
   

3a, C1, Min 
∠N2N1C6N5= 25/94 

2a, C1 , Min 
∠N2N1C6C5= 13/57 

1a, C1, Min 
∠N2N1C6C5=17/96  

 
 

 

6a, C1, Min 
∠N2N1C6C5= 59/66 

5a, C1, Min 
∠N2N1C6C5= 57/55 

4a, C1, TS 
∠N2N1N6C5= -4/91 

  
 

 

9a, C1, Min 
∠N2C1C6C5= -59/22 

8a, C1, Min 

∠C2N1C6N5= 17/60 
7a, C1, Min 

∠N2N1C6C5= 54/54 

  

 

  
10a, C1, Min 

∠N2C1C6N5= -57/83 

ي پيوند  و زاويه (Å)شامل طول پيوند برحسب آنگسترم  **B3LYP/6-311++Gشده در روش  سازيپارامترهاي هندسي بهينه - 1شكل 
 . (1a-10a)تتراان -6,4,2,1- آزاسيكلوهپتاهاي تريبراي گونه (º)برحسب درجه 



   
2bt, C1, Min 2bt, Cs, TS 2bs, C1, TS 

   

3bt, C1, Min 3bt, Cs, TS 3bs, Cs, TS  
∠N2N1C6N5= 25.94 

   

4bt, C1, Min 4bt, Cs, TS 4bs, Cs, TS 

 
  

6bs, Cs, TS 5bt,Cs, TS 5bs, Cs, TS 

  
 

7bs, Cs, TS 6bt, C1, Min 6bt, Cs, TS 

 
ي پيوند برحسب و زاويه (Å)شامل طول پيوند برحسب آنگسترم  **B3LYP/6-311++Gشده در روش  سازيپارامترهاي هندسي بهينه -2شكل 

 ايليدن.-7-انتري-5,3,1- آزاسيكلوهپتا هاي ترياز گونه t9b-t(1b(تايي و سه  1b)s9b-s( تاييهاي الكتروني يكبراي حالت (º)درجه 



   
8bs, Cs, TS 7bt, Cs, TS 7bt, C1, Min 

 

  

9bs, C1, TS 8bt, Cs, TS 8bt, C1, Min 

 

  

10bs, C1, TS 9bt, C1, Min 9bt, Cs, TS 

 

 
 

 10bt, C1, Min 10bt, Cs, TS 

 

ي پيوند برحسب و زاويه (Å)شامل طول پيوند برحسب آنگسترم  **B3LYP/6-311++Gشده در روش  سازيپارامترهاي هندسي بهينه -2شكل 
 )ادامه(  ايليدن. -7-انتري-5,3,1- آزاسيكلوهپتا هاي ترياز گونه 1b)t9b-t(تايي و سه  1b)s9b-s( تاييهاي الكتروني يكبراي حالت (º)درجه 

 
 
 
 
 
 



و   (1a-10a)تتراان -6,4,2,1- آزاسيكلوهپتاهاي تريبراي گونه **B3LYP/6-311++Gدست آمده از روش  ي پيوندهاي مهم بهمرتبه - 1جدول 
 . (2b-10b)ايليدن -7-انتري-5,3,1-آزاسيكلوهپتاهاي ترياز گونه (t)تايي و سه (s) تاييالكتروني يك هايحالت

 ی پیوند مرتبه
 ها گونه

 

 ی پیوند مرتبه
 ها گونه

7C-6N 7C-1N 7C-6C 7C-1N 

41/1 43/1 7a 96/0 38/1 1a 

45/1 43/1 s7b 95/0 44/1 2a 

24/1 22/1 )s(Ct7b 05/1 52/1 s2b 

29/1  19/1  )1(Ct7b 08/1 41/1 )s(Ct2b 

7C-6C 7C-1N  07/1  43/1  )1(Ct2b 

87/0 40/1 8a 84/0 45/1 3a 

22/1 53/1 s8b 06/1 73/1 s3b 

98/0 41/1 )s(Ct8b 03/1 48/1 )s(Ct3b 

01/1  43/1  )1(Ct8b 02/1  49/1  )1(Ct3b 

7C-6C 7C-1C  7C-6N 7C-1N  

36/1 44/1 9a 02/1 22/1 4a 

24/1 09/1 s9b 07/1 94/0 s4b 

26/1 07/1 )s(Ct9b 12/1 37/1 )s(Ct4b 

41/1  08/1  )1(Ct9b 10/1  42/1  )1(Ct4b 

31/1 47/1 10a 7C-6C 7C-1N  

22/1 10/1 s10b 37/1 43/1 5a 

22/1 13/1 )s(Ct10b 29/1 52/1 s5b 

14/1  20/1  )1(Ct10b 13/1 33/1 )s(Ct5b 

    

