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Abstract: This research focuses on the photochemical activities of Ricinodendron heudeulotii (AKPI) oil, a fatty acid. In 
general, the latter, a bioactive organic compound, is employed to fight the atherosclerosis, the hypertension, the obesity, or the 
cancer. Ricinodendron heudeulotii oil contains mainly α-eleostearic acid C18:3c,t,t. This is characterized by its absorbance in 
ultraviolet or fluorescent light. It can isomerize into β-eleostearic acid C18:3t,t,t and catalpic acid C18:3t,t,c upon exposure to 
sunlight. The second compound is non-existent in those of certain plants containing the other two. In AKPI oil, it is in the 
minority. This work aims to explain the basis of its low proportion. The resources of theoretical chemistry were employed. The 
HF and DFT computations were carried out with the Gaussian09 software. DFT was combined with the B3LYP functional and 
the 6-311G, 6-311G (d, p), 6-311++G (d, p) basis sets to generate the geometries and calculate the isomer energies. The 
transition states were determined at the DFT level linked to the same functional and 6–311++G(d, p) base sets. They were carried 
out according to QST2 protocols. In addition, the low proportion of catalpic acid C18:3t,t,c was explained. It was founded on the 
recurring instability of α-eleostearic acid C18:3c,t,t compared to β-eleostearic acid C18:3t,t,t. Furthermore, the kinetic process of 
the first compound’s conversion to the second was established. 
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1. Introduction 

Dietary lipids come from the animal and plant kingdom. 
Fatty acids are their main components. They are classified 
into saturated and unsaturated groups. The latter are 
monounsaturated or polyunsaturated. Some linoleic and 
linolenic forms are bioactive molecules; they fought against 
atherosclerosis and high blood pressure. Their 
anti-inflammatory and anti-tumor characteristics are very 

beneficial to human health [1–5]. Ricinodendron heudelotii is 
an extremely prized foodstuff for these nutritional qualities. 
These are related to its oil chemical composition and its 
specific aroma. The insect proliferation is combated by its 
bioactive constituents [6]. The α-eleostearic acid C18:3c,t,t 
or 9Z, 11E, 13E, octadecatrienoic acid is its main component. 
The activities of phospholipases on lipids esterified with 
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these fatty acids are labelled by its spectrophotometric 
properties. [7]. According to [8, 9], the transformation of 
α-eleostearic acid C18:3c,t,t into its conformers β-eleostearic 
C18:3t,t,t and catalpic C18:3t,t,c is ensured. These changes 
are highlighted by experiments [10]. The major component 
of the ricinodendron heudeulotii crude oil is represented by 
the α-eleostearic acid C18:3c,t,t [11, 12]. The α-eleostearic 
acid C18:3c,t,t has decreased over time while that of 
β-eleostearic acid C18:3t,t,t has increased. The second 
constituent proportion is medium. That of catalpic acid 
C18:3t,t,c is very low, or even non-existent as in tung [13], 
flax [14] and soybean oils [15]. Their ratios are varied. 
However, their basis is not specified. In particular, the 
foundation of the catalpic C18:3t,t,c acid modest percentage 
is not justified. The action of enzymes cannot be explained 
by it. Here, the conversion of α-eleostearic acid C18:3c,t,t is 
identified. The proportion of the acids related to its 
metabolism is provided. The theoretical methods are 
employed for this purpose. Their HF and DFT levels are 
implemented [16-18]. The density functional B3LYP for the 
latter has been exploited with the bases of functions such as 
6–311 G, 6–311 G (d, p), 6–311++G (d, p). The conversion 
of α-eleostearic C18:3c,t,t acid into β-eleostearic C18:3t,t,t 
acid and catalpic C18:3t,t,c acid is demonstrated. The low 
proportion or the non-existence of the hindmost in the 
Ricinodendron heudeulotii oil in certain dried fruits is 
justified. 

