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Due to increasing rates of depression in recent years, the use of the drug-plants is significantly important. In this work, we have 

optimized and discussed about several active compounds which are extracted from famous plants such as formononetin (a 

constituent of Cimicifuga racemosa), Luteolin (fromPerilla frutescens), Myriceti (Clitoria ternatea) and Piper methysticum as 

antidepressant and antihistamine through NMR study.There are no works in theoretical of a statistical approach in NMR 

shielding and nucleus independent chemical shifts for study of antidepressant and antihistamine drugs, while the asymmetry(η) 

and skew(κ) parameters are fluctuated in small distances and are alternative in large distances in the center of heterocyclic 

rings for Luteolin, Buclizine, Myriceti, formononetin and  Cetirizine. By changing asymmetry between 0 ≤η≤+1 skew will be 

changed between -1 ≤κ ≤+1 , meanwhile the parameter κ is zero when σ22 = σiso
15.In the case of axially-symmetric tensor, σ22 

equals either σ11 or σ33, skew is κ=±1. In this work, we have investigated the statistical methods by computing of nucleus-

independent chemical shifts-SNICS in point of Bq motions in the center of sphere in shielding and de-shielding spaces of 

antidepressant and antihistamine drugs.  
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Introduction 
 

The plant-based remedy has been used by indigenous cultures for thousands of years. Due to increasing rates of depression  in 

recent years, using the drug-plants such as Curcuma longa (RHIZOMA, 2009), Clitoria ternatea (Lijon 2017 ), Cimicifug racemosa 

(Thomsen, 2004). Piper methysticum or Kava Kava (LEBO 1991), Morinda officinalis(Dao 2004) and perilla frutescens 

(Bachheti,2010) are significantly important. Curcuma longa is a rhizomatous herbaceous perennial plant of the ginger families. 

It is native to the   Southeast Asia and Indian subcontinent. Curcuma longa powder has a bitter, warm, pepper-like flavor 

and mustard-like aroma. Although long used in Ayurvedic medicine, there is some (not more) clinical evidence for use of 

turmeric or its main constituent, curcumin, as a therapy (Nelson, 2017).  

Clitoria ternatea, which is known as a Asian pigeonwings,  is a plant species belonging to the Fabaceae families. This plant is 

native to tropical equatorial Asia countries such as Malaysia, Indonesia and Thailand, but has been introduced to Australia, 

America and Africa. It is grown as an ornamental plant and as a revegetation species, requiring little care when cultivated. In 

traditional Ayurvedic medicine, it is ascribed important and various qualities including antistress, memory enhancing, 

anticonvulsant, anxiolytic, nootropic, antidepressant, tranquilizing, and sedative properties (Mukherjee, 2008). In traditional 

Chinese medicine, and consistent with the Western concept of the doctrine of signatures, this plant has been ascribed 

properties affecting female libido due to its similar appearance to the female reproductive organ (Fantz, 1991).  

Cimicifuga racemosa is a species of flowering plant of the family Ranunculaceae. It is native to eastern North America from the 

extreme south of Ontario to central Georgia, and west to Missouri and Arkansas. It grows in a variety of woodland habitats, and 

is often found in small woodland openings. The roots and rhizomes have long been used medicinally by Native Americans. It 

contains many organic molecules with biological activities (Nuntanakorn, 2007). 

Piper methysticum or Kava-Kava is a crop of the western Pacific. The name  is include awa (Hawai), sakau (Balick, 2002). Kava is 

used in Oceania to make a psychoactive drink that is prepared by grinding the roots of the perennial shrub. Recent work (Lebot 

and Levesque, 1989) Morinda officinalis is used in traditional Chinese medicine which enhances exercise endurance and 

possesses protective effects against oxidative or enhance the immune system function (Dao-rong, 2004). Perilla frutescens, is 

a species of Perilla in the range family of Lamiaceae. It is an annual plant native to Asia and Indian highlands, and grown in 
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the ,  India and China (Seo, 2009). This plant was the main parts of folk medicine practiced by the ancient peoples in many parts 

of the world. Perilla frutescens hasbeen used as an popular traditional herbal medicine to treat several disease including tumor, 

