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Abstract— Essential oils contain terpenes and volatile 

compounds which are widely used in flavor and fragrance, 

cosmetic, and medicine industries. Fractionation of essential 

oils separate these compounds and modelling, and simulation 

plays a key role in optimizing the fractionation processes. The 

success of modelling and simulation of fractionating the 

essential oils heavily depends on the accurate prediction of 

vapor pressure and enthalpy of vaporization. This study 

examined the applicability and reliability of predictive 

methods for estimating the vapor pressure and enthalpy of 

vaporization of essential oils. Ten compounds were selected as 

case study, based on the export market for essential oils in Sri 

Lanka. Antoine method was found to give accurate and 

reliable data for all the ten compounds. But the use of Antoine 

method is limited due to unavailability of Antoine coefficients 

for most of the essential oil compounds over a wider range of 

temperatures. The selection of the suitable corresponding 

states group contribution method was found to depend on the 

type of compound and the range of operating temperatures. 

Based on the results of this study, the path to select the most 

suitable predictive method for a given essential oil compound 

with the applicable range of temperatures is recommended.  

Keywords—essential oil components, thermodynamic 

properties, group contribution methods 

I. INTRODUCTION 

Essential oils contain hydrocarbon oxygenated 
monoterpenes (OT), monoterpenes (MT), sesquiterpenes 
(ST) as well as aliphatic alcohols, aldehydes and esters [1]. 
Intermediates of essential oils are widely used in food 
industry as preservative, flavor and fragrance, cosmetic and 
medicine industries because of their antioxidant, 
therapeutic and antimicrobial activities [2]. Intermediates 
of essential oils are expensive and processed in small 
volumes. Therefore, batch distillation is the popular 
method for fractionation of essential oils. Its main 
advantages are flexibility to operate with different mixtures 
in the same industrial plant and capability of operating 
small volumes.  

Purity of intermediates is one of the key factors, 
determining the quality of end products in flavor and 
fragrance industry. Optimization of batch fractionation is 
important to achieve the required purity through optimum 
operating conditions. However, identifying the optimum 
operating conditions for fractionation of essential oils 
through experimentation is a difficult task due to the 
varying compositions in raw oil and the dynamic behavior 
of the batch fractionation process. Alternatively, 
mathematical modeling and simulation can be effectively 

used to optimize such processes like batch fractionation of 
essential oils.  

Sri Lanka can be identified as one of the countries 
having highest biodiversity in the world. Currently, Sri 
Lanka exports several major essential oils required for the 
flavor and fragrance industry. Among them, Cinnamon leaf 
oil, Black pepper oil, Nutmeg oil, Citronella oil, Cinnamon 
bark oil, Ginger oil, Cardamom oil and Clove oil have a 
good demand in the export market. According to the 
statistical data of Sri Lanka Export Development Board, 
Fig. 1 indicates the economic potential of essential oils in 
Sri Lanka in the export market for last five years. Almost 
all these essential oils are exported in raw form without 
value addition, resulting in losing the important foreign 
exchange. Producing the intermediates such as separating 
Geraniol from citronella oil, is a promising value addition 
method for essential oil industry. 

The optimization through modelling and simulation of 
fractionation depends on the availability and the accuracy 
of the thermodynamics properties of the major components 
in essential oils. Vapor pressure and enthalpy of 
vaporization can be identified as the key parameters 
required for optimizing the batch distillation of essential 
oils [3]–[5]. Even though experimental thermodynamic 
data of some of the essential oil components commonly 
used in flavor and fragrance industry are found [6]–[12], it 
is not comprehensive enough to model the batch 
fractionation process. This is true for some of the main 
components in Sri Lankan essential oils such as 
experimental vapor pressure of Cinnamyl acetate and 
enthalpy of vaporization of citronellal are not available in 
the literature. Therefore, it is important to predict the 
thermodynamic properties which are difficult to find 
through experimental methods. This justifies the need of 
predictive methods to estimate the thermodynamic 
properties of essential oil components. Many researchers 
have proposed several analytical techniques to predict 
thermodynamic properties [13]–[19]. The objective of this 
work is to suggest a path to determine the vapor pressure 
and enthalpy of vaporization required to model and 
simulate the fractional distillation of essential oils available 
in Sri Lanka.   

