
Demo in 3 parts:  
 

o Part 1: calculation of Mn(5-crown ether)2+. Ground state configuration Mn 3d^5, and 
LFDFT without and with spin-orbit coupling. 

o Part 2: calculation of Mn L2,3-edge XAS of Mn(5-crown ether)2+. XAS excited state 
configuration Mn 2p^5 3d^6 and electric-dipole transitions 3d^5 -> 2p^5 3d^6. 

o Part 3: calculation of Mn L2,3-edge XMCD of Mn(5-crown ether)2+. XAS with 
magnetic field 

 
 
 
Part 1. Calculation of Mn(5-crown ether)2+. Ground state configuration Mn 3d^5 
(without spin-orbit coupling) 
 

1. Open AMSinput (SCM ® New Input) 
2. Click Structure Tool (select Ligands/Multidedantes/5-crown ether) 

 
3. Select the central atom (formally dummy atom Xx) and replace it to Mn (go to 

Atoms/Change Atom Type) 
4. (optional but for the sake of symmetry) Edit the structure: symmetry to D5h (go to 

Edit/Symmetry/Dnh/D5h); run pre-optimization; and check bond distances (Mn-O 
should be about 2 Å) 

5. Export cartesian coordinates (go to File/Export Coordinates/.xyz) 
6. Edit the coordinates (it is important that Mn is the first atom in the coordinates list) 



Before After 

  
 
zmat.xyz 
36 
 
Mn      -0.00000000      -0.00000000       0.00000000 
O       1.65102385      -1.19953904       0.00000000 
O       1.65102385       1.19953904       0.00000000 
O      -0.63063499      -1.94089494       0.00000000 
O      -0.63063499       1.94089494       0.00000000 
O      -2.04077771      -0.00000000       0.00000000 
C       1.61908748       2.59903148       0.00000000 
C       0.21780309      -3.05433638       0.00000000 
C       0.21780309       3.05433638       0.00000000 
C       2.97215137      -0.73669880       0.00000000 
C       2.97215137       0.73669880       0.00000000 
C      -1.97150028      -2.34298859       0.00000000 
C      -1.97150028       2.34298859       0.00000000 
C      -2.83754166      -1.15098490       0.00000000 
C      -2.83754166       1.15098490       0.00000000 
C       1.61908748      -2.59903148       0.00000000 
H       2.13478017       3.00053481      -0.90399590 
H       2.13478017       3.00053481       0.90399590 
H       0.03659667      -3.68227596      -0.90399590 
H       0.03659667      -3.68227596       0.90399590 
H       0.03659667       3.68227596       0.90399590 
H       0.03659667       3.68227596      -0.90399590 
H       3.51336154      -1.10308034      -0.90399590 
H       3.51336154      -1.10308034       0.90399590 
H       3.51336154       1.10308034       0.90399590 
H       3.51336154       1.10308034      -0.90399590 
H      -2.19399483      -2.95751284       0.90399590 
H      -2.19399483      -2.95751284      -0.90399590 
H      -2.19399483       2.95751284      -0.90399590 
H      -2.19399483       2.95751284       0.90399590 
H      -3.49074355      -1.17269135      -0.90399590 



H      -3.49074355      -1.17269135       0.90399590 
H      -3.49074355       1.17269135       0.90399590 
H      -3.49074355       1.17269135      -0.90399590 
H       2.13478017      -3.00053481      -0.90399590 
H       2.13478017      -3.00053481       0.90399590 
 

7. Open AMSinput (SCM ® New Input) 
8. File ® Import Coordinates …, import the earlier xyz file (with Mn atom on top the 

coordinate list) 
9. Define the calculation details in the Main panel: 

Task ® Single Point 
Total charge ® +2 
XC functional ® LDA 
Relativity ® Scalar 
Basis set ® DZ 
Frozen Core ® None 
Numerical Quality ® Normal 

 
10. In the panel bar select Details ® Symmetry 

In the Symmetry panel, choose NOSYM 
11. Before we set occupation number and LFDFT, we have to do a preliminary run. To get 

is quicker, we can set Maximum number of SCF cycles to 0 (go to Details/SCF/). 
File ® Save 
File ® Run 
 



