Class note on Boron Chemistry
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For borane and carborane clusters, the structures are based on deltahedra,
which are polyhedra in which every face is triangular. The clusters are classified
as closo-, nido-, arachno- or hypho-, based on whether they represent a

Clost

complete (closo-) deltahedron, or a deltahedron that is missing one (nido-), 7
two (arachno-) or three (hypho) vertices.

Boron hydride Name No. of skeletal | Examples

electron pairs

[B,H *orBH ,, Closo n-+1 B,H, B,,H,* Aedo

B, H,., Nido n+2 B,H¢,B:H,, B, H,,

BH Arachno n+3 BH,,

B H . Hypho n+4 B.H,,"

Arachno

Each BH um it furnishes 2 skeletal bonding electrons, CH unit 3 skeletal
onding e ectron

Each additional H- furnishes 1 skeletal bonding electron
lonic charges must be included in the electron count
Bﬁﬁ!ﬁfﬁac' Si, Ge, Sn with BH: N, P, As with BH2 and S, Se with BH3 during



Skeltal Electron Count

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

Application of Wade’s rule in determining the structure of higher boranes
Consider B7H;, Heptahydroheptaborate(2-)
Step-1 :Skeletal electron count = 2(B-H) + 3(C-H) + 1(additional H) + anionic charge on cluster
=2(7)+0+0+2
=16

Step-2 :
. . skeletal electron count 16
No.of electron pairs = = = 8
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Step-3 : The no. of vertices =n=7
No. of electron pairs = 8 , which corresponds to n+1.

Hence it is closo borane ( no vertex is missing )
As no vertex 1s missing .the cage structure should contain n = 7 vertices and is pentagonal

bipyramidal.

Closo structure




B6H10

Consider BgH;; — Hexaborane (10)
Step-1 :Skeletal electron count = 2(B-H) + 3(C-H) + 1(additional H) + anionic charge on cluster

=2(6)+0+4+0
=16

Step-2 :
) . skeletal electron count 16
No.of electron pairs = =—= 8
g ]

Step-3 : The no. of vertices =n=6
No. of electron pairs = 8 . which corresponds to nt+2.

Hence it is nido borane (one vertex is missing )
As only one vertex is missing .the parent cage must contain n+1 =7 vertices . Hence, the
structrure of BgH;¢ must be pentagonal bypramidal with one vertex missing ( we can call it as

pentagonal pyramid with six vertices )

Nido structure




Consider BsHi; — Pentaborane (11)
Step-1 :Skeletal electron count = 2(B-H) + 3(C-H) + 1(additional H) + anionic charge on cluster
=2(5)+0+6+0
=16

Step-2 :
skeletal electron count _ 16 _ 8

2 2

No.of electron pairs =

Step-3 : The no. of vertices =n=5
No. of electron pairs = & . which corresponds to n+3.

Hence. it is arachno borane ( two vertices are missing )
As two vertices are missing .the parent cage must contain n+3=7 vertices . Hence, the cage
structrure of BsH;; must be pentagonal bypramidal with two missing vertices :
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Styx no of Boranes
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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)
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Type — (A) BHB (3c-2e) (b) BBB (3c-2e)

H B
B B B B
Number ——» S t
Type —— (c) BB (2c-2e) (d) Extra B-H (2c-2e)
BE—B B—H

by the symbols s, t, y, and X,which together constitute styx

code. The B-B-B bond may be open or closed but subsequent theoretical studies have shown that
open B-B-B bonds need not to be considered. The three center bonds are necessary to account for
boron hydride bonding because each B-H unit at a polyhedral vertex can supply three orbitals but
two electrons only to framework. This 1s because one B-H bond uses one electron and one orbital
of the B-atom, leaving three orbitals and two electrons for skeletal bonding (framework).

For example, in B,Hs there are 12 valence shell electrons (one boron has 2s* 2p' and hydrogen
has 1s") and 14 valence orbitals ( one boron has 4 valence orbitals and one hydrogen has one
valence orbital); therefore, two, three-center(3c-2e) BHB bridges are formed in addition to two
extra two-center(2c-2e) B-H bonds. In another example BsH;o has 28 valence electrons and 34
valence orbitals. Its 14 pairs can be accommodated 1n eight two-center (2¢-2e) bonds (B-H and B-
B) and six three-center bonds( BHB and BBB).So it is clear that one three-center bond 1s formed
per boron atom as in B,Hg , two boron atoms having two three-center (3¢c-2e BHB) bonds.
Similarly in BgH,, six boron atoms have total six three-center (3c-2e) bonds which are localized.
Utilizing the concept of localized, three center BHB and BBB bonds, in addition to two center BB
and additional BH bonds, it 1s possible to describe the topology of the boron hydrides.