depression, anxiety, antioxidant, and intoxication. Leaves of the plants are used in traditional Japanese herbal medicine. Perilla 

is used as one commercial product in other countries like India, Japan, Korea and now, it has also been exported to Europe 

countries, USA and also Russia as an important seed oil. Antihistamines are drugs which treat allergic rhinitis and 

other allergies. Anti-histamines can give relief when a person has nasal congestion, sneezing, or hives because of pollen, dust 

mites, or animal allergy. Typically people take antihistamines as an inexpensive, generic, over-the-counter drug with few side 

effects. As an alternative to taking an antihistamine, people who suffer from allergies can instead avoid the substance which 

irritates them (Panula, 2015).Antihistamines are usually for short-term treatment  Chronic allergies increase the risk of health 

problems which antihistamines might not treat including asthma, sinusitis, and lower respiratory tract infection. 

Buclizine is an antihistamine and anticholinergic of the diphenyl-methyl-piperazine group. It is considered to be an antiemetic, 

similar to meclizine (Mostafa, 2011). 

Active Components  

Perilla seed extract is rich in polyphenols such as luteolin, chrysoeriol and apigenin as aglycons. Luteolin and so on are main 

polyphenols and main active ingredients (Figs 1, 2).  

Curcumin which are two form of  keto and enol is extracted of Curcuma longa which occur from numerous curcuminoids, such 

as curcumin, demethoxycurcumin, and bisdemethoxycurcumin (Nelson 2017) - see Figs 1-3.  

Gu, 2009 have  extracted  four antioxidant compounds from fruit of Perilla frutescens were isolated. These compounds were 

identified as rosmarinic acid, luteolin, apigenin, and chrysoeriol through, NMR, and ESI MS. Lee et al(Lee 2013) investigate 

phenolic compound in the seeds of various perilla cultivars. Phenolic compounds were characterized by nuclear magnetic 

resonance (NMR) spectroscopy, and ultra-performance liquid chromatography with photodiode array detector and electrospray 

ionisation/mass (UPLCPDA-ESI/MS) analysis. Nine compounds were elucidated as caffeic acid-3-O-glucoside including, caffeic 

acid, luteolin-7-O-glucoside, apigenin- 7-O-glucoside, rosmarinic acid-3-O-glucoside, rosmarinic acid, luteolin, apigenin, and 

chrysoeriol.   Indisputably, depression and other common mental disorders are already, and will probably become increasingly, 

part of an epidemic of comorbidity between physical and mental illhealth, with diet being a crucial common determinant. 

Loratadine was discovered in 1981 and came to market in 1993. It is on the World Health Organization's List of Essential 

Medicines, the most effective and safe medicines needed in a health system (Chollet 1993).  

 

 

 
 

Fig. 1. Buclizine and Cetirizine Optimized through DFT Calculation as effective molecule for Anti-depressant and antihistamine 

drugs 
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Fig. 2. The optimized of formononetin a constituent of Cimicifuga racemosa, Luteolin from Perilla frutescens and Myriceti 

(Clitoria ternatea). 

 

Theoretical background: 

Aaromaticity in terms of nucleus-independent chemical shifts in long distances of NICS, around the ring center, NICS (0), at the 

center of ring plane and aromatic ring current shielding (ARCS) were compared in several studies. In short range of distances a 

few works have been done in theoretical and reports the  statistical approach in our works (Monajjemi 2010, 2015) 

For further discussion of statistical approach in nucleus independent chemical shift calculations, especially in short range of 

distances, It has been focused in relaxations of CAS, dipole-dipole and contribution . We have shown that the asymmetry(η) and 

skew(κ) parameters fluctuate in behavior around the center of rings due to minimum isotropy in the center. The most 

fluctuations are appearing around the minimum or maximum functions mathematically (Monajjemi, 2015). Nuclear spin 

relaxation studies in the gas phase had started in 1987. Spin-relaxation data in the gas phase provide a stringent test of the 

anisotropy of an existing intermolecular potential. The basis of this work is on random motions of dummy atom in the shielding 

and de-shielding spaces of heterocyclic rings for considering maximum abundant of points in due to dipole–dipole, CSA and 

contribution relaxations . The main purpose of random displacement of various probes inside of shielding and de-shielding 

spaces are for understanding of mechanism and consequences of anisotropic spin–spin interactions in short ranges . 