II. METHODOLOGY 

A. Major Components of Essential Oils Available in Sri 
Lanka 

The major components of Sri Lankan essential oils are 
selected for the analysis and summarized in Table 1.  
  



 

 
Fig 1: Export quantity of Sri Lankan essential oils in last five years 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Eugenol, Cinnamaldehyde, Citronellal, Citronellol, 
Geraniol and 1.8-Cineole are oxygenated compounds while  
Limonene, α-Pinene, β-Pinene and Camphene are 
monoterpenes. 

B. Prediction of Critical Temperature and Critical 
Pressure 

Critical temperature (Tc) and critical pressure (Pc) of 
most of the essential oil components are difficult to 
determine experimentally due to decomposition of larger 
and strongly associating components before reaching the 
critical points. Therefore, group contribution methods are 
widely used to predict the critical properties of essential oil 
components [13], [20]–[22]. The following group 
contribution methods were examined in this study. 

Joback and Reid [13] presented a method to estimate 
critical temperature and critical pressure given by (1) and 
(2) respectively. In these relations, the units of Tc and Pc are 
given in kelvin (K) and bar respectively. Tb, Natoms and Nk 
are normal boiling point in K, total number of atoms, and 
number of groups/atoms of type k in the molecule 
respectively. The group contribution values are denoted by 
tck, and pck.  
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 Equations (3) & (4) describe Marrero and Pardillo [13] 
method with contributions of tcbk to pcbk to predict Tc and 
Pc, based on pairs of atoms or groups. 
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Constantinou and Gani [13] developed (5) and (6) 
based on the UNIFAC groups contributing the second order 
level also. Nk and Mj are number of first-order groups of 
type k and number of second-order groups of type j in the 
molecule respectively. The values of W are considered as 
zero for first-order calculations and unity for second-order 
calculations. tc1k, tc2j, pc1k and pc2j are respective group 
contribution values determined in the original work. 
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Ma et al. [21] developed (7) and (8) with ∆T and ∆P 

contribution values which are in K and atm for Tc and Pc 
respectively. ni and M are number of groups in ith group and 
total number of different kinds of groups respectively. 
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Critical temperature (Tc) and critical pressure (Pc)  are 
required for predicting vapor pressure (Ps) and enthalpy of 
vaporization (ΔHv) as described below. 

C. Prediction of Vapor Pressure 

Vapor pressure of essential oil components were 
predicted with three methods as given below. 

Once critical properties of components are estimated, 
(9), (10) and (11) in corresponding states method of Riedel 
[13] are applied to predict the vapor pressure. Pr and Tr are 
reduced pressure and reduced temperature respectively. A, 
B, C and D are constants. 
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The CSGC (corresponding states with group 
contribution) method defines several equations to estimate 
various physical properties by combining the theory related 
corresponding states and group contributions. CSGC-PRV 
equation (12) is designed to estimate the vapor pressure [14] 
using assumed-critical temperature Tc* and assumed critical 
pressure Pc* instead of experimental values. Equations (13) 

TABLE 1: SELECTED COMPONENTS OF SRI 
LANKAN ESSENTIAL OILS 

Essential oil components CAS Registry Number 

Eugenol [23]–[25] 97-53-0 
Cinnamaldehyde [23]–[25] 104-55-2 
Citronellal [26] 106-23-0 
Citronellol [26] 106-22-9 
Geraniol [26] 106-24-1 
Limonene [26], [27] 138-86-3 
α-Pinene [27]–[29] 80-56-8 
β-Pinene [27]–[29] 127-91-3 
Camphene [26], [29] 79-92-5 
1.8-Cineole [30] 470-82-6 
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and (14) are defined to determine Tc* and Pc*. ∆Ti and ∆Pi 
are group contribution parameters  estimated for different 
functional groups in the original work, as well as the 
constants AT, BT, CT, DT, AP, BP, CP and DP. Once these 
assumed critical properties are determined, reduced 
pressure and reduced temperature are estimated with the use 
of corresponding states theorem. 
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Antoine developed the Antoine equation (15) with 
three empirical constants, A, B and C [17], [18], [31]. Even 
though it is the most widely used correlation procedure, the 
validity of this equation is confined over small temperature 
ranges.  

log�N �' = C − D�� + E�                                                                               �15� 
where �' is the saturated vapor pressure in kilo Pascal 

(kPa) and T is the temperature in K. 