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---mmmmmeeeeeeeeeeee (1)

Stepl S t y X
s=2,t=0
t = minimum 2 0

Step II
s=2 t=0 tly|x

thenx=4-2=2 2

From equ" 2

Step llI
t+y=0,ast=0 S t
theny=0-0=0

X s |t |y
2 o] o

o <




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

p=s+t=4 - (1)
g=S+X =6 - (2)
p-q/2=t+y=4-6/2=1 ------ (3)
S t|ly|X
4 0 1|2
Ste I t y X rgl-ei::_t;;i:z:‘g:}—i1o contains -
S = 4 t:O O B-B-B bond
'_ . 4 0 1 8-B bond
Tt = minimum 2 BH2 groups.
Step Il
S=4,1t=0 s |ty |X
thenx=6-4=2 2
Step Il
t+y=1,ast=0 _S | | VY |X
theny=1-0=1 1




Step | H B

s=4,t=1 > lt y o Ny

t = minimum 4 | _ H/ TSH- f ?-i
'-B _____________ BJ...-"'

Step Il s | t x /T SHT \

s=4,t=1 y H

thenx=4-4=0

From equ" 2

Step lll S t X

t+y=3,ast=1 S t y |[X y

theny=3-1=2 2 4 |1 ]2 0




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

Try with 5 = 4+1 e (1)
5= 3+2 q=S+X =6 --m--m--mmmmmemeeeeee (2)
p-q/2=t+y=5-6/2= 2--—---- (3)
H H
N/
Step | B
s=4,t=1 S t| vy X / \
imen 2] i S NN
B-__.H*’|‘“~H/|*7H‘“:B
Step Il / N
s=3,t=2 S t y |X H H H H
then x= 6-3 = 3 3 BsH 14
From equ" 2
Step Il S t v |x
t+y=2,ast=2 _° tly|X
theny=2-2=0 0 3 2 0 _3




Isolobal analogy and Carborane

Ortho- Meta- Para-
1.E—G3E1(:IH1.‘.'-E' 11?'|:2E'1DH12 1.12"E;E-SH1;_-



Isolobal analogy

B = 152522P1 =05 e---—————————————- BH=06e orBH =7e
C = 152522P2= 06 @---n---xrmmmmmmmn CH=07e
So, BH = CH

So, in a Borane if one B is replaced by one carbon that is
called carborane---------

-BH- BN
B,H, 2- +C_H> CB,.; Hn1 ? CB..H,

Closo- C,BH,, +2e ¢ nido- C,BjH,, *

+
Closo 2e > Nido t2e > Arachno




Skeltal Electron Count

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

Application of Wade’s rule in determining the structure of higher boranes
Consider B7H7™, Heptahydroheptaborate(2-)
Step-1 :Skeletal electron count = 2(B-H) + 3(C-H) + 1(additional H) + anionic charge on cluster
=2(7)+0+0+2
=16

Step-2:
. skeletal electron count 16
No.of electron pairs = = = §
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Step-3 : The no. of vertices=n=7
No. of electron pairs = 8 ., which corresponds to n+1.
Hence it is closo borane ( no vertex is missing )
As no vertex 1s missing .the cage structure should contain n = 7 vertices and is pentagonal
bipyramidal.

C,B,H,, = (BH), (CH),

Skeletal electron count=2x9 + 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 C,B, H,, is Closo structure



Skeltal Electron Count

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

Application of Wade’s rule in determining the structure of higher boranes
Consider B7H7™, Heptahydroheptaborate(2-)
Step-1 :Skeletal electron count = 2(B-H) + 3(C-H) + 1(additional H) + anionic charge on cluster
=2(7)+0+0+2
=16

Step-2:
. skeletal electron count 16
No.of electron pairs = = = §
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Step-3 : The no. of vertices=n=7
No. of electron pairs = 8 ., which corresponds to n+1.
Hence it is closo borane ( no vertex is missing )
As no vertex 1s missing .the cage structure should contain n = 7 vertices and is pentagonal
bipyramidal.

