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Hartree-Fock 6-31G(d) calculations on H2: 

If an EXCEL spreadsheet is generated, then it may be printed out, and attached to this report in lieu of this first page of the lab report.
The data on this page will be generated as a class, with different students performing different calculations.

	H-H distance (Å)
	Energy (au)
	Energy (kJ/mol)
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Electron density in H2:
	What value of H-H distance was used as the input geometry for your electron density figure calculation?  (The appearance will depend somewhat on the H-H distance used).
	H-H distance = ___________ Å

	Sketch the outline of the electron density.  Put a bunch of “+” signs on regions of positive electrostatic potential, and “–“ signs on regions of negative electrostatic potential.
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Questions:
1. Based on the graph (previous page), at what distance is the molecular energy minimized?.  This distance is called the equilibrium bond length (often called simply the bond length), and the minimum energy is the energy predicted for the H2 molecule.

Equilibrium Bond Length from Graph: ______ Å.  Molecular Energy: __________ kJ/mol
2. Compare this with the bondlength found by WebMO in its Geometry Optimization calculation.  Are these results consistent with your answers given above?

Computed Equilibrium Bond Length: ________ Å.  Molecular Energy: ___________ kJ/mol

3. The molecular energy is (E for 2 H+(g) + 2 e–(g) ( H2(g).  The energy of the H atom is (E for H+(g) + e–(g) ( H(g), which is –IE = -1312.0 kJ/mol.  Draw a horizontal line on the graph indicating the energy of two (isolated) H atoms.  This is the energy for H-H distance  ∞.  Now calculate (E for H2(g) ( 2 H(g), the bond energy for the H-H bond.  (This calculated bond energy is about 20% low due to the limitations of the approximations of the Hartree-Fock/6-31G(d) model chemistry).
Results from Hartree-Fock 6-31G(d) equilibrium geometry calculations on HX. 
Check boxes to the left of calculations performed personally

	check if personal
	M*
	X=
	Dipole points at (H or X)
	Dipole moment (Debye)
	Electrostatic charge on X
	Bond Length (Å)
	Estimated covalent radius of X (Å)
	Atomic radius from literature:** (Å)
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* -M denotes multiplicity 

** - Indicate source of “literature” atomic radii (textbook and page number, or other source):
(1) The table below shows the order of the X elements in terms of their Pauling electronegativities (values taken from W. Reusch, Virtual Organic Chemistry, http://www2.chemistry.msu.edu/faculty/reusch,VirtTxtJml/intro2.htm#strc3, 10/17/2010).   In the bottom row of the table, add the calculated electrostatic charges (of X) in HX.  

	Electro-negativity
	Na

0.90
	Li

0.98
	Mg

1.31
	Be
1.57
	Al
1.61
	Si

1.90
	B

2.04
	P
2.19
	H
2.20
	C
2.55
	S
2.58
	N

3.04
	Cl

3.16
	O

3.44
	F

3.98

	Charge on X
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Are the orders in terms of electronegativities and electrostatic charges generally similar?  Identify any cases where the electrostatic charge results seem out of order. 

(2) As one moves left to right across the periodic table, does the size of atoms get bigger or smaller?  

What about when one moves down in the periodic table?

(3) Is there good agreement (discrepancy of less than 0.1 Å) between the estimated covalent radii of X and the “atomic radii” from your textbook?  If not, which elements show deviations greater than 0.1 Å?  (A possible explanation for discrepancies is that the table of atomic radii may combine metallic and covalent radii; metallic radii tend to be about 0.3 Å larger than covalent radii).
Results from O2  Multiplicity Variance Calculations: Singlet vs. Triplet

(1) Record the energy values from the singlet and triplet O2 molecular energy calculations:

Singlet O2    Energy = ____________kJ/mol   
Bond length= = ____________Å
Triplet O2    Energy =_____________kJ/mol

Bond length= = ____________Å

(2) Do the results of your molecular energy calculations support the experimental result that O2 is a paramagnetic molecule? Hint: Recall multiplicity=2S+1 where S=total spin. 

Results from Additional Calculations: 

Attach a paragraph or two summarizing the results of your additional calculations (if performed).  Make it clear at the outset what problem you were investigating.  Include a table of results and/or figures of molecular orbitals, as appropriate.
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