In this study, the major components Of Herzfeld (Herzfeld, 1980) and Haeberlen (1976) parameters erocyclic rings. The 

numerous random points around the center of those molecules have been produced by generation of pseudo-random 

numbers, which are distributed in a Gaussian function in the interval [0, 1). Our result has been compared by the energy 

decomposition analysis (EDA) method. The total 𝜋 bonding energy and the "𝜋" conjugation between heteroatoms "𝜋" bonds in 

heterocyclic rings are significantly accurate. We have optimized the geometries and calculated the carbon NMR for Buclizine, 

Cetirizine, loratacline, Promethazine  molecules for understanding  which members of rings  are more stable our methods and 

physical chemistry approach have been done based on our previous works (Monajjemi 2010-2015).  

 

 
Fig. 3. NMR data of Buclizine. 
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Computational details 

 

By this work we have optimized the effective molecules of some important natural products through QM/MM calculation using 

DFT methods. We have investigated density functional theory the exchange-correlation of all molecules. Tight & post-HF ab-

initio calculation has applied to model the exchange-correlation energies of the hetero rings of the antidepressant and 

antihistamine structures. The double ζ-basis set with polarization orbitals (DZP) were used for the aromatic rings.  

The charges and electrostatic potential-derived charges of the halogens were also estimated using Merz-Kollman-Singh, chelp, 

or chelpG. Calculations were performed using packages of Gaussian 09 and GAMESS. In the calculations, we also have mainly 

focused on getting the optimized results for each item from “advanced DFT” methods including the “m06-L”, “m062x”, “m06-L”, 

and “m06-HF” which are novel Meta hybrid DFTB. SPSS “Statistical Package” has applied for editing and analyzing all sorts of our 

S-NICS data of the heterocyclic antibiotics in this work.  

 

Results and discussion 
 

The results have been listed in three tables and figured in five curves. The isotropy in all NMR calculations are positive which 

indicates negative values for aromaticity, but the slopes are decreased from the replacing from 0.1 to center .  It is obvious that 

the difference between isotropies for NICS data can explain the quality of the aromaticity for a natural product molecules. In 

the S-NICS method through the statistical calculations, the best point of the shielding space around the center of symmetric or 

non-symmetric the aromatic molecules in our can evaluated as an aromaticity criterion and in this method the expectation of 

the (η*)and (κ*) (monajjemi 2010-2015) have been estimated as the Gaussian curve functions versus one , two  or three 

dimensional distances around the center of the aromatic rings. The isotropy (σiso
*) which is related to all of (η*),(κ *),(Ω*) and 

(𝜁*) is the best criterion for various aromatic molecules by the S-NICS method, which can express both qualitative and 

quantitative magnitudes for symmetric or non-symmetric aromatic molecules . 

 

Table 1. S-Nics Value for some atoms of Buclizine and Cetirizine  

 

Cetirizine  Myriceti 

Ω δ∆  η S-NICS σiso charge atom Ω δ∆  η S-NICS σiso charge atom 

10.1699 -10.89 0.42814 158.25 159.279 -0.355 8 O -76.41 114.6 0.9667 62.73 60.136 -0.144 1 C 

9.1619 -11.39 0.65815 30.74 29.0585 0.177 9 N -93.91 140.8 0.8814 46.57 47.631 0.193 2 C 

-17.43 -26.14 0.3712 149.3 149.74 -0.0825 3 C 10.112 -12.1 0.601 158.18 159.2 -0.351 3 C 

15.809 -23.71 0.2412 146.5 148.93 -0.2144 4 C 8.1202 9.998 0.641 149.16 158.67 -0.357 4 O 

109.82 -142.0 0.7240 47.5 46.89 0.1569 5 C 20.623 21.01 0.358 60.94 63.73 -0.135 10 O 

-16.4 -24.64 0.265 145.59 148.70 -0.2185 10 O 16.47 -18.1 0.4661 124.79 127.67 -0.102 6 N 

-6.2952 -9.442 0.7976 28.487 29.3883 0.1750 11 N 6.5076 -6.32 0.295 51.76 50.54 -0.055 7 C 

 

 

Optimization and NMR shielding constants including orientations of the principal data such as standard components, 

Haeberlen-Mehring (Mehring 1978) and Herzfeld-Berger(Herzfeld 1980 parameters for Buclizine, Cetirizine, loratacline, 

Promethazine compounds in various statistical situations have been  calculated through DFT methods and the data are listed 

in tables1,2.  

