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 ونذ گشارش شذه در منابع:يونذ و طول پيه پيز ساويمقاد  -0-4

][

DFTPBEPBE HCTHDGDZVP

H2O ،H2S  ،H2Se  وH2Te(pm)◦][

ref  

(°) 

ref  

(pm) 

 

(°) 

ref  

(pm) 

 

(°) 

 

[14] 104.45 - - - [10] 97 104.5 H2O  
[14] 92.2 [11] 133.6 92.1 [10] 135 92 H2S 

[14] 91 [12] 146 90.6 [10] 146 91 H2Se  

[14] 89.5 [13] 165.8 90.2 [10] 169 90 H2Te 

 :DFTاسبات و مح يساختار مولکول -0-9
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H2O،H2S  ،H2Se  وH2Te (A)˚،◦ 

    (Rn)(Am)                                   

 H2O H2S                                              

                      

H2Se H2Te 

  

PBEPBE/DGDZVP 
    

Bond length (A˚)  

R1    R(1,2)                  0.9767          

R2    R(1,3)                  0.9767 

Bond angle (◦)               

A1    A(2,1,3)              104.5377          

Bond length (A˚)  

R1    R(1,2)                  1.3585          

R2    R(1,3)                  1.3585 

Bond angle (◦)             

A1    A(2,1,3)               92.4475          

Bond length (A˚)  

R1    R(1,2)                  1.4906          

R2    R(1,3)                  1.4906          

Bond angle (◦)      

A1   A(2,1,3)               90.1298          

Bond length (A˚)  

R1    R(1,2)                  1.6935          

R2    R(1,3)                  1.6935   

Bond angle (◦)      

A1    A(2,1,3)               89.4589          

HCTH/DGDZVP 

Bond length (A˚)  

R1    R(1,2)                  0.967           

R2    R(1,3)                  0.967  

Bond angle (◦)                      

A1    A(2,1,3)              104.56       

Bond length (A˚)  

R1    R(1,2)                  1.3461          

R2    R(1,3)                  1.3461 

Bond angle (◦)                      

A1    A(2,1,3)               92.5664          

Bond length (A˚)  

R1    R(1,2)                  1.48            

R2    R(1,3)                  1.48 

Bond angle (◦)                        

A1   A(2,1,3)               90.3462          

Bond length (A˚)  

R1    R(1,2)                  1.6839         

R2    R(1,3)                  1.6839  

Bond angle (◦)       

 A1   A(2,1,3)             89.7012          

 

  

H2OH2S H2SeH2Te][

.

 

(a.u.) 

 

(Debye) 

 

(amu) 

E(RB3LYP) 

(a.u.) 

           

5.727744167 2.1879 18.01056 -76.3498480988      PBEPBE/DGDZVP H2O  
 5.569129333 2.1647 18.01056 -76.4241375404      HCTH/DGDZVP 

13.93132653 1.4666 33.98772 -399.160876272      PBEPBE/DGDZVP 
H2S  

13.5747059 1.4726 33.98772 -399.401692144      HCTH/DGDZVP 

19.44791597 0.9328 81.93217 -2401.90800048      PBEPBE/DGDZVP H2Se  
 19.13516693 0.9319 81.93217 -2403.58251395      HCTH/DGDZVP 

29.8719073 0.4710 131.92235 -6614.21798359      PBEPBE/DGDZVP 
H2Te  

29.55600843 0.4621 131.92235 -6618.68469294      HCTH/DGDZVP 

 ها:اتم يکيبار الکتز -0-0

NBO

NBO 

opt pbepbe/dgdzvp pop=nbo density=current

opt hcth/dgdzvp pop=nbo density=current

  

H2O

H2O 

H2O



 

 

 

 

.H2O،H2S  ،H2Se  وH2Te 
(e)  

 H2O H2S   H2Se H2Te 

                 

PBEPBE/DGDZ

VP     

O    1   -0.95943       

H    2    0.47972       

H    3    0.47972        

* Total *    0.00000 

S    1   -0.32476       

H   2    0.16238       

H   3    0.16238        

* Total *    0.00000 

Se   1   -0.22282      

H    2    0.11141       

H    3    0.11141        

* Total *    0.00000      

Te   1    0.00139      

H    2   -0.00070       

H    3   -0.00070        

* Total *    0.00000      

HCTH/DGDZVP O    1   -0.95203       

H    2    0.47601       

H    3    0.47601        

* Total *    0.00000       

S    1   -0.32135       

H   2    0.16067       

H   3    0.16067       

* Total *    0.00000     

Se   1   -0.22027      

H    2    0.11014       

H    3    0.11014        

* Total *    0.00000      

Te   1    0.00728      

H    2   -0.00364       

H    3   -0.00364        

* Total *    0.00000      

 