2. Material and Methods 

The geometries of α-eleostearic acid C18:3c,t,t, 
β-eleostearic acid C18:3t,t,t and catalpic acid C18:3t,t,c were 

optimized from standard geometrical parameters. The cis and 

trans-carbon configurations were respected in the Z-matrix 

constructions by GaussView06. HF and DFT calculations 

were performed by Gaussian09 software [19]. The density 

functional B3LYP at the DFT level was utilized for its 

popularity and quality of results. It associates the set of 6–
311G, 6–311G(d,p), 6–311++G(d,p) bases. The transition 

states (TS) related to photoisomer conversion were 

determined at DFT degrees by the B3LYP⁄6–311++G(d, p) 
functional. They were carried out by QST2 protocols using 

two optimized structures. All geometry adjustments were 

verified by vibrational frequency calculations. 

3. Results and Discussion 

The relative stability of the photoisomers was evaluated by 

the electronic energies. The following section details their 
differences. 

3.1. Energy Parameters of the Photoisomers 

The three photoisomers are isoelectronic molecules. Their 
optimization structures at the DFT/B3LYP/6-311++G(d,p) 
level of theory are shown in Figure 1. 

 

α-eleostearic C18:3c,t,t acid 

 

β-eleostearic C18:3t,t,t acid 
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Catalpic C18:3t,t,c acid 

Figure 1. Molecular Structures of α-eleostearic C18: 3c, t, t acid and its Photoisomers. 

A linear appearance to the β-eleostearic acid C18:3t,t,t was given 
by the transformation from the cis to trans-of C9. A curved one to 
the catalpic acid is obtained with the changes from the C13 
trans-configuration of carbon to the cis configuration. This curvature 

was less pronounced compared to that of the α-eleostearic acid 
C18:3c,t,t. The energy values of these molecular systems after the 
geometry optimizations allowed them to be classified by their 
stability. This property is mentioned in the following part. 

Table 1. Gaps ∆E1, ∆E2 and ∆E3 of Electronic Energies Between the α-eleostearic acid C18:3c,t,t, the β-eleostearic acid C18:3t,t,t and the catalpic acid 

C18:3t,t,c in kcal/mol. 

Computation level HF DFT/B3LYP 

Basis set 6-31G 6-311G 6-311G(d, p) 6-311++G(d, p) 

∆E1 5.020 5.020 5.020 5.648 
∆E2 3.137 3.765 3.765 4.393 
∆E3 1.883 1.255 1.255 1.255 

 

3.1.1. Stability of the Photoisomers 

Table 1 gathers the energetic gaps between the photo-isomers. 
The differences between their electronic energies after the 
geometrical optimizations were related to the latter. ∆E1, ∆E2 
and ∆E3 respectively were those denoted between the 
α-eleostearic acids C18:3c,t,t and the β-eleostearic acids 
C18:3t,t,t. Then, they are referred to those between the first cited 
and catalpic acids C18:3t,t,c and finally between the second one 
and catalpic acids C18:3t,t,c. These results indicated that ∆E1> 
∆E2> ∆E3 for both levels of calculation. In the 
B3LYP/6-311++G(d,p) bases at the DFT degree, the electronic 
energy of the fatty acids was such that: E(C18:3c,t,t)> 
E(C18:3t,t,c)> E(C18:3t,t,t). They were respectively worth in 
atomic units (-854,670) (-854,677) and (-854,679). 

The order of the energies remained the same in the other 
basis sets and at all levels of computation. The results are 
refined with the B3LYP/6-311G(d,p) and 
B3LYP/6-311++G(d,p) bases. The polarization and diffuse 
functions were contributed to a better description of the 
photoisomers energy levels. The energies of the α-eleostearic 
acid C18:3c,t,t (6902 kcal/mol), the β-eleostearic acid 
C18:3t,t,t or the catalpic acid C18:3t,t,c (7530 kcal/mol) were 
stabilized by the polarization functions with the 
B3LYP/6-311G(d,p) calculations. The latter were found to be 
important. The ∆E1 gaps stayed the same (5,020 kcal/mol) for 

