
Class note on Boron Chemistry 
 
CH 401: INORGANIC CHEMISTRY- I  





Skeltal Electron Count 

2 (B-H) + 3 (C-H) + 1 (additional H) + Ionic charge on the cluster 

Closo structure 



B6H10 

Nido structure 



Arachno  structure 



Styx no of Boranes 

2c-2e- 

For example 

unit-2e- 



What is styx Rule/ Number? 
The styx number is used to understand the types of bonds in boranes. W.N. Lipscomb 
developed a method for determining what combinations of bonding features (types of 
bonds) are possible for a specific formula of boron hydride. The each boron in neutral 
boron hydrides, hydroborate anions and carboranes cations each boron has at least 
one H (or,other substituent ) attached by a normal two electron sigma bond (2c-2e). It 
can be assumed that one B-H bond is present per 
boron atom. Lipscomb proposed that in addition to this, any of the following 
 
(a) Three center-two electrons(3c-2e) B-H-B bond (labeled as- s ) 
(b) Closed and / or open three center-two electrons (3c-2e) B-B-B bond (labeled as- t ) 
(c) Two center-two electrons (2c-2e) B-B bond (labeled as-y) 
(d) Two center-two electrons (2c-2e) B-Hterminal bond (labeled as- x)(simply no. of 
BH2 groups) 





The relationship between the formula of the boranes and the number and kinds of 
bonds in the molecule is described by simple equations of balance that relate the 
number of valence electrons to the different types of sigma bonds that can form— 



B2H6====== (BH)2H4=== (BH)pHq ====  P = 2; q = 4  

p = s + t = 2-------------------------(1) 
q = s + x  = 4 ------------------------(2) 
p - q/2 = t + y = 2- 4/2 = 0 ------(3) 

s t y x Step I 
s = 2, t =0 
t = minimum 2 0 

Step II 
s = 2, t =0 
 then x= 4-2 = 2 
From equn 2 

s t y x 

 2 

Step III 
t + y = 0, as t =0 
 then y = 0-0 = 0 

s t y x 

 0 

s t y x 

2 0  2  0 



B4H10====== (BH)4H6=====  P= 4; q =6  

s t y x Step I 
S = 4, t =0 
t = minimum 4 0 

Step II 
S = 4, t =0 
 then x= 6-4 = 2 

s t y x 

 2 

Step III 
t + y = 1, as t =0 
 then y = 1-0 = 1 

s t y x 

 1 

s t y x 

4 0  2  1 

p = s + t = 4 --------------------------(1) 
q = s + x  = 6 ------------------------(2) 
p - q/2 = t + y = 4- 6/2 = 1 ------(3) 



B5H9====== (BH)5H4=====  P= 5; q = 4  

p = s + t = 5 --------------------------(1) 
q = s + x  = 4 ------------------------(2) 
p - q/2 = t + y = 5- 4/2 =  3------(3) 

s t y x Step I 
s = 4, t = 1 
t = minimum 4 1 

Step II 
s = 4, t = 1 
 then x= 4-4 = 0 
From equn 2 

s t y x 

0 

Step III 
t + y = 3, as t = 1 
 then y = 3-1 = 2 

s t y x 

 2 

s t y x 

4 1 0 2 



Home task-----B5H11====== (BH)5H6=====  P= 5; q = 6 

p = s + t = 5 --------------------------(1) 
q = s + x  = 6 ------------------------(2) 
p - q/2 = t + y = 5- 6/2 =  2------(3) 

s t y x 
Step I 
s = 4, t = 1 
t = minimum 
Ought , even 

3 2 

Step II 
s =3, t = 2 
 then x= 6-3 = 3 
From equn 2 

s t y x 

3 

Step III 
t + y = 2, as t = 2 
 then y = 2-2 = 0 

s t y x 

 0 

s t y x 

3 2 3 0 

Try with 5 = 4+1 
                5 = 3+2 



Isolobal analogy and Carborane 



Isolobal analogy 
B = 1S2S22P1  = 05 e-----------------BH = 06 e    or BH- = 7e  
C = 1S2S22P2 = 06 e-----------------CH = 07 e 
 
                                         So,  BH-    ≡   CH 
 
So, in a Borane if one B is replaced by one carbon that is 
called carborane--------- 
 