 

D. Prediction of Enthalpy of Vaporization 

The enthalpy of vaporization for essential oil 
components at normal boiling point ∆Hvb was initially 
estimated and then it was scaled to enthalpy of vaporization 
(∆Hv) for required temperature using Watson relation. 
According to literature, four methods can be found in 
predicting the ∆Hvb [13]. Tbr is the reduced temperature at 
normal boiling point. Tc and Pc were determined using the 
group contribution method that predict the Ps with 
minimum percent error. 
 
Riedel method 

∆OP� = 1.093 Q�3��B ln �3 − 1.0130.93 − ��B                                                          �16� 

 
Chen method 

∆OP� = Q�3��B 3.978 ��B − 3.958 + 1.555 ln �31.07 −  ��B                                   �17� 

 
Veter 1 method  

∆OP� = Q�� �1 − ��B�N.JR� ln �3 − 0.513 + 0.5066 ��3��B�⁄ ��1 − ��B + T�1 − �1 − ��B�N.JR�,- ��B            �18� 

 
The recommended F value is 1.05 for C2 + alcohols 

and 1.0 for all the other compounds.  
 
Veter 2 method  

With the absence of Tc and Pc, constants A, B and C are 
defined for few classes of compounds in the original work. /U is the fictitious molecular weight which is equal to the 
true molecular weight for most of the compounds. 
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Watson relation, (20) is used to scale the enthalpy of 
vaporization for required temperature taking n as 0.375 
[13]. 
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E. Estimation of Percent Error  
 
The accuracy of the above-mentioned prediction 

methods was evaluated in comparison to the reference data 
by considering the minimum percent error given by (21).  

 

Percent error = �abcd��bc ef,gb − Qbhbab-�b ef,gb  Qbhbab-�b ef,gb i100%  �21� 

 
Sample calculation for the estimation of Tc, Pc and Ps 

of Geraniol using Marrero and Pardillo method is given in 
the Appendix section. 

Reference values are obtained from the data available 
in literature. 

 
III. RESULTS AND DISCUSSION 

A. Critical Temperature and Critical Pressure 

Prediction of critical conditions (Tc and Pc) is a 
prerequisite for predicting other thermodynamic properties 
including vapor pressure and enthalpy of vaporization at a 
given temperature and pressure. Table 2 summarizes the 
results of the predicted Tc and Pc of the selected essential 
oil components. The results suggest that the different 
prediction methods must be used in predicting the 
thermodynamic properties of various components 
depending on their physico chemical properties. 

B. Vapor Pressure 
Vapor pressure is required to determine the vapor liquid 

equilibrium in modeling equations for non-ideal mixtures 
through modified Raoult’s law equation. Due to scarcity of 
experimental vapor pressures, prediction models such as 
correlation-type equations and ccorresponding-states 
theorems are commonly applied to estimate vapor pressures. 

The results of the predicted data for Geraniol are 
summarized in Table 3 and the percent error for a range of 
temperatures is shown in Fig. 2. According to Fig. 2, 
Antoine method gives a good accuracy (minimum percent 
error) for predicting the vapor pressures compared to other 
corresponding states group contribution methods. This 
observation is true for all the essential oil components 
examined under this study. However, the reliability of using 
the Antoine method is limited to a narrow range of 
temperatures and to the unavailability of Antoine 
coefficients in the literature for many compounds like 
Cinnamyl acetate. For such situations, corresponding state 
group contribution methods are important to predict vapor 
pressures. Therefore, the path to develop the data base can 
be summarized as: use available experimental data 
wherever possible; use Antoine method considering the 
operating conditions; use corresponding states group 
contribution method as the final option.  

