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MOLECULAR MODELLING EXERCISES  
 
Exercise 17.3  Histamine 
 
Introduction 
In this exercise, you will generate the partial charges, dipole moments, electrostatic potential 
maps, and molecular orbitals for histamine, both as the free base and the ionized form (Fig. 1) 
(textbook sections 17.7.1 and 17.7.2) 
 
 
 
 
 
 
 
 
 
Figure 1 Histamine. 
 
Instructions 
It is suggested that you attempt to carry out the following instructions yourself before 
following the more detailed Procedures that follow. You may find the file entitled Common 
Operations for ChemBio3D/Chem3D a useful guide on how to carry out various operations.  
 
Part A 
*Create the energy-minimised 3D structure of histamine from its ChemDraw file.  
*Calculate the partial charges and identify what these are for the three nitrogen atoms in the 
structure. 
*Display the partial charges by colour on the structure. 
*Use the interface with GAMESS software to calculate the dipole moment, as well as Lowdin 
and Mulliken charges. 
*Using GAMESS calculations, generate an electrostatic potential map and display it as a wire 
mesh. 
*Using GAMESS calculations, generate the HOMO and LUMO molecular orbitals for the 
structure, and determine their energies. 
 
Part B 
Repeat the above tasks with the protonated histamine ion, starting from the ChemDraw file 
labeled histamine ionTautI.cdx. 
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PROCEDURES 
There are various approaches that you can use to tackle these molecular modelling exercises. 
The following procedures illustrate how you might tackle this particular exercise, but they are 
not meant to be prescriptive. Note also that the results obtained may vary depending on the 
computer and the version of ChemBio3D or Chem3D used. For example, the specific 
conformations obtained from energy minimisation may differ, as may quantitative results 
such as steric energies. 
 
1. Create the energy-minimised 3D structure of histamine.   
*Open ChemBio3D or Chem3D. 
*From the File menu, choose Open, then select the ChemDraw file for histamine. Click Open. 

*Energy minimize  the structure. You should get a steric energy of about 12.0 kcal/mol 
for the energy-minimised structure (Fig. 2). The steric energy is provided in the bottom 
window. 
 

 
Figure 2  Energy-minimised structure of histamine. 
 
2. Calculate partial charges 
*From the Calculations menu, choose Extended Huckel, then Calculate Charges.  
*Open the Atom Property Table if it is not already open. The table can be opened by clicking 
the tab to the left of the main window. It can also be opened from the View menu by choosing 
Atom Property Table. You may have to expand the window if it is not fully open. The table 
shows all the calculated partial charges (Fig. 3A).  
*To view the relevant serial numbers indicated in the table, go to the View menu and choose  
Model Display. Select Show Serial Numbers. The serial atoms will be revealed on the 
structure (Fig. 3B). The partial charges for the nitrogen atoms with serial numbers 1(NH), 3 
(N) and 8 (NH2) are 0.4824, -0.4435, and -0.2869 respectively 
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  A       B 
Figure 3 A) Atom Property Table and B) Serial numbers. 
 
3. Display partial charges by colour 
It is possible to display partial charges by colour on the model, with red corresponding to 
positive charge and blue corresponding to negative charge.  
*From the File menu, choose Model Settings, then select the Colors and Font tab.  
*Under Color by, choose Atom Properties, then select Charge (Huckel). 
*Select a colour band.  
*In the min/max text boxes, select the range of calculations to be coloured. For the full range, 
click Scan Value Range.  
*Select the Preview check box at the bottom of the dialogue box and click Apply. If happy with 
the result, click OK (Fig. 4).    
 

 
 
Figure 4  Partial charges by colour. 
 
*To revert back to the original colouring system, go back into the Model Settings window in 
the File menu and select Color by Element.  
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*Remove the serial numbers by going back into the Model Display window in the View menu 
and selecting Show Serial Numbers.  
 
4. Calculate the dipole moment and molecular electrostatic potential  
A new calculation is required for this, which involves GAMESS software. This is a freeware 
program that is not part of ChemBio3D or Chem3D. However, there may be an interface in the 
calculations menu that allows you to access GAMESS on the internet.  
*From the Calculations menu, choose GAMESS interface, then Compute Properties.   
*Click All Properties then click Run. A black circular arrow rotates in the top menu bar to 
show that calculations are taking place.  
*When the calculations are finished, a window appears asking if you wish to view the dipole 
moment.  Click on Yes. The dipole moment is given in the bottom window as 5.18 Debye. The 
dipole moment itself appears on the model (Fig. 5). 
 

     
 
Figure 5 Dipole moment for histamine taken from two different perspectives. 
 