 :LUMO و HOMO يمولکول يتالهاياورب  -0-1

(FMOs)(HOMO) 

 (LUMO) HOMO 

LUMOHOMOLUMO

HOMO

LUMO

HOMOLUMO 

HOMOLUMO

H2OH2S H2SeH2TePBEPBE/DGDZVP

H2O H2SH2Te
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.H2OH2S H2Se

H2TePBEPBE/DGDZVP

PBEPBE/DGDZVPHCTH/DGDZVPHOMOLUMO

H2OH2Te  

.HOMO  وLUMOH2O،H2S  ،H2Se  وH2Te 

  HOMO LUMO 
 

H2O 
PBEPBE/DGDZVP -0.25012 0.03014    0.28026 

HCTH/DGDZVP -0.25949 0.02533    0.28482 

H2S 
PBEPBE/DGDZVP -0.22707 -0.01249    0.21485 

HCTH/DGDZVP -0.23395 -0.01557    0.21838 

H2Se 
PBEPBE/DGDZVP -0.21419 -0.02757    0.18662 

HCTH/DGDZVP -0.21891 -0.02991    0.189 

H2Te 
PBEPBE/DGDZVP -0.20298 -0.05994   0.14304 

HCTH/DGDZVP -0.20656 -0.06209   0.14447 

 

 کل: يو نزم ي، الکتزونذوستييايميل شيکل، پتانس يسخت -0-2

.. 

ημS

[η=(I-A)/2]

[μ=-(I+A)/2]

[S=1/2η]

 A I.I=-EHOMOA=-

ELUMO μ=(EHOMO+ELUMO)/2 ;η= (ELUMO-EHOMO)/2]



 

 

 

 

ω

 

[ω=μ
2
/2η] 

PBEPBE/DGDZVPHCTH/DGDZVPH2OH2Te

PBEPBE/DGDZVP  وHCTH/DGDZVP 

 Method Hardness 

[η=(I-A)/2](ev) 
Chemical Potential 
 [μ=-(I+A)/2] (ev) 

Electrophilicity 

[ω=μ2/2η] (ev) 
Softness 

[S=1/2η] (ev)-1 

H2O 
PBEPBE/DGDZVP 3.813035391 -2.992904893 1.174586488 0.131129126 

HCTH/DGDZVP 3.875075787 -3.185828756 1.309587918 0.129029734 

H2S 
PBEPBE/DGDZVP 2.919436003 3.259297646 1.819361879 0.171265956 

HCTH/DGDZVP 2.971136333 -3.394806932 1.939445521 0.168285781 

H2Se 
PBEPBE/DGDZVP 2.539030417 -3.289229416 2.130543628 0.196925565 

HCTH/DGDZVP 2.57141115 -3.385283187 2.228376091 0.194445761 

H2Te 
PBEPBE/DGDZVP 1.946109264 3.577118622 3.287528062 0.256922881 

HCTH/DGDZVP 1.965564915 3.655077278 3.398409741 0.254379794 

 

 :IRارتعاشات  يبزرس -0-3

IR

B2A1

 H2OH2Te  

H2OH2S H2Se H2Te  (cm
-1

)

 H2O  H2S  H2Se   H2Te    

PBEPBE/DGDZVP  

   

S 

a 

b 

1) 1650.5904               

2) 3658.3885              

3) 3797.9307     

1) 1209.4363               

2) 2619.7350               

3) 2645.6847 

1) 1043.0589               

2) 2329.0765       

3) 2352.4631 

1) 859.0647               

2) 2032.3529               

3) 2048.2883 

HCTH/DGDZVP S 

a 

b 

1) 1681.1172               

2) 3741.3823              

3) 3884.9427    

1) 1233.6029               

2) 2698.3333               

3) 2725.1047 

1) 1063.8323               

2) 2354.8057               

3) 2378.7210 

1) 871.9241               

2) 2047.5646               

3) 2063.6202 

S-b-  a- 
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IRH2OH2S H2SeH2TePBEPBE/DGDZVPHCTH/DGDZVP

EHOMOELUMO

 DFT (PBEPBE/DGDZVP) DFT 

(HCTH/DGDZVP)HOMOLUMO

PBEPBE/DGDZVPHCTH/DGDZVPHOMO-LUMO H2OH2Te

 H2O

H2SH2Te

H2OH2Te

H2O

H2OH2Te 
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