HF/6-31G and for B3LYP/6-311G and B3LYP/6-311G(d, p) 
at the DFT level. They increased to 5,648 kcal/mol for 
B3LYP/6-311++G(d, p). The ∆E2 was also identical for the 
first two basis sets (3,765 kcal/mol) at the same degree. But it 
was lower than that of the largest ones (4,393 kcal/mol). The 
∆E3 does not change for the calculations at the DFT level 
(1,255 kcal/mol). It was equalled to 1,883 kcal/mol in 
HF/6-31G. 

The stability energies of the photoisomers were ranked 
from the most to the least robust in the following order: the 
β-eleostearic acid C18:3t,t,t, the catalpic acid C18:3t,t,c and 
the α-eleostearic acid C18:3c,t,t. The α-eleostearic acid 
C18:3c,t,t was converted to the β-eleostearic acid C18:3t,t,t or 
the catalpic acid C18:3t,t,c; this last was transformed to its 
β-eleostearic C18:3t,t,t isomer. The mutation possibilities are 

discussed with the activation energies in the next section. 

3.1.2. Transition State Between Photoisomers 

The electronic energies of the photoisomers were well 
evaluated by the largest basis set at DFT level. Those of the 
transition states are determined with them by the QST2 
protocol. Their activation energies are summarized in Table 
2. Their energy profiles between the photoisomers are shown 
in Figure 2. Their energy gaps with respect to them are 
illustrated. They were closely related to the kinetics of the 
transformation. 

Table 2. Energy Levels in the Transition State (ua) and Activation Energy (kcal/mol) of the Transformations Calculated at the DFT Level by B3LYP/6-311++G(d, 

p). 

Transitions states (TS) Electronic energies (ua) Activation barrier EA (kcal/mol) 

TS₁ (CTT-TTT) -854.665367 3,138 
TS₂ (CTT-TTC) -854,664007 3,765 
TS₃ (TTT-TTC) -854,674798 2,637 
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Figure 2. Reaction Paths, Transition States and Activation Energies Associated with Photoisomer Conversions of α-eleostearic acid. 

The photo-conversion of the α-eleostearic acid C18:3c,t,t to 
the β-eleostearic acid C18:3t,t,t. was described by the pathway 
E1 in a solid line. That of its transformation into the 
β-eleostearic acid C18:3t,t,t via catalpic acid C18:3t,t,c was 
corresponded to the E2 in a dotted line. The α-eleostearic acid 
C18:3c,t,t was the highest. It can be converted into the other 
two. An activation energy of 3.138 kcal/mol was required for 
the change to β-eleostearic acid C18:3t,t,t. It was lower than 
that of its mutation to the catalpic acid C18:3t,t,c; It equalled 
to 3.765 kcal/mol. The first transition was the most favourable. 
However, the second was likely remained; the activation 
energy between the two transformations was deviated by only 
0.627 kcal/mol. In addition, the energy level of the catalpic 
acid C18:3t,t,c was intermediate between those of the 

α-eleostearic acid C18:3c,t,t and the β-eleostearic acid 
C18:3t,t,t. The latter transition corresponded to an activation 
energy of 2.637 kcal/mol. It was much more labile than the 
other two. Moreover, it could only occur after the first step 
disadvantaged the activation barrier of 3.765 kcal/mol. A total 
energy of 6.402 kcal/mol versus 3.138 kcal/mol was required 
for the dotted pathway to convert α-eleostearic acid C18:3c,t,t 
to β-eleostearic acid C18:3t,t,t. The experimental observations 
were corroborated; the exposure to daylight of crude 
petroleum had simulated those obtained using the Sun Test. 
These results are below illustrated in Figure 3. The tracing of 
the fatty acid profiles was carried out following the different 
vegetable oil samples subjected to UV light for 4h, 8h and 
12h. 

 

Figure 3. Evolution of fatty acid profiles of crude oil modified by UV Sun Test. 