Table 5 depicts that the reliability of the predicted data 
strongly dependent on the range of temperature and for 
Geraniol, 3 different predictive methods are applicable; Ma 
et al. for 342.36 K ≤ T ≤ 397.86 K, Marrero and Pardillo for 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 2: Percent error for different predictive methods used to estimate vapor pressure of Geraniol 
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TABLE 3:   COMPARISON OF PREDICTED Ps AND PERCENT ERROR* OF GERANIOL USING DIFFERENT PREDICTION METHODS 
 

Experimental 

vapor pressure 
PS (Pa) [11] 

Temperature 
(K) 

Riedel PS (Pa) 

Antoine  PS (Pa) Joback and Reid Marrero and 
Pardillo 

Constantinou & 
Gani Ma et al. 

133.3 342.36 78.8 (-40.87) 94.4 (-29.18) 176.7 (32.55) 128.9 (-3.33) 145.3 (8.96) 
666.6 369.96 477.5 (-28.37) 544.5 (-18.32) 863.0 (29.46) 682.0 (2.31) 684.0 (2.61) 

1333.2 383.16 1009.2 (-24.31) 1128.3 (-15.37) 1671.1 (25.34) 1365.3 (2.41) 1320.8 (-0.93) 
2666.4 398.76 2256.3 (-15.38) 2470.7 (-7.34) 3405.2 (27.70) 2883.4 (8.14) 2710.0 (1.63) 
5332.9 414.96 4799.9 (-9.99) 5156.5 (-3.31) 6650.2 (24.70) 5822.9 (9.19) 5383.9 (0.96) 
7999.3 424.66 7282.7 (-8.96) 7743.3 (-3.20) 9631.5 (20.40) 8590.0 (7.38) 7910.6 (-1.11) 

13332.2 438.46 12653.9 (-5.09) 13274.3 (-0.43) 15747.5 (18.12) 14390.9 (7.94) 13263.1 (-0.52) 
26664.5 458.76 26396.6 (-1.00) 27211.9 (2.05) 30346.0 (13.81) 28639.5 (7.41) 26742.6 (0.29) 
53329.0 480.96 53846.2 (0.97) 57437.1 (2.40) 60193.9 (7.70) 55908.4 (4.84) 53658.5 (0.62) 
101325.0 503.16 101325.0 (0.00) 101325.0 (0.00) 101325.0 (0.00) 101325.0 (0.00) 101006.6 (-0.31) 

*Percent errors are given within brackets 

TABLE 2:   PREDICTED Tc AND Pc OF SELECTED COMPONENTS OF ESSENTIAL OILS 
 

Essential oil 
components 

Joback and Reid Marrero and Pardillo Constantinou & Gani Ma et al. 

Tc (K) Pc (kPa) Tc (K) Pc ( kPa ) Tc (K) Pc ( kPa ) Tc (K) Pc (kPa) 

Eugenol 735.23 3509.58 736.16 3184.73 737.84 3273.52 737.84 3270.65 
Cinnamaldehyde 758.26 3786.98 761.47 4036.37 NA NA NA 
Citronellal 662.49 2405.28 674.37 2595.13 663.74 2143.30 663.74 NA 
Citronellol 655.56 2448.31 660.10 2436.24 674.82 2114.85 674.82 2643.28 
Geraniol 671.68 2571.50 675.19 2520.12 686.32 2042.36 686.32 2584.50 
Limonene 633.10 2555.92 637.64 2117.78 629.56 2256.14 629.56 2510.88 
α-Pinene 611.23 2741.15 626.71 2163.33 612.03 2923.00 612.03 2560.01 
β-Pinene 623.41 2712.67 640.60 2110.00 627.21 2911.28 627.21 2535.16 
Camphene 615.54 2712.67 632.51 2110.00 619.30 2696.33 619.30 2529.87 
1.8-Cineole 631.60 2568.90 635.76 2204.15 634.77 635.76 2474.06 

NA-  Not applicable/available 

TABLE 4: COMPARISON OF PREDICTED ENTHALPY OF VAPORIZATIONS (∆Hv) & PERCENT ERROR* OF GERANIOL USING 
DIFFERENT PREDICTION METHODS 