Similar to the NICS method, in S-NICS, negative nucleus-independent-chemical-shifts denote aromaticity. Therefor positive 

values denote anti-aromaticity. In S-NICS methods, the shielding and de-shielding spaces are significant to discuss the 

mechanism of the aromatic molecules in point of ring currents, which are the circulating π electrons in an aromatic molecule 

produce opposite to the applied magnetic field. 

The stability of the isotropy criterion is highly affected on the best places in the shielding area spaces and it is dependent on 

the structures of the aromatic rings. So by using this method, a suitable and stable magnitude of isotropy can calculated as an 

aromaticity criterion.  

It is obvious that structural factors cause changes in the magnetic field experienced by the nuclei and change the resonant 

frequency. Therefore the chemical shielding and many other factors such as electronegativity, hydrogen bonding, and magnetic 

anisotropy of π-systems will be changed because of the electrons around the proton which produce a magnetic field, countering 

the applied field. This reduces the field experienced at the nucleus. The electrons are said to shield the proton, an effect that is 

exactly dependent on the distance of the center.  

In addition, S-NICS can find the most accurate places for effective points for calculation of isotropy as an aromaticity criterion.  

The chemical shielding is a vector orientation function for all of the shielding parameters that can change in various places 

inside the shielding area of the rings for aromatic compounds.  
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Fig. 4. Carbon NMR of cetirizine 

 

 

 

 

Table 2. S-NICS Value for some atoms of loratacline, Promethazine 

 
Formononetin Luteolin  

Ω δ∆  η S-NICS σiso charge atom Ω δ∆  η S-NICS σiso charge atom 

9.4806 -11.2 0.5809 14.22 160.85 -0.3306 3 C 12.67 -18.16 0.91141 19.011 160.293 -0.3399 4 C 

-11.83 -17.75 0.607 14.266 157.821 -0.2954 7 C -25.11 37.670 0.40322 26.4304 155.86 -0.2909 6 C 

17.16 -22.37 0.7379 25.751 142.53 -0.1374 6 C -17.87 26.819 0.97410 26.4726 145.36 -0.1059 4 O 

-8.158 -12.23 0.8986 11.618 149.09 -0.200 10 C -15.52 23.291 0.09509 12.7529 148.53 -0.2084 8 O 

104.6 -135.9 0.7332 156.92 47.019 0.1706 3 N 110.86 141.39 0.70001 166.345 46.580 0.1545 6 N 

-77.12 -115.6 0.9435 112.4 56.977 0.1171 4 O -83.30 -124.9 0.80410 112.723 51.883 0.1119 7 C 
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Fig.  5. Carbon NMR of Luteolin 

 

 

 

 

 
 

 

Fig. 6. Carbon NMR of “ Formononetin ” a constituent of Cimicifuga racemosa 
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Fig. 7. Carbon NMR of Myriceti from Clitoria ternatea 

 

 

 

References 
  

Bachheti, R.K., Joshi, A., Ahmed, T. (2014). A Phytopharmacological Overview on Perilla frutescens. Int. J. Pharm. Sci. Rev. Res., 

26(2), 55-61. 

Balick, M.J., Leem, R. (2002). Traditional use of sakau (kava) in Pohnpei: lessons for integrative medicine Alternative Therapies, 

8(4), 96. 

Chollet-Martin, S., Montravers, P., Gibert, C., Elbim, C., Desmonts, J.M., Fagon, J.Y., Gougerot-Pocidalo, M.A. (1993). High levels of 

interleukin-8 in the blood and alveolar spaces of patients with pneumonia and adult respiratory distress syndrome, Infection 

and Immunity, 61(11), 4553–4559. 