The downward trend in α-eleostearic acid C18:3c,t,t content 
was evident. The fall in concentration was strong at 4h of 
exposure to UV. It was carried out in favour of those of the 

β-eleostearic acid C18:3t,t,t and the catalpic acid C18:3t,t,c. 
Then, its accumulation was stabilized after 8h and 12h. A 
proportion of 46.3% of the α-eleostearic acid C18:3c,t,t was 
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decreased. A rise of 27.1% in β-eleostearic acid C18:3t,t,t and 
6.8% in catalpic acid C18:3t,t,c was achieved. More, 63% of 
the α-eleostearic acid C18:3c,t,t were isomerized to 51.4% of 
the β-eleostearic acid C18:3t,t,t and to 11.6% of the catalpic 
acid C18:3t,t,c. This last conversion was resulted by the 
subjecting crude oil to UV for 12 hours. The catalpic acid 
C18:3t,t,c was remained in a tiny proportion while that of the 
β-eleostearic acid C18:3t,t,t was jumped more strongly. This 
rapid increase was corresponded to the first kinetic process 
that was used very little activation energy. The transformation 
of the β-eleostearic acid C18:3t,t,t was impossible; it would 
lead to a high-energy structure. The C18:3t,t,c catalpic acid 
presence was explained by the probability of the second 
mechanism; the last was resulted to the small energy 

difference between the two transition states of 0.627 kcal/mol. 
The activation energy from the catalpic acid C18:3t,t,c to the 
β-eleostearic acid C18:3t,t,t was much minute compared to 
that of the other two. The transformation of the entire catalpic 
acid C18:3t,t,c was favoured. Nevertheless, the proximity of 
their energy levels was reflected in the low ∆E3 values. The 
lifetime of the C18:3t,t,c catalpic acid was extended; this 
photoisomer was artificially accumulated on an energetically 
disadvantaged reaction pathway. Exposure to UV rays from 
the sun for three to six months resulted in the low proportion 
production of catalpic acid C18:3t,t,c in the almond oil 
extracts of Ricinodendron heudeulotii. The profiles of the 
three fatty acids after the second period are shown in Figure 4. 

 

Figure 4. Ricinodendron Heudelotii Crude Oil Fatty Acid Profiles Modified by Sunlight. 

The results showed that the α-eleostearic acid C18:3c,t,t 
decreases by 51.9%; this decrease in its concentration led to an 
increase of 7.2%, for the catalpic acid C18:3t,t,c and 34.5% 
for the β-eleostearic acid C18:3t,t,t. The exposure of the oil to 
sunlight conducted to the α-eleostearic acid C18:3c,t,t. The 
last photoisomer was converted to the β-eleostearic acid 
C18:3t,t,t and the catalpic acid C18:3t,t,c. This natural process 
of the α-eleostearic acid C18:3c,t,t transformation agrees with 
the theoretical findings. The proportion of the catalpic acid 
C18:3t,t,c was small while that of the β-eleostearic acid 
C18:3t,t,t increases more rapidly. The geometrical parameters 
mark the structural differences between the photoisomers. The 
following section discusses these aspects. 

3.2. Geometrical Parameters of Photoisomers 

The geometrical optimizations provided access to the bond 
lengths and bindings and dihedral angles. The parameters 
calculated at the HF or DFT level of theory are grouped in 
Table 3. 