35/1 41/1 6a 

34/1 42/1 s6b 

22/1 35/1 )s(Ct6b 

13/1  33/1  )1(Ct6b 

 
 
 
 



و   (1a-10a)تتراان-6,4,2,1-آزاسيكلوهپتاتري هايبراي گونه **B3LYP/6-311++Gدست آمده از روش به NBOهيبريداسيون  ـ2جدول 
 .(2b-10b)ايليدن -7-انتري-5,3,1-آزاسيكلوهپتا هاي ترياز گونه (t)تايي سه (s) تاييالكتروني يك هايحالت

جفت الکترون غیر   πهیبريداسیون پیوندهای   ها گونه
 پیوندی 

3a 

C3-(1)N2π C4-(1)C3π C6-(1)N5π N1-(1)C7π 

2N 3C 3C 4C 5N 6C 7C 1N 1C7LP 

99.12p1s 99.99p1s 99.99p1s 99.99p1s s1p68.72 s1p48.45 99.99p1s 18.69p1s 1.09p 1s 

s3b 

C3-(1)N2π C6-(1)N5π N1-(1)C7π N1-(2)C7π 

1C4Lp 

2N 3C 5N 6C 7C 1N 7C 1N 

100p0s 100p0s 100p0s 100p0s 19.47p1s 19.97p1s 100p0s 100p0s 100p0s 

)s(Ct3b 

C3-(1)N2π N6-(1)C5π N1-(1)C7π N1-(2)C7π 

1C4 
bLp* 

2N 3C 5C 6N 7C 1N 7C 1N 

100p0s 100p0s 100p0s 100p0s 28.04p1s 10.34p1s 100p0s 100p0s 100p0s 

)1(Ct3b 

C3-(1)N2π C6-(1)N5π N1-(1)C7π N1-(1)C7π 

1C4 
bLp* 

2N 3C 5N 6C 7C 1N 7C 1N 

99.99p1s 100p0s 99.99p1s 99.99p1s 44.43p1s 25.66p1s 99.99p1s 53.32p1s 99.99p1s 

 πهیبريداسیون پیوندهای   ها گونه
 جفت الکترون غیر پیوندی 

4a 

N2-(1)N1π C4-(1)C3π N6-(1)C5π 

1N 2N 3C 4C 5C 6N 1C7Lp 2C7Lp* 

40.81p1s 83.94p1s 99.99p1s 99.99p1s 27.96p1s 19.72p1s 1.27p1s 99.99p1s 

 

جفت الکترون غیر   πهیبريداسیون پیوندهای  ها گونه
 پیوندی 

1a 

N2-(1)N1π C4-(1)N3π C6-(1)C5π N1-(1)C7π 

1N 2N 3N 4C 5C 6C 7C 1N 1C7Lp 2N1Lp 

36.20p1s 99.99p1s 85.48p1s 99.99p1s 99.99p1s 77.23p1s 99.99p1s 29.67p1s 1.41p 1s 100p0s 

 

2a 

N2-(1)N1π N4-(1)C3π C6-(1)C5π N1-(1)C7π Lp 

1N 2N 3C 4N 5C 6C 7C 1N 1C7Lp 

72.38p1s 99.99p1s 99.99p1s 99.99p1s 69.23p1s 48.62p1s 99.99p1s 28.29p1s 1.47p 1s 

s2b 

N4-(1)C3π C6-(1)C5π N1-(1)C7π N1-(2)C7π Lp 

3C 4N 5C 6C 7C 1N 7C 1N 2N2Lp 

99.99p1s 99.99p1s 99.99p1s 80.27p1s 31.03p1s 22.63p1s 29.36p1s 65.90p1s 99.99p1s 

)sC(t2b 

C3-(1)N2π C6-(1)C5π C7-(1)C6π Lp 

2N 3C 5C 6C 6C 7C 2N4 
bLp* 1C7 

bLp* 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 14.22p1s 

)1C(t2b 

N(1)π1N2- N4-(1)C3π C6 -(1)C5π Lp 

1N 2N 5C 4N 5C 6C 1C7
bLp* 2C7

bLp* 

99.99p1s 99.99p1s 99.99p1s 100p0s 99.99p1s 99.99p1s 99.99p1s 14.73p1s 



و   (1a-10a)تتراان-6,4,2,1-آزاسيكلوهپتاتري هايبراي گونه **B3LYP/6-311++Gدست آمده از روش به NBOهيبريداسيون  ـ2جدول 
 )ادامه(. (2b-10b)ايليدن -7-انتري-5,3,1-آزاسيكلوهپتا هاي ترياز گونه (t)تايي سه (s) تاييالكتروني يك هايحالت

s4b 

N2-(1)N1π C4-(1)C3π N6-(1)C5π 

1C7Lp 2C7Lp* 

1N 2N 3C 4C 5C 6N 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 0.92p1s 100p0s 