 

Temperature (K) 
Literature value 
∆Hv (kJ/mol) [7] 

Predicted ∆Hv
a (kJ/mol) 

Reidel Chen Veter 1 Veter 2  

303 62.9 68.9 (9.46) 66.0 (4.96) 67.3 (7.03) 79.6 (26.60) 
357 59.1 65.0 (9.97) 62.3 (4.96) 63.5 (7.03) 75.2 (27.19) 

a. Values were predicted using Tc & Pc of Ma et al. method 
*Percent errors are given within brackets 



 

397.86 ≤ T ≤ 455.46 and Joback and Reid for 455.46 < T ≤ 
503.16. The result of the analysis done for all the selected 
essential components in this study are summarized in Table 
5. 

 
C. Enthalpy of Vaporization 

The enthalpy of vaporization values of the main 
components in essential oils over a range of temperatures 
are needed to develop energy balance equations for 
optimizing the batch fractionation process. The operating 
temperature varies along the column as well as over the 
time of operation. The predicted ∆Hv values and the percent 
errors of Geraniol are given in Table 4. Based on the 
minimum percent error, Chen method was selected as the 
best method applicable for Geraniol. Similar analysis was 
done for the other essential oil components and the best 
method was selected for a given temperature range. The 
results summarized in Table 5 depicts that the reliability of 
the predictive methods strongly dependent on the type of 
the essential oil component and the operating temperature.  

 

 

IV. CONCLUSION 

Thermodynamic property of a mixer of organic 
compounds is a combination of the particular property of 
individual components. Essential oils are a mixer of several 
compounds consisting of major components, minor 
components and components having tracer amounts. This 
study suggested a path to determine the vapor pressure and 
enthalpy of vaporization, selecting ten components in 
essential oils as case studies. Accurate prediction of these 

two properties over a range of temperatures is important for 
optimizing the fractionation of essential oils through 
modelling and simulation. Antoine method found to give 
better predictions than the corresponding states group 
contribution methods for all the ten selected components. 
However, it has its own limitation of unavailability of 
experimentally verified Antoine coefficients for wider 
range of essential oil components over a wider range of 
temperatures. Corresponding state group contribution 
methods found to give good accuracy in a narrow 
temperature range and combination of 2 or 3 methods were 
required to cover the entire range of temperatures even for 
a single component. Based on the results of this study, the 
most suitable method with the applicable range of 
temperatures for the ten selected components were 
recommended. 

  APPENDIX 

 
The structural formula for Geraniol (2,6-Octadien-1-ol, 
3,7-dimethyl-) is: 

 
 
Group additive distribution for Marrero and Pardillo 
method: [3x CH3– & =C<] + [2 x –CH[=] & >C[=]] + [2 x 
–CH2– & =CH–] + [1 x –CH2– & –CH2–] + [1 x –CH2– 
& =C<] + [1 x –CH2– & –OH] 
Equation 3 and 4 were used to estimate Tc = 675.19 K and 
Pc = 2520.12 Pa. Predicted vapor pressure is 7743.3 Pa at 
424.66 K using (9) and experimental vapor pressure is 
7999.3 Pa, Percent error = -3.20%. 
 

REFERENCES 
[1] F. Bakkali, S. Averbeck, D. Averbeck, and M. Idaomar, “Biological 

effects of essential oils–a review,” Food Chem. Toxicol., vol. 46, no. 
2, pp. 446–475, 2008. 

[2] I. Bonaccorsi, P. Dugo, A. Trozzi, A. Cotroneo, and G. Dugo, 
“Characterization of mandarin (Citrus deliciosa Ten.) essential oil. 
Determination of volatiles, non-volatiles, physico-chemical indices 
and enantiomeric ratios,” Nat. Prod. Commun., vol. 4, no. 11, p. 
1934578X0900401128, 2009. 

[3] U. Diwekar, Batch distillation: simulation, optimal design, and 

control. CRC press, 2011. 
[4] I. M. Mujtaba, Batch distillation: Design and operation, vol. 3. 

World Scientific Publishing Company, 2004. 
[5] J. Arias, D. Casas-Orozco, A. Cáceres-León, J. Martínez, E. 