The absence of experimental data in the literature did not 
allow comparisons with theoretical ones. Nevertheless, Data 
on similar molecular structures was an indication on the 
accuracy of the computational results. The bond lengths of the 
three photoisomers were approximately identical at the HF 
level. The double cross-link of 1,314 Å was different from the 
single ones of 1.51 Å. This result was the same with the other 
three basis sets used in DFT. The diffuse and polarization 
functions did not make significant changes to the bond lengths. 
However, variations in linkage angles were noticeable. Those 
associated with double bindings were oscillated between 125° 
(the α-eleostearic acid C18:3c,t,t) and 128.5° (the catalpic acid 
C18:3t,t,c) for HF. Those of β-eleostearic acid C18:3t,t,t 
remained on average at 125°. At the DFT level, they were 
unmodified while those of the first two acids mentioned 
fluctuated from 124° to 129°. For these, the angles centred on 
the C9, C10 and C11 atoms were high (higher than 127°) 
while those on C12, C13 and C14 were lower (around 124°). 
All others were near 124° for the β-eleostearic acid C18:3t,t,t. 
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The dipole moments were impacted. 
The dipole moments were respectively equalled to 2.22 D, 

1.75 D, and 1.66 D for the α-eleostearic acid C18:3c,t,t, the 
β-eleostearic acid C18:3t,t,t and the catalpic C18:3t,t,c in HF. 
Their variations were not enough to distinguish them by the 

dipolmetry method. The lowest dipole moment was that of the 
β-eleostearic acid C18:3t,t,t according to the DFT findings. 
Different characteristics were revealed by the Infrared 
spectroscopy. 

Table 3. Geometrical Parameters and Dipole Moments of Photoisomers at HF Levels. 

Liaisons 

HF DFT 

6-311G B3LYP/6-311G B3LYP/6-311G(d, p) B3LYP/6-311++G(d, p) 

AEL-CTT AEL-TTT ACA-TTC AEL-CTT AEL-TTT ACA-TTC AEL-CTT AEL-TTT ACA-TTC AEL-CTT AEL-TTT ACA-TTC 

C₈-C₉ 1.505 1.502 1.504 1.506 1.507 1.503 1.502 1.499 1.499 1.502 1.499 1.499 
C₉-C₁₀ 1,332 1,330 1,333 1.349 1.503 1.347 1.345 1.343 1.343 1.346 1.344 1.344 
C₁₀-C₁₁ 1,470 1,459 1,460 1.461 1.450 1.450 1.459 1.447 1.447 1.459 1.448 1.447 
C₁₁-C₁₂ 1,334 1,335 1,336 1.354 1.354 1.355 1.350 1.350 1.351 1.351 1.351 1.351 
C₁₂-C₁₃ 1,461 1,459 1.460 1,452 1,450 1,451 1,449 1,447 1,448 1,449 1,448 1,448 
C₁₃-C₁₄ 1.330 1.330 1,333 1,347 1,347 1,350 1,342 1,343 1,346 1,343 1,344 1,347 
C₁₄-C₁₅ 1,502 1,502 1,504 1,503 1,503 1,505 1,499 1,499 1,501 1,499 1,499 1,501 
µ (D) 2,220 1,747 1,659 2,009 1,442 1,666 1,970 1,362 1,761 2,161 1,497 1,626 

 

3.3. Spectroscopic Parameters 

Each of the photoisomers had three double bonds. The 
frequencies of their elongations are gathered in Table 4. The 
stretching C=C of the HF calculations were very high compared 
to the standard experimental values. This level overestimates 
them. The DFT results had lowered them. The elongations of 
these three double bonds were combined in the pairs by 
symmetric and asymmetric modes. Their mixtures at the DFT 
level by B3LYP/6-311++G(d,p) are summarized in Table 4. 

The vibrational frequencies of these elongations were 
distinct from those of C=O, C-O, C-C and C-H. Those of C=C 
had characterized the cis and trans configurations of the 
hydrogen connected to the ethylenic carbons. They were 
discriminated by three bands between 1635 cm-1 and 1705 
cm-1. They were of very weak intensities; however, the largest 
corresponded to the strongest of the three. Those of 1651 cm-1 
1647 cm-1 and 1637 cm-1 were respectively related to the small 
C=C elongations of α-eleostearic acid C18:3c,t,t; β-eleostearic 
acid C18:3t,t,t and catalpic acid C18:3t,t,c. They described the 
combination of two asymmetric modes and another symmetric 
one as detailed in Table 4. The frequency variation (∆ν) was 
equivalent to the difference between two successive vibrations 

for a given structure. For α-eleostearic acid C18:3c,t,t, those at 
20 cm-1 and 27 cm-1 resulted from the symmetrical attenuation 
modes of the two terminal double bonds. They also came from 
the asymmetric modes located at the centre and end of the 
chains. The same type of change was explained in the 
variation of 27 cm-1. 