)s(Ct4b 

C4-(1)C3π N6-(1)C5π N1-(1)C7π 

2N2
bLp* 1C7Lp* 

3C 4C 5C 6N 7C 1N 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 15.42p1s 

)1(Ct4b 

C4-(1)C3π N6-(1)C5π N1-(1)C7π 

2N2Lp* 1C7Lp* 

3C 4C 5C 6N 7C 1N 

99.99p1s 99.99p1s 99.99p1s 99.99p1s 13.15d99.99p1s 99.99p1s 12.97d99.99p1s 17.56p1s 

 πهیبريداسیون پیوندهای  

5a 

N3-(1)C2π C5-(1)N4π C7-(1)C6π N1-(1)C7π 

2C 3N 4N 5C 6C 7C 7C 1N 

38.61p1s 45.27p1s 99.99p1s 99.99p1s 99.99p1s 58.39p1s 39.46p1s 99.99p1s 

s5b 

N3-(1)C2π C5-(1)N4π C7-(1)C6π N1-(1)C7π Lp 

2C 3N 4N 5C 6C 7C 7C 1N 1N1Lp 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 99.99p1s 19.26p1s 100p0s 

)s(Ct5b 

C2-(1)N1π N4-(1)N3π C6-(1)C5π Lp 

1N 2C 3N 4N 5C 6C 1C7
bLp* 2C7

bLp* 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 20.44p1s 

 πهیبريداسیون پیوندهای   ها گونه

6a 

N3-(1)C2π N5-1)C4(π C7-(1)C6π N1-(1)C7π 

2C 3N 4C 5N 6C 7C 7C 1N 

99.99p1s 99.99p1s 99.99p1s 99.99p1s 99.99p1s 55.45p1s 28.60p1s 99.99p1s 

s6b 

N3-(1)C2π N5-(1)C4π C7-(1)C6π N1-(1)C7π Lp 

2C 3N 4C 5N 6C 7C 7C 1N 1N1Lp 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 99.99p1s 21.29p1s 100p0s 

)sC(t6b 

N3-(1)C2π N5-(1)C4π N1-(1)C7π Lp 

2C 3N 4C 5N 7C 1N 1C6
bLp* 1C7 

bLp* 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 18.60p1s 

)1C(t6b 

N3-(1)C2π C6-(1)N5π N1-(1)C7π N1-(2)C7π Lp 

2C 3N 5N 6C 7C 1N 7C 1N 1C4
bLp* 

99.99p1s 99.99p1s 99.99p1s 100p0s 44.97p1s 24.26p1s 99.99p1s 99.99p1s 99.99p1s 



و   (1a-10a)تتراان-6,4,2,1-آزاسيكلوهپتاتري هايبراي گونه **B3LYP/6-311++Gدست آمده از روش به NBOهيبريداسيون  ـ2جدول 
 )ادامه(. (2b-10b)ايليدن -7-انتري-5,3,1-آزاسيكلوهپتا هاي ترياز گونه (t)تايي سه (s) تاييالكتروني يك هايحالت

