14919576391194976842948052 0 
4 0.7 0.2 2.4 3.023829870800069361221064906 3.023829870800069361221064907 10-32

2 
 

2 0.3 0.7 0.8 1.267290034864268816062657413 1.267290034864268816062657413 0 
3 0.1 0.1 2.9 96.31057552419864753614002216 96.31057552419864753614002216 0 
4 0.7 0.8 1.1 0.398845937792687287792537866 0.398845937792687287792537866 0 
5 0.4 0.5 1.9 30.47943248295191812037731031 30.47943248295191812037731031 0 
6 0.8 0.7 1.5 0.221426994784110128453836004 0.221426994784110128453836004 0 

4 

4 0.2 0.3 1.4 6.727928852182506039049979620 6.727928852182506039049979620 0 
5 0.7 0.7 2.1 0.053284402685231124954180246 0.053284402685231124954180246 0 
6 0.6 0.9 1.5 0.432315029088835270744919823 0.432315029088835270744919823 0 
7 0.6 0.8 1.7 0.717247845983505110058187315 0.717247845983505110058187315 0 
8 0.8 0.5 0.1 0.037162589976792465408918708 0.037162589976792465408918708 0 

6 

6 0.5 0.4 1.4 0.088804315927194448873102233 0.088804315927194448873102233 0 
7 0.8 0.7 1.9 0.006739695711437966658262934 0.006739695711437966658262935 10-36

8 0.5 0.5 1.3 1.123759125937878247565376511 1.123759125937878247565376512 10-37

9 0.4 0.6 2.2 37.09257681859494450814901456 37.09257681859494450814901457 10-32

10 0.7 0.2 2.4 0.001144884383757557701372624 0.001144884383757557701372625 10-39

8 

8 0.2 0.3 1.4 218.8547336315718343817841784 218.8547336315718343817841784 0 
9 0.7 0.7 2.1 0.008513384198779161252309201 0.008513384198779161252309201 0 

10 0.6 0.9 1.5 0.146917554419894745113637136 0.146917554419894745113637138 10-38

11 0.6 0.8 1.7 0.217835777017575017815171303 0.217835777017575017815171299 10-37

12 0.8 0.5 0.1 0.002022064116690911112100300 0.002022064116690911112100300 0 
 

 

 

  



126 
 

Tablo I.5.   
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Tablo I.6.  fonksiyonunun  
  Bu  Maple) 

1 

1 0.5 0.4 1.4 0.085113570216227072216814526 0.085113570216227072216814528 10-35 
2 0.8 0.1 0.9 0.000718335112667709281328132 0.000718335112667709281328132 0 
3 0.5 0.5 1.3 0.988315211485170608818157172

 
0.988315211485170608818157172

 
0 

4 0.4 0.6 2.2 17.60655951797482392677789113 17.60655951797482392677789112 10-38

5 0.7 0.2 2.4 0.175604243716648517854747771 0.175604243716648517854747771 0 

3 

3 0.8 0.7 1.5 0.049953616928977565963186638 0.049953616928977565963186638 0 
4 0.3 0.7 0.8 2.346348235730145665248068406 2.346348235730145665248068406 0 
5 0.1 0.1 2.9 5298.339287282737622152560287 5298.339287282737622152560288 10-32

6 0.7 0.8 1.1 0.179648350408104699567380615 0.179648350408104699567380615 0 
7 0.4 0.5 1.9 67.51655219850039032850594008 67.51655219850039032850594007 10-33

5 

5 0.8 0.5 0.1 0.000289522756464302393197632 0.000289522756464302393197632 0 
6 0.2 0.3 1.4 54.70592600627525070104202969 54.70592600627525070104202969 0 
7 0.7 0.7 2.1 0.786372757983655978501027199 0.786372757983655978501027203 10-37

8 0.6 0.9 1.5 0.474442563893828481198729997 0.474442563893828481198729997 0 
9 0.6 0.8 1.7 0.844046242143419140382031897 0.844046242143419140382031897 0 

7 

7 0.7 0.2 2.4 0.000012459512403019928470425 0.000012459512403019928470425 0 
8 0.5 0.4 1.4 0.107780575399619324543389171 0.107780575399619324543389172 10-34

9 0.8 0.7 1.9 0.006760975925588491398696677 0.006760975925588491398696677 0 
10 0.5 0.5 1.3 1.348156531995001083457717731 1.348156531995001083457717703 10-39

11 0.4 0.6 2.2 133.3341089200395703115662905 133.3341089200395703115662922 10-25

9 

9 0.8 0.5 0.1 0.000020470655984887256608228 0.000020470655984887256608228 0 
10 0.2 0.3 1.4 1843.631725398132212621126240 1843.631725398132212621126255 10-31

11 0.7 0.7 2.1 0.015719860100644249622998151 0.015719860100644249622998152 10-32

12 0.6 0.9 1.5 0.182395470224234500844296725 0.182395470224234500844296701 10-34

13 0.6 0.8 1.7 0.305235904124664618808007804 0.305235904124664618808007792 10-34
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Tablo I.7.   
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Tablo I.8.   

 

 

 

 

 

 

 

 

 

 

Tablo I.9.   
  

  
0  

1  

2  

3  

4  

5  

  
0  

1  

2  

3  

4  

5  



130 
 

EK J.  Y M ntegrali  
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Tablo J.1.   
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EK K.  Y M ntegrali  
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Tablo K.1.   
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Tablo K.2.   
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EK L.  Y M ntegrali 
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Tablo L.1.   
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EK M.  Y M ntegrali 
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Tablo M.1.   
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