Stashenko, and A.-L. Villa, “Dynamic modeling and experimental 
validation of essential oils fractionation: Application for the 
production of phenylpropanoids,” Comput. Chem. Eng., vol. 135, p. 
106738, 2020. 

[6] E. Pahima, S. Hoz, M. Ben-Tzion, and D. T. Major, “Supporting 
Information for Computational Design of Biofuels from Terpenes 
and Terpenoids,” Sustainable Energy & Fuels, vol 3, no. 2, pp.457-
466, 2019. 

[7] J. S. Chickos and W. E. Acree Jr, “Enthalpies of vaporization of 
organic and organometallic compounds, 1880–2002,” J. Phys. 
Chem. Ref. Data, vol. 32, no. 2, pp. 519–878, 2003. 

[8] S. M. Vilas-Boas et al., “Vapor pressure and thermophysical 
properties of eugenol and (+)-carvone,” Fluid Phase Equilibria, vol. 
499, p. 112248, 2019. 

[9] V. Štejfa, M. Fulem, K. R\uužička, and C. Červinka, 
“Thermodynamic study of selected monoterpenes III,” J. Chem. 

Thermodyn., vol. 79, pp. 280–289, 2014. 

TABLE 5: SELECTION OF BEST METHODS FOR Ps AND ∆Hv 

Essential oil 
components 

Temperature range 
(K) 

Best group 
contribution 
method for 

Ps 

Best 
method 
for ∆Hv 

Eugenol 351.56 ≤ T ≤ 526.66 
Marrero and 

Pardillo 
Chen 

Cinnamaldehyde 349.26 ≤ T ≤ 519.16 
Marrero and 

Pardillo 
Veter 2 

Citronellal 

317.16 ≤ T ≤ 318.76 
Constantinou 

& Gani 

NA 318.76 < T ≤ 363.46 
Marrero and 

Pardillo 

363.46 < T ≤ 479.66 
Joback and 

Reid 

Citronellol 

339.56 ≤ T ≤ 347.16 Ma et al. Veter 2 

347.16 < T ≤ 400.76 
Marrero and 

Pardillo 
Reidel 

400.76 < T ≤ 494.66 
Joback and 

Reid 
Veter 1 

Geraniol 

342.36 ≤ T ≤ 397.86 Ma et al. 

Chen 397.86 ≤ T ≤ 455.46 
Marrero and 

Pardillo 

455.46 < T ≤ 503.16 
Joback and 

Reid 

Limonene 351.66 ≤ T ≤ 446.67 
Joback and 

Reid 
Veter 2 

α-Pinene 292.60 ≤ T ≤ 429.30 
Constantinou 

& Gani 
Veter 2 

β-Pinene 291.87 ≤ T ≤ 439.20 Ma et al. Veter 2 

Camphene 320.36 ≤ T ≤ 433.66 
Joback and 

Reid Veter 2 

1.8-Cineole 288.16 ≤ T ≤ 449.16 
Marrero and 

Pardillo 
Chen 

NA- Not applicable/available 



 

[10] V. Štejfa, F. Dergal, I. Mokbel, M. Fulem, J. Jose, and K. R\uužička, 
“Vapor pressures and thermophysical properties of selected 
monoterpenoids,” Fluid Phase Equilibria, vol. 406, pp. 124–133, 
2015. 

[11] D. R. Stull, “Vapor pressure of pure substances. Organic and 
inorganic compounds,” Ind. Eng. Chem., vol. 39, no. 4, pp. 517–540, 
1947. 

[12] T. Boublík, V. Fried, and E. Hála, “The vapour pressures of pure 
substances,” 1984. 

[13] B. E. Poling, J. M. Prausnitz, and J. P. O’connell, Properties of gases 

and liquids. McGraw-Hill Education, 2001. 
[14] P. Li, P.-S. Ma, S.-Z. Yi, Z.-G. Zhao, and L.-Z. Cong, “A new 

Corresponding-States Group-Contribution method (CSGC) for 
estimating vapor pressures of pure compounds,” Fluid Phase 
Equilibria, vol. 101, pp. 101–119, 1994. 