Note 1 Not all versions of Chem3D have the interface with GAMESS. 
Note 2 The magnitude of the dipole moment may differ slightly from run to run. For example, 
a second calculation gave the dipole moment as 5.46 debye. 
 
5. Identify the partial charges calculated by GAMESS in the Atom Properties table. 
*Open the Atom Properties table. The Atom Properties table has now been modified and 
includes the calculations carried out by the GAMESS program (Fig. 6). There are two columns 
entitled Lowdin Charges and Mulliken Charges. These are partial charges that have been 
calculated in a different way from the Huckel charges. 
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Figure 6  Modified Atom Properties table. 
 
6. Generate an electrostatic potential map  
*From the Surfaces menu, select Choose Surface, then Molecular Electrostatic Potential. A 
window comes up to show a calculation is taking place. Wait until that window disappears. 
*The electrostatic potential map will appear automatically once the calculation is complete.  
*To vary its appearance, go into the Surfaces menu, then select Display Mode. Choose from 
Solid, Wire Mesh, Dots, or Translucent. The following diagram is wire mesh (Fig. 7). 
 

.       
Figure 7  Molecular electrostatic potential as a wire mesh from two perspectives. 
 
7. Calculate the HOMO and LUMO Molecular Orbitals 
The following molecular orbitals were calculated using GAMESS. 
*From the Surfaces menu, go to Choose Calculation Result, then choose GAMESS Interface. 
*From the Surfaces menu, go to Choose Surface, then Molecular Orbital.  
*Once the calculation is completed, the default molecular orbital shown is the highest 
occupied molecular orbital (HOMO) (Fig. 8). 
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Figure 8  The HOMO orbital for the free base (-8.556 eV)   
 
To get the LUMO orbital, carry out the following procedure: 
*From the Surfaces menu, choose Select Molecular Orbital.  
*From the list of MOs shown, select LUMO from the list (Fig. 10). The energies of the 
molecular orbitals are also obtained from this list. 
 
 
 

 
Figure 9 List of molecular orbitals and their energies. 
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Figure 10  The LUMO for the free base (6.257 eV). 
 
Note: The values of molecular orbital energies vary slightly from run to run. 
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PART B  The histamine ion 
 
1. Create the energy-minimised structure of the histamine ion. 
*From the File menu, choose Open, then select the ChemDraw file for histamine ion TautI.cdx. 
Click Open. 

*Energy minimize  the structure. The steric energy should be 13.6 kcal/mol for the final 
structure (Fig. 11).  
 

 
Figure 11  Energy-minimised structure of the histamine ion. 
 
2. Calculate the partial charges  
The partial charges are calculated and displayed as described in part A to give the following 
results (Figs. 12). 
 

    
  A      B 
Figure 12 A) Partial charges and B) serial numbers. 
 
The partial charges for the relevant nitrogen atoms are 0.4841, -0.4429, and +0.5857 
respectively. This compares with the partial charges for the free base of  0.4824, -0.4435, and -
0.2869. The significant difference is with the terminal nitrogen as one would expect.  
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3. Display partial charges by colour 
The molecule can be coloured by partial charge as described in Part A. This also demonstrates 
the difference in partial charge between the free base and the ionised version (Fig. 13A). 
 
 

 
 
 
Figure 13  A) Colouring of the histamine ion by partial charge. B) Colouring of the free base of 
histamine by partial charge. 
 
4. Calculate the Dipole Moment. 
The same procedure is followed as described in Part A to give a dipole moment of 12.07 
debye, which is significantly larger than for the free base (as one would expect) (Fig. 14). The 
direction of the dipole moment is also totally different. 
 

 
Figure 14  Dipole moment for the histamine ion. 
 
Note: The magnitude of the dipole moment can differ slightly from run to run. For example, 
another run gave it as 11.33 Debye. 
 
The Atom Properties table now contains the calculations carried out by GAMESS (Fig. 15). 
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Figure 15 Modified Atom Properties window. 
 
5. Calculate the Molecular Electrostatic Potential Map. 
 The Molecular Electrostatic Potential map is calculated as described in Part A and is shown in 
figure 16 as having one region of negativity around the nitrogen atom. 
 
 

   
 
 
 
Figure 16 Molecular Electrostatic Potential map. 
 
 
6. Calculate the HOMO and LUMO molecular orbitals 
The same procedures described in Part A were used to identify the HOMO orbital (Fig. 17) as 
having an energy of -11.941ev and the LUMO orbital (Fig. 18) as having an energy of 0.081ev. 
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Figure 17 HOMO for ion (-11.941ev) 
  

    
 
Figure 18 LUMO for ion (0.081ev) 
 
 
 