Dao-rong, Z., Yu, W., Jing, Z., Jian-guo, Z., Lei, L., Jian-qing, B. (2010). Morinda officinalis How enhances exercise endurance and 

possesses protective effects against oxidative stress of the rats after exercise., African Journal of Microbiology Research, 4(15), 

1609-1615.  

Fantz, P.R. (1991). Ethnobotany of Clitoria (Leguminosae). Economic Botany. New York Botanical Garden Press, 45(4), 511–

20. doi:10.1007/BF02930715.  

Gu, L, Wua, T, Wang, Z. TLC (2009). bioautography-guided isolation of antioxidants from fruit of Perilla frutescens var. acuta. 

Food Science and Technology, 42, 131–136. 

Haeberlen, U. (1976). Advances in Magnetic Resonance. Suppl. 1. Academic Press, New York.  

Herzfeld, J., Berger,A.E. (1980).  Sideband intensities in NMR spectra of samples spinning at the magic angleJ. Chem. Phys., 73, 

6021. doi: 10.1063/1.440136 

Lebot, V., Aradhya, K.M., Manshardt, R.M. (1991). Geographic survey of genetic variation in Kava (Piper methysticum Forst. f. 

and wichmannii C. DC.), Pacific Science, 45(2),169-185. 

Lebot, V., Levesque, J. (1989). The origin and distribution of kava (Piper methysticum Forst. f., Piperaceae): A phytochemical 

approach. Allertonia, 5(2), 223-280. 

Lee, J.H., Park, K.H., Lee, M.H.,Kim, H.T., Seo, W.D., Kim, J.Y., Baek, I., Jang, D.S., Ha, T.J. (2013). Identification, characterisation, 

and quantification of phenolic compounds in the antioxidant activity-containing fraction from the seeds of Korean perilla (Perilla 

frutescens) cultivars. Food Chemistry, 136, 843–852. 

Lijon, M.B., Meghla, N.S., Jahedi, E., Abdur Rahman, Md., Hossain, I. (2017). Phytochemistry and pharmacological activities of 

Clitoria ternatea, International Journal of Natural and Social Sciences, 4(1), 1-10. 

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007%2FBF02930715


Ukrainian Journal of Ecology, 8(2), 2018 

Ukrainian Journal of Ecology                   262 

  

  

 

Mehring, M. (1978). Principles of High Resolution NMR in Solids, 2nd.ed, Springer Verlag, Berlin, H. W. Spiess, In NMR Basic 

Principles and Progress. P. Diehl, E. Fluck, R. Kosfeld (Eds.). Springer Verlag, Berlin, 15. 

Monajjemi, M. (2012). Quantum investigation of non-bonded interaction between the B15N15 ring and BH2NBH2 (radical, 

cation, anion) systems: a nano molecular motor. Struct Chem, 23, 551–580. doi: 10.1007/s11224-011 -9895-8 

Monajjemi, M. (2013). Non bonded interaction between BnNn (stator) and BN B(rotor) systems: A quantum rotation in IR region. 

Chemical Physics, 425, 29-45. doi: 10.1016 /j.chemphys. 2013.07.014 

Monajjemi, M. (2014). Metal-doped graphene layers composed with boron nitride–graphene as an insulator: a nano-capacitor, 

Journal of Molecular Modeling, 20, 2507. doi: 10.1007/s00894-014-2507-y 

Monajjemi, M. (2015). Cell membrane causes the lipid bilayers to behave as variable capacitors: A resonance with selfinduction 

of helical proteins. Biophysical Chemistry, 207, 114–127. doi: 10.1016/j.bpc.2015.10.003 

Monajjemi, M. (2015). Non-covalent attraction of B2N(-,0) and repulsion of B2N(+) in the BnNn ring: a quantum rotatory due to 

an external field. Theor. Chem. Ass, 134, 77. doi: 10.1007/s00214-015-1668-9. 

Monajjemi, M., Boggs, J.E. (2013). A New Generation of BnNn Rings as a Supplement to Boron Nitride Tubes and Cages. J. 

