Solving Matrix Determinants for Molecular Orbital Calculations

Draw the molecule and number the atoms involved in the  system.  Do not number extra carbons or substituents.







Open Maple 13.  Select the Matrix drop-down menu (on left) to draw a symmetrical, N x N matrix, such that N is the number of atoms in the  system.  Under ‘type’, select a zero-filled matrix.  Insert the matrix.  Each row and column represents a carbon in the  system.  Change the values to ‘1’ or ‘x’ as appropriate (‘x’ for identity elements, ‘1’ for attached atom combinations, ‘0’ for non-attached atom combinations).  Unless otherwise specified, the matrix is assumed to be equal to zero.



Right-click the matrix to evaluate its determinant.  On the drop-down menu that appears, select ‘Standard Operations | Determinant’.  This will produce a polynomial on the order of the matrix (N) which is assumed to be equal to zero.  


To determine the roots of this expression (values for x), right-click the equation (drop-down menu) and select ‘solve | numerically solve’.  This gives the allowed values for ‘x’ in the polynomial in ascending order.
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These are the values of x in the expression


	+1.775
-	-
	-0.186
	-1.36
	-2.228



From the matrix, a system of equations may be defined in order to determine the coefficients for each atomic orbital () in each molecular orbital   There are N solutions to this system (one for each value of x, i.e., one for each molecular orbital).

c1x + c2 + c3 = 0
c1 + c2x+ c3 = 0
c1 + c2 + c3x + c4 = 0
c3 +c4x + c5 = 0
c4 +c5x + c6 = 0
c5 + c6x = 0
c12 + c22 + c32 +c42 +c52 + c62 = 1 (normalization)




	

	x
	c1
	c2
	c3
	c4
	c5
	c6

	6
	1.775
	0.196
	0.196
	-0.545
	0.574
	-0.474
	0.267

	5
	1
	0.756
	-0.567
	-0.189
	0
	0.189
	-0.189

	4
	1
	0
	0.5
	-0.5
	0
	0.5
	-0.5

	3
	-0.186
	0.284
	0.284
	-0.231
	-0.610
	0.117
	0.632

	2
	-1.36
	-0.273
	-0.273
	-0.099
	0.413
	0.660
	0.485

	1
	-2.228
	0.485
	0.485
	0.595
	0.357
	0.201
	0.090



Electron Density:
							i = atom identity
qi = 					 = molecular orbital identity
					n = number of electrons in 

q1 = 2(0.485)2 + 2(-0.273)2 + 2(0.284)2 + 0(0)2 + 0(0.756)2 + 0(0.196)2 			= 0.781

q2 = 2(0.485)2 + 2(-0.273)2 + 2(0.284)2  						= 0.781

q3 = 2(0.595)2 + 2(-0.099)2 + 2(-0.231)2  						= 0.834

q4 = 2(0.357)2 + 2(0.413)2 + 2(-0.610)2  						= 1.340

q5 = 2(0.201)2 + 2(0.660)2 + 2(0.117)2  						= 0.979

q6 = 2(0.090)2 + 2(0.485)2 + 2(0.632)2  						= 1.285

Charge Density:		i = 1 - qi

1 = 0.219	2 = 0.219	3 = 0.166	4 = -0.340	5 = 0.021	6 = -0.285

Bond Order:
							i, j= atom identities
pij =					 = molecular orbital identity
					n = number of electrons in 

p1,2 = 2(0.485)(0.485) + 2(-0.273)(-0.273) + 2(0.284)(0.284)  			= 0.781
p1,3 = 2(0.485)(0.595) + 2(-0.273)(-0.099) + 2(0.284)(-0.231)			= 0.500
p2,3 = 2(0.485)(0.595) + 2(-0.273)(-0.099) + 2(0.284)(-0.231)  			= 0.500
p3,4 = 2(0.595)(0.357) + 2(-0.099)(0.413) + 2(-0.231)(-0.610)  			= 0.625
p4,5 = 2(0.357)(0.201) + 2(0.413)(0.660) + 2(-0.610)(0.117)			= 0.545
p5,6 = 20.201)(0.090) + 2(0.660)(0.485) + 2(0.117)(0.632)			= 0.825

Free Valence:
Fi = 

F1 = 1.732 – (0.781 + 0.500)		= 0.451
F2 = 1.732 – (0.781 + 0.500)		= 0.451
F3 = 1.732 – (0.500 + 0.500 + 0.625)	= 0.107
F4 = 1.732 – (0.625 + 0.545)		= 0.562
F5 = 1.732 – (0.545 + 0.852)		= 0.335
F6 = 1.732 – (0.825)			= 0.907
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