 
BnHn 2- 

 

-BH- 

+CH 
CBn-1 Hn 1- 

+CH 

-BH- 

C2Bn-2 Hn  

Closo- C2B9 H11  +2e ↔ nido-   C2B9 H11 2- 

Closo Nido Arachno +2e +2e 



Skeltal Electron Count 

2 (B-H) + 3 (C-H) + 1 (additional H) + Ionic charge on the cluster 

C2B9 H11 =  (BH)9 (CH) 2 

Skeletal electron count = 2x 9  +  3x2     + 0     + 0  = 24 
Electron pair = 24/2 =12 
No of vertex = 9+2 =11 
So, no of electron pair = 11+1 = n+1 = 12 
S0, the carborane C2B9 H11 is Closo structure 
  



Skeltal Electron Count 

2 (B-H) + 3 (C-H) + 1 (additional H) + Ionic charge on the cluster 

C2B9 H11 2- =  (BH)9 (CH) 2 
2- 

Skeletal electron count = 2x 9  +  3x2     + 0     + 2  = 26 
Electron pair = 26/2 =13 
No of vertex = 9+2 =11 
So, no of electron pair = 11+2 = n+2 = 13 
S0, the carborane C2B9 H11 is nido structure 
  



Skeltal Electron Count 

2 (B-H) + 3 (C-H) + 1 (additional H) + Ionic charge on the cluster 

C2B9 H11 4-=  (BH)9 (CH) 2 
4- 

Skeletal electron count = 2x 9  +  3x2     + 0     + 4  = 28 
Electron pair = 28/2 =14 
No of vertex = 9+2 =11 
So, no of electron pair = 11+3 = n+3 = 14 
S0, the carborane C2B9 H11

4- is arachno structure 
  



Test----- 

Nido---B10H14 
-BH- 

+CH 
CB9 H14 + 

+CH 

-BH- 

C2B8 H14 
2+  

-2H+ -2H+ 

-----X---CB9 H12
- ---Y----C2B8 H12 

 

What is X and Y ???? 
2 (B-H) + 3 (C-H) + 1 (additional H) + Ionic charge on the cluster 

CB9 H12
-  = (BH)9(CH)1 H2 -1 



What is X and Y ???? 
2 (B-H) + 3 (C-H) + 1 (additional H) + Ionic charge on the cluster 

Skeletal electron count = 2x 9  +  3x1     + 2     + 1  = 24 
Electron pair = 24/2 =12 
No of vertex = 9+1 =10 
So, no of elecron pair = 10+2 = n+2 = 12 
S0, the carborane CB9 H12

-   is nido structure 

                                   So, X = nido 
  

CB9 H12
-  = (BH)9(CH)1 H2 -1 



What is X and Y ???? 
2 (B-H) + 3 (C-H) + 1 (additional H) + Ionic charge on the cluster 

Skeletal electron count = 2x 8  +  3x2     + 2     + 0  = 24 
Electron pair = 24/2 =12 
No of vertex = 8+2 =10 
So, no of elecron pair = 10+2 = n+2 = 12 
S0, the carborane C2B8 H12

  is nido structure 

                                   So, Y = nido 
  

C2B8 H12
 = (BH)8(CH)2 H2  



2nd method to determine the geometry of Boron cluster  
and transition metal cluster   

Step 1: look for no of atom occupy the vertices, N 
Step 2: counting of valence electron, V 
Step 3: Parent tetrahedron, X 
             counting of X= V/2-N-1 for main group and X= V/2-6N-1 for TM 
Step 4: N-X = 0 (no vertex missing) so geometry will be closo; 
              N-X = -1 (one vertex missing) so geometry will be nido 
              N-X = -2 (two vertex missing) so geometry will be arachno 
 
 
 

Example: B7H7
-2 

Step 1: no of vertices, N = 7 
Step 2: counting of valence electron, V = 3 (no vertex) + 1(no of H atoms) + Charge 
                                                                      = 3x7 +1x7+2 = 30 
(3 stands for valence electron of B =3, 1 stands for valence electron of H =1) 
Step 3: Parent deltahedron, X = 30/2-7-1= 7 
Parent deltahedron’s shape will be pentagonal bipyramidal as X=7 
Step 4: counting of N-X= 7-7, i.e no vertex missing, so geometry will be closo; 



