
 

SPECTROSCOPY 

Laboratory no. 3 

1. Familiarize yourself with the information that allows you to answer the following questions: 

a. How to calculate the energy of harmonic, classical and quantum oscillator? 

b. How to create a Z-martix in Gaussian? 

 

2. Run the Gaussian software 

 

3. Optimization of formaldehyde geometry. 

Click File -> New. In the Job Entry window, in the Molecule Specification area create a 

Z/matrix of formaldehyde by using the convention of determining atoms as in the picture 

below. 

 
Use the following data: 

Bond length C=O: 1.1480 Å 

Bond length C-H: 1.0914 Å 

HCO angle: 122.14 ° 

Torsion angle: 180 ° 

 

4. In the area of % Section create a Checkpoint (a temporary storage space for the results of 

calculations) using command %Chk=<any name>. The optimized structure will be saved in 

this collection file. 

 

5. In the Route Section, enter the command for geometry optimization calculations in the 6-

31G* database, using the RHF (Restricted Hartree-Fock) calculation. Command: 

#RHF/6-31G(d) FOpt=Z-matrix Test 

 

6. In the Title Section, enter the title of the calculation, any name, e.g. “Optimization 

formaldehyde”. 

 

7. In the Charge & Multipl specify the total charge of the molecule and the multiplicity of the 

term, so enter 0 1. 

 

8. Click the Run button and wait for the calculation to finish. 

 

 



 

9. Calculation of the formaldehyde vibration frequency 

Enter the following commands in the Job Entry area to calculate the vibration frequencies 

%Chk=<any name> 

#RHF/6-31 G(d) Freq Geom=Allcheck Test 

 

Calculations of vibrations frequencies 

Note that there is no line in the set that introduces an optimized geometry in the form of Z-

matrix for formaldehyde. It is not needed, because with the command %Chk=<any name> 

and the command Geom=Allcheck, the task of computing of vibrational frequencies imports 

the needed Z-matrix from the checkpoint file <any name> 

 

10. The comparison between vibrational frequencies of formaldehyde calculated in Gaussian and 

obtained from experimental Raman and IR spectra 

Complete the table 

Frequency 

(experimental) 

Gaussian 03W 

(theoretical) 

IR Raman 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

11. Interpretation of the calculated normal modes formaldehyde  

Look at the standard orientation of the molecule in equilibrium. 

 



Look at the atoms displacements from the equilibrium position for 1804.46 cm-1 vibration 

given in the table below: 

Atom AN X Y Z 

1 6 0.0 0.0 0.58 

2 8 0.0 0.0 -0.41 

3 1 0.0 -0.46 -0.19 

4 1 0.0 0.46 -0.19 

 

These values mean that carbon and oxygen atoms move in opposite directions (along the Z 

axis). It is a stretching vibration of the carbonyl group (C=O) having a minor contribution from 

the bending mode that involves ∠ H-C-H. The vibration is illustrated in figure below: 

 
Make analogous tables for the other vibration modes, illustrate them well and give an 

interpretation of the type of vibration 

12. Calculation of thermochemical quantities 

Gaussian also calculates thermodynamic quantities, such as thermal energy, thermal capacity 

and entropy. Find the values and compare them with the experimental values. 

13. Vibrational energy at 0K (Zero-Point Energy) 

Find the vibrational energy at 0K (Zero-Point Energy). Answer why the molecule vibrates at a 

temperature at which all motion falls in line with classical physics? 

14. Prepare a report on the performed exercise. 

a. Theoretical background  

b. Aim and description of the performed  

c. Printout of Gaussian output files 

d. Printout and interpretation of the experimental spectrum of formaldehyde 

e. Analysis of calculated formaldehyde vibrations, including drawings of vibrational 

modes 

f. Conclusions 

g. Literature references. 

Deadline for report submission: 2 weeks from the date of laboratory  

Please leave your printed and signed reports in secretary (first door in left corridor from entrance of 

Institute) 