 πهیبريداسیون پیوندهای   

7a 

N3-(1)C2π C5-(1)C4π C7-(1)N6π N1-(1)C7π 

2C 3N 4C 5C 6N 7C 7C 1N 

99.99p1s 99.99p1s 99.99p1s 99.99p1s 99.99p1s 99.04p1s 65.33p1s 99.99p1s 

s7b 

N3-1)C2(π C5-(1)C4π C7-(1)N6π N1-(1)C7π Lp 

2C 3N 4C 5C 6N 7C 6N 7C 1N1Lp 2N1Lp 

100p0s 100p0s 100p0s 100p0s 14.47p1s 24.37p1s 100p0s 100p0s 100p0s 99.99p1s 

)sC(t7b 

N3-(1)C2π N6-(1)C5π C1-(1)C7π Lp 

2C 3N 5C 6N 7C 1C 1C4
bLp* 1C7

bLp* 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 19.09p1s 

)1C(t7b 

C2-(1)N1π C4-(1)N3π C7-(1)N6π Lp 

1N 2C 3N 4C 6N 7C 1C5
bLp* 1C7

bLp* 

99.99p1s 100p0s 100p0s 99.99p1s 100p0s 99.99p1s 99.99p1s 22.99p1s 

جفت الکترون غیر   πهیبريداسیون پیوندهای   ها گونه
 پیوندی 

8a 

C2-1)N1(π N4-(1)C3π C6-(1)N5π N1-(1)C7π 

1N 2C 3C 4N 5N 6C 7C 1N 1C7Lp 

77.76p1s 100p0s 95.65p1s 99.99p1s 10.79p1s 10.19p1s 99.99p1s 42.40p1s 1.20p1s 

s8b 

C3-(1)C2π N5-(1)N4π N1-(1)C7π N1-(2)C7π Lp 

2C 3C 4N 5N 7C 1N 7C 1N 1C6Lp 

100p0s 100p0s 100p0s 100p0s 99.99p1s 20.82p1s 100p0s 100p0s 100p0s 

)sC(t8b 

N4-(1)C3π C6-(1)N5π N1-(1)C7π Lp 

3C 4N 5N 6C 7C 1N 1C2
bLp* 1C7 

bLp* 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 20.32p1s 

)1C(t8b 

N5-(1)N4π C6-(1)N5π N1-(1)C7π     

4N 5N 5N 6C 7C 1N 1N1Lp 1C2
bLp* 1C3Lp 1C7

bLp* 

2.79p 1s 1.67p 1s 63.06p1s 27.39p1s 73.55p1s 29.24p1s 99.99p1s 99.99p1s 99.99p1s 99.99p1s 

9a 

N3-(1)N2π C5-(1)N4π C7-(1)C6π C1-(1)C7π 

2N 3N 4N 5C 6C 7C 7C 1C 

48.55p1s 48.87p1s 86.77p1s 53.28p1s 99.99p1s 39.13p1s 23.58p1s 99.99p1s 

s9b 

N2-(1)C1π N4-(1)N3π C7-(1)C6π 

1C 2N 3N 4N 6C 7C 

53.67p1s 99.99p1s 99.99p1s 12.33d99.99p1s 14.86p1s 90.56p1s 

)sC(t9b 

N2-(1)C1π N4-(1)N3π C7-(1)C6π Lp 

1C 2N 3N 4N 6C 7C 1C5 
bLp* 1C7 

bLp* 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 15.70p1s 



و   (1a-10a)تتراان-6,4,2,1-آزاسيكلوهپتاتري هايبراي گونه **B3LYP/6-311++Gدست آمده از روش به NBOهيبريداسيون  ـ2جدول 
 )ادامه(. (2b-10b)ايليدن -7-انتري-5,3,1-آزاسيكلوهپتا هاي ترياز گونه (t)تايي سه (s) تاييالكتروني يك هايحالت

)1C(t9b 

N2-(1)C1π C5-(1)N4π C7-(1)C6π Lp 

1C 2N 4N 5C 6C 7C 1N3 
bLp* 1C7

bLp* 

79.54p1s 100p0s 18.29p1s 16.15p1s 99.99p1s 92.12p1s 99.99p1s 22.13p1s 

10a 

N3-(1)N2π N5-(1)C4π C7-1)C6(π C1-(1)C7π 

2N 3N 4C 5N 6C 7C 7C 1C 

99.99p1s 99.99p1s 99.99p1s 99.99p1s 99.99p1s 31.02p1s 30.48p1s 100p0s 

s10b 

N2-(1)C1π N5-(1)C4π Lp 

1C 2N 4C 5N 2N3Lp 1C6Lp* 1C7Lp 2C7Lp* 

63.20p1s 99.99p1s 99.99p1s 12.13d99.99p1s 99.99p1s 100p0s 1.60p1s 99.99p1s 

)s(Ct10b 

N2-(1)C1π C4-(1)N3π C6-(1)N5π Lp 

1C 2N 3N 4C 5N 6C 1C7
bLp* 2C7

bLp* 

100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 100p0s 16.81p1s 

)1(Ct10b 

N3-(1)N2π C6-(1)N5π C1-(1)C7π Lp 

2N 3N 5N 6C 7C 1C 1C4Lp* 1C7Lp* 

99.99p1s 99.99p1s 99.99p1s 99.99p1s 99.99p1s 99.99p1s 39.95p1s 20.01p1s 

a در بيشتر موارد ميزان اربيتالd    .ناچيز بوده و از جدول حذف شده است 
b اربيتال مولكولي ضد پيوند 

 
 كه توسط   s10b-s(2b(ايليدن -7- انتري-5,3,1-آزاسيكلوهپتا تري (s) تاييهاي يكبراي گونه (ppm)برحسب  NICSمقادير  ـ 3جدول 

 .بالاي حلقه محاسبه شده است  Å 1در  **B3LYP/6-311++Gروش  

 NICS(1) ها گونه

s2b 87/7 

s3b 19/6 

s4b 65/10 - 

s5b 51/15 

s6b 65/22 

s7b 60/15 

s8b 75/22 

s9b 83/6 - 

s10b 33/8 - 

 