12. This is a preliminary check for occupation number. The calculation may not converge 
(or no SCF at all), but the output can be used to set fractional occupation or molecular 
orbitals. When the calculation is done. 
In the panel bar select Model ® Spin and Occupation 
In Spin and Occupation, upload the adf.rkf file from the previous calculation, and 
revise the occupation number insofar as 138 electrons are restricted to closed shell, and 
5 valence electrons are evenly distributed over the 5 molecular orbitals that are 
identified with large atomic Mn 3d characters: 

 
13. To enable LFDFT calculation: 

In the panel bar select Properties ® Ligand Field DFT 
In the Shell 1 panel, set MO indices ® 70 71 72 73 74 
In the Shell 1 panel, set n ® 3 
In the Shell 1 panel, set l ® 2 
In the Shell 1 panel, set Spin-Orbit scaling factor ® 0.0 
Set the Degeneracy Threshold to set 10E-06 eV (go to Degeneracy Threshold) 



 
14. Do not forget to set Maximum number of SCF cycles to different than 0 ((go to 

Details/SCF/Maximum number of SCF cycles). 
15. File ® Save 
16. File ® Run 

Results 
In the .out file, we can see the MO occupations and orbitals that are involved in the 
LFDFT calculation, which should look like the following: 
 

 



 
MO A 70, 71, 72, 73, 74 that are predominant Mn 3d orbitals are occupied with 
fractional electrons (5/5 = 1.00). 
In the .out file, the LFDFT results are listed: (Note that spin-orbit coupling was earlier 
set to 0) 

 



 
 
 
Part 2. Calculation of Mn L2,3-edge XAS of Mn(5-crown ether)2+. Ground state 
configuration Mn 3d^5, XAS excited state configuration Mn 2p^5 3d^6 (with spin-orbit 
coupling), and electric-dipole transitions 3d^5 -> 2p^5 3d^6 
 

1. Redo Part 1 by including spin-orbit coupling in LFDFT. This is the calculation for the 
ground state (go to Properties/Ligand Field DFT/ and set Spin-Orbit scaling factor 
to 1.0) 

2. File ® Save 
3. File ® Run 

Results 
the LFDFT results are listed: 



 

 
4. Run the calculation for the X-ray excited states (two open-shell configuration 2p^5 

3d^6) 
First, we set the occupation number of the molecular orbitals. For that, we go to Model 
® Spin and Occupation 
In Spin and Occupation, upload the adf.rkf file from the previous calculation, and 
revise the occupation number as follows:  
MO A 1 and 2 are closed shell (they correspond to Mn 1s and 2s) 
MO A 3, 4 and 5 are occupied with 5/3 electrons (they correspond to Mn 2p) 
MO A 6, … 69 are closed shell 
MO A 70, 71, 72, 73, 74 are occupied with 6/5 electrons (they correspond to Mn 3d) 



 

 
To enable LFDFT calculation: 
In the panel bar select Properties ® Ligand Field DFT 
 
In the Shell 1panel, set MO indices ® 3 4 5 
In the Shell 1 panel, set n ® 2 
In the Shell 1 panel, set l ® 1 
In the Shell 1 panel, set Spin-Orbit scaling factor ® 1.0 



 
In the Shell 2 panel, set MO indices ® 70 71 72 73 74 
In the Shell 2 panel, set n ® 3 
In the Shell 2 panel, set l ® 2 
In the Shell 2 panel, set Spin-Orbit scaling factor ® 1.0 
 
In the panel Excitations from, upload adf.rkf that was generated in point 3. 
 

5. File ® Save 
6. File ® Run 

Results 
Open AMSspectra, go to Spectra/Ligand Field DFT/LF Excitations 

 
 
 
Part 3. Calculation of Mn L2,3-edge XMCD of Mn(5-crown ether)2+. Ground state 
configuration Mn 3d^5, XAS excited state configuration Mn 2p^5 3d^6 (with spin-orbit 
coupling and magnetic field), and electric-dipole transitions 3d^5 -> 2p^5 3d^6 
 

1. Redo Part 2 by including Magnetic Field in LFDFT for both the ground and XAS 
excited state configurations (go to Properties/Ligand Field DFT/ and set Bfield to 0.0 
0.0 1.0) 

2. File ® Save 
3. File ® Run 

Results 
For the ground configuration, the output looks as follows (No degeneracy because of 
the Zeeman interaction). 



 
For the XAS excited configuration, open AMSspectra, go to Spectra/Ligand Field 
DFT/LF MCD 

 
 

 
 
  



 