Phys.Chem. A, 1 17, 1670−1684. doi: 10.1021/jp312073q 

Monajjemi, M., Lee, V.S., Khaleghian, M., Honarparvar, B., Mollaamin, F. (2010). Theoretical Description of Electromagnetic 

Nonbonded Interactions of Radical, Cationic, and Anionic NH2BHNBHNH2 Inside of the B18N18 Nanoring. J. Phys. Chem C, 114, 

15315. doi: 10.1021/jp104274z 

Monajjemi, M., Robert Wayne, Jr., Boggs, J.E. (2014). NMR contour maps as a new parameter of carboxyl's OH groups in amino 

acids recognition: A reason of tRNA–amino acid conjugation. Chemical Physics, 433(3), 1 -11. doi: 

10.1016/j.chemphys.2014.01.017 

Monajjemi,M., Mohammadian, N.T. (2015). S-NICS: An Aromaticity Criterion for Nano Molecules. J. Comput. Theor. Nanosci, 

12(11), 4895-4914. doi: 10.1166/jctn.2015.4458  

Mostafa, G.A., Al-Badr, A.A. (2011). Buclizine. Profiles Drug Subst Excip Relat Methodol. Profiles of Drug Substances, Excipients 

and Related Methodology, 36, 1–33. doi:10.1016/B978-0-12-387667-6.00001-4. 

Mukherjee, PK., Kumar, V., Kumar, NS., Heinrich, M., (2008). The Ayurvedic medicine Clitoria ternatea-From traditional use to 

scientific assessment. J Ethnopharmacol, 120(3), 291–301. doi:10.1016/j.jep.2008.09.009 

Nelson, K.M., Dahlin, J.L., Bisson, J. et al. (2017). The Essential Medicinal Chemistry of Curcumin: Miniperspective. Journal of 

Medicinal Chemistry, 60(5), 1620–1637. doi:10.1021/acs. jmedchem.6b00975 

Nuntanakorn, P., Jiang, B., Yang, H., Kronenberg, F., Kennelly, EJ., (2007). Analysis of polyphenolic compounds and radical 

scavenging activity of four American Actaea species. Phytochem Anal, 18(3), 219–228. doi:10.1002/pca.975.   

Panula, P., Chazot, P.L., Cowart, M. et al. (2015).  International Union of Basic and Clinical Pharmacology. XCVIII. Histamine 

Receptors. Pharmacol. Rev, 67(3), 601–655. doi:10.1124/pr.114.010249. 

Rhizoma, L. (2009). Committee on herbal medicinal products, London, 12 November Doc. Ref. EMEA/HMPC/456848/2008 

Seo, W.H., Baek, H.H. (2009). Characteristic Aroma-Active Compounds of Korean Perilla (Perilla frutescens Britton) Leaf. Journal 

of Agricultural and Food Chemistry, 57(24), 11537–11542. doi:10.1021/jf902669d 

Thomsen, M. (2004) Hepatotoxicity from Cimicifuga Racemosa? Recent Australian Case Report not Sufficiently Substantiated, 

The Journal of Alternative and Complementary Medicine, 9(3). doi: 10.1089/107555303765551552 

 

 

 

  

  

               
Citation: 

Mina Zakeri, Majid Monajjemi (2018). Effective molecules of some natural product as antidepressant and antihistamine drugs: A NMR study  

Ukrainian Journal of Ecology, 8(2), 255–262. 

 This work is licensed under a Creative Commons Attribution 4.0. License 
 

 

https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007/s11224-011%20-9895-8
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016%20/j.chemphys.%202013.07.014
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007/s00894-014-2507-y
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016/j.bpc.2015.10.003
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1021/jp312073q
https://doi.org/10.1021/jp104274z
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016/j.chemphys.2014.01.017
https://en.wikipedia.org/wiki/Digital_object_identifier
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016%2FB978-0-12-387667-6.00001-4
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1016%2Fj.jep.2008.09.009
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1021%2Facs.jmedchem.6b00975
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1002%2Fpca.975
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1124%2Fpr.114.010249
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1021%2Fjf902669d
https://doi.org/10.1089/107555303765551552