Transition metal 
complex 

Main group or boron 
compounds 

SE pairs = TVE -12xn  
                      2 

 = TVE -2xn  
           2 

Sketal electron pair count 



Example Pb5
-2 

Step 1: no of vertices, N = 5 
 
Step 2: counting of valence electron, V = 4 (no vertex) +  Charge 
                                                                      = 4x5 +2 = 22 
(4 stands for valence electron of Pb) 
 
Step 3: Parent deltahedron, X =  V/2-N-1  
      =22/2-5-1= 5 
Parent deltahedron’s shape will be trigonal bipyramidal as X=5 
 
Step 4: counting of N-X= 5-5, i.e no vertex missing, so geometry will be closo; 



Step 1: no of vertices, N = 4 
 
Step 2: counting of valence electron, V = 9 (no vertex) + 2 (No of CO) + Charge 
                                                                      = 9x4 +2x12 = 60 
(9 stands for valence electron of Cobalt, each CO donate 2e) 
 
Step 3: Parent deltahedron, X =  V/2-6N-1  
      =60/2-(6x4)-1= 5 
Parent deltahedron’s shape will be trigonal bipyramidal as X=5 
 
Step 4: counting of N-X= 4-5 = -1, i.e one vertex missing, so geometry will be nido; 



Step 1: no of vertices, N = 7 
 
Step 2: counting of valence electron, V = 8 (no vertex) + 2 (No of CO) + Charge 
                                                                      = (8x7) + (2x21) = 98 
(8 stands for valence electron of osmium, each CO donate 2e) 
 
Step 3: Parent deltahedron, X =  V/2-6N-1  
      =98/2-(6x7)-1= 6 
Parent deltahedron’s shape will be octahedral as X=6 
 
Step 4: counting of N-X= 7-6 = +1, i.e one vertex is extra,  
so geometry will be monocapped closo; 



Calculate for  

1. Bi5 +3 

 

2.   Sn4 -9 

3.   ReH9 -2 

4. Geometry of [ Rh6C(CO)15]-2 

(i). Octahedron 
(ii). Pentagonal Pyramid 
(iii). Trigonal prisim 
(i). Monocapped square pyramid 

Solution: Total valance electron = (6x9) + 4 + (2x15) + 2 = 90 -12x6 / 2 
                                                         = 18/2 = 9  



Zental ions 
 
(4n+2)------Closo 

(4n+4)------nido 

(4n+6)----Arachno 

(4n+8)------hypo 

(4n+10)------Klado 

Pb5 -2 

= 4x5 + 2 =22e 
22 = 4x5+2 
      = n+2 
      = closo 

Sb4 -2 

= 5x4 + 2 =22e 
22 = 4x4+6 
      = n+6     
      = closo 

Classify as closo, nodo or arachno 
1. C2B10H12

 

Ans.  C= BH 
So, (BH)2B10H12 

= B2H2B10H12  
= B12H14 
= BnHn+2  so, it is closo 

Classify as closo, nodo or arachno 
2. B9H15  

 =    BnHn+6    so, it is arachno 
 

3. B4H6(CoCp)2 
  = B4H6(BH)2 = B6H8 = BnHn+2 = closo  

(CoCp)2 = 9+5 =14 isolobal to 4 ≡ C ≡ BH 
 (Co = 9e; Cp = 5 e)  



4. SB9H9 S has 6 electron, B has 3, H has 1; so S ≡ BH3 

= (BH3) B9H9 = B10H12 = BnHn+2 = closo  

5. B3H7  [(Fe(CO)3]2 

 = B3H7(BH)2 = B5H9 = BnHn+4 = nido  
[(Fe(CO)3]= 8+ 3x2 =14 isolobal to 4 ≡ C ≡ BH 
 (Fe = 8e; CO = 2 e)  

6. CB4H6 Ni(PPh3)2 

 =  (BH)B4H6(BH) = B6H8 = BnHn+2 = closo  

C ≡ BH 
Ni(PPh3)2 = 10+ 2x2 =14 isolobal to 4 ≡ C ≡ BH 
 (Ni = 10; PPh3 = 2 e)  