For the β-eleostearic acid C18:3t,t,t, the shift of 40 cm-1 was 
derived to three symmetric vibrational pair combinations. The 
first two was of very low intensity. The most significant 
structure was the last one at 1701 cm-1. Its intensity reached 
8,694. It corresponded to an asymmetric stretching between 
the two terminal double bonds. The observation was like the 
catalpic acid C18:3t,t,c; nevertheless, the intensities of the two 
previous differ from zero contrary to the case of the 
β-eleostearic acid C18:3t,t,t. The three isomers of the studied 
acids were discriminated by infrared spectroscopy. 

The asymmetric vibration intensities of the double bonds 
C9=C10 and C13=C14 were detectable although they were 
associated with very close frequencies. These appear 
respectively in 1698 cm-1, 1701 cm-1 and 1695 cm-1 for the 
α-eleostearic acid C18:3c,t,t, the β-eleostearic acid C18:3t,t,t 
and the catalpic acid C18:3t,t,c. This observation is followed 
by the conclusion. 

Table 4. Elongation Frequencies ν((C=C)) of α-eleostearic acid C18:3c,t,t; β-eleostearic acid C18:3t,t,t and catalpic acid C18:3t,t,c. 

Fatty acids Frequencies 
��
��� Intensities 
Variation 

∆
��
��� 
Assignations 

α-eleostearic 
acid C18:3c,t,t 

1651 4.020 - νs�C9=C10, C11=C12�+νas�C11=C12, C13=C14�+νas�C9=C10, C13=C14� 
 1.740 20 νas�C9=C10, C11=C12�+νas�C11=C12, C13=C14�+νs�C9=C10, C13=C14� 
1698 7.870 27 νas�C9=C10, C11=C12�+νs�C11=C12, C13=C14�+νas�C9=C10, C13=C14� 

β-eleostearic 
acid C18:3t,t,t 

1647 0.001 - νas�C9=C10, C11=C12�+νas�C11=C12, C13=C14�+νs�C9=C10, C13=C14� 
1687 0.051 40 νs�C9=C10, C11=C12, C13=C14� 
1701 8,694 14 νas�C9=C10, C13=C14� 

Catalpic acid 
C18:3t, t, c 

1637 3,279 - νas�C9=C10, C11=C12�+νas�C11=C12, C13=C14�+νs�C9=C10, C13=C14� 
1682 1,142 45 νs�C9=C10, C11=C12, C13=C14� 
1695 7,528 13 νas�C9=C10, C13=C14� 

 

4. Conclusion 

Understanding the dynamics between the α-eleostearic acid 

C18:3c,t,t, the β-eleostearic acid C18:3t,t,t and the catalpic 
acid C18:3t,t,c was the focus of this work. This research has 
established that the photochemical activities reported in AKPI 
oil upon exposure to sunlight transform its components. The 
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α-eleostearic acid C18:3c,t,t is represented as the main one. Its 
isomerization into catalpic acid C18:3t,t,c and β-eleostearic 
acid C18:3t,t,t obeys the principles of energetic and kinetic 
stability. The low proportion of the catalpic acid C18:3t,t,c is 
related to the energetic characteristic of the reaction path. The 
reason why this constituent remains very minor in the 
composition of the oil is explained. Its particularity is based on 
the recurrent instability dynamics of α-eleostearic acid 
C18:3c,t,t with respect to β-eleostearic acid C18:3t,t,t. 
Furthermore, the rapid increase in its percentage of 
β-eleostearic acid C18:3t,t,t proceeds from a kinetic process. 
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