C,BoH,; 2 = (BH), (CH) ,*

Skeletal electron count=2x9 + 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 C,B, H,, is nido structure



Skeltal Electron Count

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

Application of Wade’s rule in determining the structure of higher boranes
Consider B7H7™, Heptahydroheptaborate(2-)
Step-1 :Skeletal electron count = 2(B-H) + 3(C-H) + 1(additional H) + anionic charge on cluster
=2(7)+0+0+2
=16

Step-2:
. skeletal electron count 16
No.of electron pairs = = = §
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Step-3 : The no. of vertices=n=7
No. of electron pairs = 8 ., which corresponds to n+1.
Hence it is closo borane ( no vertex is missing )
As no vertex 1s missing .the cage structure should contain n = 7 vertices and is pentagonal
bipyramidal.

C,BoH,; ¥= (BH)4 (CH) ,*

Skeletal electron count=2x9 + 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

SO, the carborane C,B,H,,* is arachno structure



B v M CBgHy,
Nido---BjoH;, > CByH,, ——> 2ol
_2H* -2H"
----- X---CBg H,, =¥----C,Bg Hyy
Whatis Xand Y ????

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

CByH,," = (BH)o(CH), H, *



What is Xand Y ????

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

CByH,," = (BH)o(CH), H, 1

Skeletal electron count=2x9 + 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

SO, the carborane CBy H,," is nido structure

So, X = nido



What is Xand Y ????

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

C,B, H,, = (BH),(CH), H,

Skeletal electron count=2x8 + 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

SO, the carborane C,B; H,, is nido structure

So, Y = nido



2"d 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: B H,?
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;

z
B-H
2 V/u H

A
v



- tapeol s
4 Tetrahedron 0 Closo Same as parent deltahedron
5 Trigonal bipyramid 41 Nido 1 vertexis missing
s Octaivdron -2 Arachno 2 vertices are missing
7 Pentagonal bipyramid , -
= T S v -3 Hypho 3 vertices are missing
5 T R Yo — -4 Klado 4 vertices are missing
10 Bicapped square anti prism +1 Monocapped Closo 1 extra vertex
11 Octadecahedron +2 Bicapped Closo 2 extra vertices
Sketal electron pair count
To find ‘x” value
x:K_n_] x:K—6n—l SE pairs = TVE -12xn =TVE -2xn
2 2 2 2
For Main group Clusters For Transition metal Clusters T T
n = # vertices in the given cluster Transition metal Main group or boron
V = Valence electron count complex compounds




Example Pb,

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;



C0,(CO),,

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;

oc. TO_CO

Co
/ \ /co
oC coO
\ ‘ 0
Co™ "/%( ~¢0
C / O

OC



[0s,(CO),,]

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, / Ri\\"* ~0s
. . Nl 2L
so geometry will be monocapped closo; VA \—/?“/
‘/v \ 3 \ }‘,’ / /
Os /-—Ols
\\ \ v;// 4
% P



Calculate for

1. Big*3
2. Sn,
3. ReH, 2

4. Geometry of [ Rh,C(CO):]?

(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 | pp, -2 Sby, 2
(4n+4)------ hido =4x5+2=22e| =5x4+2=22e
(4n+6)----Arachno | 5 _ 445,45 22 = 4x4+6
(4n+8)------hypo = n+2 = n+6
(4n+10)------ Klado = closo = closo

Classify as closo, nodo or arachno

1. C,BoHyp

Ans. C=BH

So, (BH),B,,H;, 3. B,H(CoCp)2

= B,H,B,,Hy, = B,H¢(BH)2 =B6H8 = B_H,,, = closo
=B12H14 N (CoCp)2 =945 =14 isolobal to 4 = C = BH
=B, H,,, so, itis closo (Co=9e;Cp=5e)

Classify as closo, nodo or arachno
2. BgH,¢
_ B,H,.s so,itisarachno



4. SByH, S has 6 electron, B has 3, H has 1; so S = BH3

= (BH3) BOH9 = B,,H,, =B H,,, = closo

n' 'n+2

5. B;H, [(Fe(CO),], [(Fe(CO)3]= 8+ 3x2 =14 isolobal to 4 = C = BH
= B;H,(BH), = B;H, =B H,,, = nido (Fe=8e; CO=2¢)
6. CB,H, Ni(PPh,), C = BH
- (BH)B4H6(BH) - BGH8 =B H JE closo NI(PPh3)2 = 10+ 2x2 =14 isolobal to 4 = C = BH
n" "n+

(Ni = 10; PPh, = 2 e)




