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Aim and scope of work

1.Systematic calculations of structure and n(C=C) and 

n(C-C) in all-trans and all-cis polyenes 

2.models: ethylene and polyenes with 2 – 14 C=C units

3.DFT (B3LYP, BLYP)

4.CBS (pc basis sets for ethylene, 6-311-++G** for 

polyenes

Theoretical support to analysis of 

Raman spectra of red coral and African 

snail 

Tools: Gaussian 09, version D.01
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Symbiosis of experiment and theory

Interpretation

Molecules

(structure, vibrations)

Theory

structure/vibrational 

parameters

Experimental 

Raman (IR) spectrum
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Theoretical calculationsa

1. Geometry optimization

2. C2H4:  DFT(BLYP, B3LYP) 

3. Basis sets: Pople type 6-311++G**, 6-311++G(3df,2pd);

Jensen’s polarization-consistent pc-n, aug-pc-n, pcseg-n, aug-

pcseg-n, n = 0, 1, 2, 3 and 4.

Polyenes: DFT(BLYP, B3LYP); 6-311++G**, 6-311++G(3df,2pd).

a Schroedinger equation is considered “a theoretical recipe” used in ab initio prediction of geometry, energy 

and spectroscopic parameters of  atoms / molecules:  HΨ = EΨ

4. Frequency calculations:

harmonic, 

anharmonic VPT2 ?

5. Comparison of theory with experiment
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CBS Estimation of NMR parameters

In thermochemistry series (hierarchies) of basis sets (aug-)cc-pVXZ 

(for X = 2, 3, 4, 5 i 6) and three-parameter exponential function are used:

Y(X) = Y(∞) + A*(exp(-B*X).

Y(∞) is estimated value of parameter in infinity (for complete basis set, X = ∞),  A i B are 

fitting parameters. A two-parameter function:

Y(X) = Y(∞) + A/X3.

Estimation of atomic or molecular parameter 

in the complete basis set limit (CBS).

T. H. Dunning, J. Phys. Chem. A, 2000, 104, 7799.

A. Halkier, W. Klopper, T. Helgaker, J. Chem. Phys., 1999, 111, 4424.
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Basis sets:
(aug)-cc-pVXZ Dunning
(aug)-pc-n Jensen

T. Kupka, C. Lim*,

“Polarization-Consistent vs Correlation-Consistent Basis Sets in Predicting Molecular and Spectroscopic Properties”,

J. Phys. Chem. A, 111, 1927-1932 ( 2007). IF=3.047 
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T. Kupka, M. Stachów, M. Nieradka, K. Radula-Janik, L. Stobiński, J. KaminskýMol. Phys.  – DOI:10.1080/00268976.2013.848301 Published online: 28 Oct 2013.

Harmonic vs anharmonic frequencies (modeling IR/Raman spectra)

VPT2 model



12



13



14



15



16

Red coral ( an art piece from Asia)



17

T. Kupka, M. Stachów, M. Nieradka, K. Radula-Janik, L. Stobiński, J. KaminskýMol. Phys.  – DOI:10.1080/00268976.2013.848301 Published online: 28 Oct 2013.
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Current status:

Experimental and theoretical studies on corals. On the nature of pigments in 

red coral and African snail shell (Helixia Aspersa)

Scheme 1. Model all-trans and all-cis polyenes containing 1-8 conjugated C=C units

Model all-trans and all-cis polyenes containing 1-8 conjugated C=C units

Ethylene and Model all-trans and all-cis polyenes 

containing 2-14 conjugated C=C units

D1 D2 D3

S1 S2CH2
CH2

CH2 CH2
D1

D2

D3

S1 S2
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(left) typical shell of Helixia Aspersa snail and (top) selected

fragments of Raman spectra (1064 nm laser beam) of (A) red

and (B) white coral, (C) dark part and (D) white part of African

snail shell
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Structural parameters and ν(C=C) harmonic and anharmonic frequencies

of ethylene calculated using BLYP and B3LYP density functionals and

selected basis sets. The CBS values were fitted with two-parameter

formula from Eq. 2.
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Ethylene: harmonic n(C=C)
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Ethylene: anharmonic n(C=C)
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T. Kupka, M. Stachów, M. Nieradka, K. Radula-Janik, L. Stobiński, J. KaminskýMol. Phys.  – DOI:10.1080/00268976.2013.848301 Published online: 28 Oct 2013.

Change of B3LYP/6-311++G** calculated 

C=C bond length in all-trans polyenes
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Change of B3LYP/6-311++G** calculated 

C=C bond length in all-trans polyenes



27
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Opposite patterns of C-C and C=C bond lengths change (B3LYP/6-311++G** 

results) along all-trans and all-cis polyene chains containing 14 conjugated 

double bonds
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Estimated C=C and C-C bond lengths for very long all-trans and all-cis polyene 

chains  (from three-parameter fitting of B3LYP and BLYP values calculated 

with 6-311++G** basis set) and deviations from the reference C=C and C-C values  
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Sensitivity of Raman active single, and double carbon-carbon stretching frequencies 

(unscaled BLYP/6-311++G** results) to the length of all-trans and all-cis polyene chains. 

The observed band positions in Raman spectra of red coral (continuous line) and 

snail Helixia Aspersa (dashed line) are also shown.
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Comparison of BLYP/6-311++G** calculated (unscaled) harmonic n(C=C) 

and n(C-C) frequencies in all-trans tert-buthyl ended polyenes containing 

3 to 12 C=C bonds with experiment. 
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Trends in deviations between B3LYP/6-311++G** calculated harmonic 

n(C=C) and n(C-C) frequencies in all-trans tert-buthyl ended polyenes 

vs. chain length. Linear fits of data points and fitting parameters are shown, too. 
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Comparison between raw and corrected B3LYP/6-311++G** calculated harmonic n(C=C) 

and n(C-C) frequencies in ethylene and all-trans C2 – C14 polyenes with measured 

Raman bands positions in red coral and snail shell pigments.
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1. Recommendations for structural, IR/Raman calculations:

Ethylene: CBS and VPT2 with Jensen basis sets (?)

Polyenes: 

structure (B3LYP/6-311++G**), 

harmonic frequencies (BLYP/6-311++G**).

2. All-trans polyenic pigments contain 

several C=C units:

9-12 (red coral)

10-14 (dark parts of African snail shell)

Conclusions:
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