[15] M. Zábranskỳ and V. R\uužička Jr, “Estimation of the heat capacities 
of organic liquids as a function of temperature using group 
additivity: an amendment,” J. Phys. Chem. Ref. Data, vol. 33, no. 4, 
pp. 1071–1081, 2004. 

[16] I. Fonts et al., “Thermodynamic and Physical Property Estimation 
of Compounds Derived from the Fast Pyrolysis of Lignocellulosic 
Materials,” Energy Fuels, vol. 35, no. 21, pp. 17114–17137, 2021. 

[17] R. M. Stephenson, Handbook of the thermodynamics of organic 
compounds. Springer Science & Business Media, 2012. 

[18] C. L. Yaws, The Yaws handbook of vapor pressure: Antoine 

coefficients. Gulf Professional Publishing, 2015. 
[19] S. Ohe, “A Prediction Method of Vapor Pressures by using boiling 

point data,” Fluid Phase Equilibria, vol. 501, p. 112078, 2019. 
[20] K. G. Joback and R. C. Reid, “Estimation of pure-component 

properties from group-contributions,” Chem. Eng. Commun., vol. 
57, no. 1–6, pp. 233–243, 1987. 

[21] Ma Peisheng, Xu Ming, Xu wen, and Zhang Jianhou, “New Group-
Contribution correlations for estimation of critical properties,” J. 

Chem. Ind. Eng., vol. 5, no. 2, pp. 235–241, 1990. 
[22] J. Marrero-Morejón and E. Pardillo-Fontdevila, “Estimation of pure 

compound properties using group-interaction contributions,” AIChE 

J., vol. 45, no. 3, pp. 615–621, 1999. 
[23] P. A. Paranagama, S. Wimalasena, G. S. Jayatilake, A. L. 

Jayawardena, U. M. Senanayake, and A. M. Mubarak, “A 
comparison of essential oil constituents of bark, leaf, root and fruit 
of cinnamon (Cinnamomum zeylanicum Blum) grown in Sri 
Lanka,” J. Natl. Sci. Found. Sri Lanka, vol. 29, no. 3–4, 2001. 

[24] E. Schmidt et al., “Composition and antioxidant activities of the 
essential oil of cinnamon (Cinnamomum zeylanicum Blume) leaves 
from Sri Lanka,” J. Essent. Oil Bear. Plants, vol. 9, no. 2, pp. 170–
182, 2006. 

[25] M. Manathunga, T. Liyanage, and S. B. Navaratne, “Determination 
of content and chemical composition in Sri Lankan and Seychelles 
cinnamon volatile oil,” J. Pharmacogn. Phytochem., vol. 10, no. 4, 
pp. 377–380, 2021. 

[26] R. O. B. Wijesekera, “The chemical composition and analysis of 
citronella oil,” 1973. 

[27] E. R. Jansz, S. Balachandran, E. V. Packiyasothy, and S. Ratnayake, 
“Effect of maturity on some chemical constituents of Sri Lankan 
pepper (Piper nigrum L.),” J. Sci. Food Agric., vol. 35, no. 1, pp. 41–
46, 1984. 

[28] S. J. Sarath-Kumara, E. R. Jansz, and H. M. Dharmadasa, “Some 
physical and chemical characteristics of Sri Lankan nutmeg oil,” J. 
Sci. Food Agric., vol. 36, no. 2, pp. 93–100, 1985. 

[29] N. D. B. Jayasundara and P. Arampath, “Effect of variety, location 
& maturity stage at harvesting, on essential oil chemical 
composition, and weight yield of Zingiber officinale roscoe grown 
in Sri Lanka,” Heliyon, vol. 7, no. 3, p. e06560, 2021. 

[30] L. S. Rajapakse-Arambewela and R. O. Wijesekera, “GLC study of 
the essential oil of wild cardamom oil of Sri Lanka,” J. Sci. Food 

Agric., vol. 30, no. 5, pp. 521–527, 1979. 
[31] “National Institute of Standards and Technology,” NIST. 

https://www.nist.gov/ (accessed Mar. 12, 2022). 
 


