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Abstract 
In the study of the mechanisms of chemical reactions, the most laborious calculations are connected 

with the study of the potential energy surface (PES), in particular, with the construction of reaction paths (RP) 
from the found transition states (TS) to the reactants and reaction products. The authors of this work suggested 
using several programs in the research process of reactions mechanisms  in order to take advantage of each of 
them. A P-AutoExtremum shell program was created for the Priroda program, which automates the process of 
investigating an elementary chemical reaction event, including searching for a PS, building an OL from a PS 
to reagents and products, and optimizing the geometry of the latter. For the Priroda program a P-
AutoExtremum shell program was created, which automates the process of investigating an elementary 
chemical reaction stage, including searching for a TS, building an RP from a TS to reagents and products, and 
optimizing the geometry of the latter. The final step in calculating the elementary stage of a chemical reaction 
is to compile a report using the P-Analysis program. The next step in investigating the reaction mechanism is 
to calculate the elementary act by a more accurate density functional method using Gaussian 09W (G09W). 
Unfortunately, at this stage there were technical problems associated with looping in calculating the reaction 
paths and optimizing the geometry of the reagents and reaction products. In part, they were overcome by 
applying the LQA option for the IRC keyword when B97X when B97XD method with calculating the RP 
and replacing the  calculating the PES. To reduce the computer time and increase the reliability of calculations 
when searching for extremes on the PES, the authors created the P-AutoExtremum (G) shell program. It runs a 
series of G09W program runs with CalcFC and MaxCycle=N options, in which N is specified by the control 
shell according to a user-defined rule. The geometry of the molecule at the origin is specified by the user, and 
is taken from the calculation that was completed earlier. If the specified number of geometry optimization 
iterations in G09W is exceeded, the shell computes the new value of N and calls G09W again. The process 
stops when the extremum is localized to the PES with the specified accuracy, or when the maximum number 
of calls G09W specified in the shell is exceeded. The experience of using the described shell to search for 
extrema in poorly convergent problems of aquathermolysis of sulfur-containing compounds has shown its 
effectiveness: the algorithm used successfully works, and the number of analytical calculations of the matrix 
of second derivatives decreases by a factor of 5-10 when the localization of extremum. 

 
 

References 
[1] J.A. Pople, M. Head-Gordon, K. Raghavachari. Quadratic configuration interaction - a general technique 

for determining electron correlation energies. J. Chem. Phys. 1987. Vol.87. P.5968-5975. 
[2] J.A. Pople, M. Head-Gordon, D.J. Fox, K. Raghavachari, L.A. Curtiss. Gaussian-1 theory: A general 

procedure for prediction of molecular energies. J.Chem. Phys. 1989. Vol.90. P.5622-5629. 
[3] L.A. Curtiss, C. Jones, G.W. Trucks, K. Raghavachari, J.A. Pople. Gaussian-1 theory of molecular 

energies for second-row compounds. J.Chem.Phys. 1990. Vol.93. P.2537-2545. 
[4] L.A. Curtiss, P.C. Redfern, K. Raghavachari. Gaussian-4 theory. J. Chem. Phys. 2007. Vol.126. 

P.084108. 
[5] L.A. Curtiss, P.C. Redfern, K. Raghavachari. Gaussian-4 theory using reduced order perturbation theory. 

J. Chem. Phys. 2007. Vol.127. P.124105. 



PHOTOMETRIC DETERMINATION OF CHROMIUM(III) AND IRON(III) WITH USING Na2EDTA __________ 10-18 

©Бутлеровские сообщения. 2017. Т.52. №12. _____________ E-mail:  journal.bc@gmail.com _______________ 29  

[6] M.A. Suntsova. Forecasting the enthalpies of the formation of new nitrogen-containing high-energy 
compounds on the basis of quantum chemical calculations. Thesis for the degree of candidate of chemical 
sciences. Moscow: M.V. Lomonosov  Moscow State University. 2016. (russian) 

[7] A.D. Becke. Density-functional thermochemistry. III. The role of exact exchange. J. Chem. Phys. 1993. 
Vol.98. P.5648-5652. 

[8] R. Ditchfield, W.J. Hehre, J.A. Pople. Self-Consistent Molecular Orbital Methods. 9. Extended Gaussian-
type basis for molecular-orbital studies of organic molecules. J. Chem. Phys. 1971. Vol.54. P.724. 

[9] D.N. Laykov. Development of an economical approach to the calculation of molecules by the density 
functional method and its application to solving complex chemical problems. PhD thesis in the physico-
mathematical sciences.  MSU. 2000. (russian) 

[10] D.N. Laikov, Yu.A. Ustynyuk. PRIRODA-04: a quantum-chemical program suite. New possibilities in 
the study of molecular systems with the application of parallel computing. Russ. Chem. Bull. 2005. 
Vol.54. No.3. P.820-826. (russian) 

[11] D.N. Lajkov, Yu.A. Ustynyuk. The system of quantum-chemical programs "Priroda-04". New 
opportunities for studying molecular systems using parallel computations. News of the Academy of 
Sciences. Chemistry Series. 2005. Vol.3. P.804-810. (russian) 

[12] J.P. Perdew, K. Burke, M. Ernzerhof. Generalized gradient approximation made simple. Phys. Rev. 
Lett. 1996. Vol.77. P.3865-3868. 

[13] J.P. Perdew, K. Burke, M. Ernzerhof. Errata: Generalized gradient approximation made simple. Phys. 
Rev. Lett. 1997. Vol.78. P.1396. 

[14] D.N. Laikov. A new parametrizable model of molecular electronic structure. J. Chem. Phys. 2011. 
Vol.135. P.134120. 

[15] A.G. Shamov, I.V. Aristov, G.G. Garifzianova, and G.M. Khrapkovsky. Theoretical study of the 
mechanism of model sulfur aquathermolysis asphaltene using of the Priroda program. Butlerov 
Communications. 2016. Vol.48. No.11. P.7-11. ROI: jbc-02/16-48-11-7 

[16] D.L. Egorov, A.G. Shamov, G.M. Khrapkovskii. Shell P-AutoExtremum for automation of the iterative 
algorithm of PES analysis using the Priroda program. Bulletin of the Technological University. 2015. 
Vol.18. No.21. P.12-15 (russian) 

[17] A.G. Shamov, D.L. Egorov, G.M. Khrapkovskii. Automate search for extremes in the Priroda software 
package using the P-AutoExtremum program: search for transient states. Bulletin of the Technological 
University. 2015. Vol.18. No.18. P.206-207 (russian) 

[18] D.L. Egorov, A.G. Shamov, and G.M. Khrapkovsky. Processing of the results of quantum chemical 
calculations using P-Analysis Program. Butlerov Communications. 2016. Vol.48. No.11. P.1-6. ROI: 
jbc-02/16-48-11-1 

[19] A.G. Shamov, G.G. Garifzyanova, I.V. Aristov, O.D. Fominykh, G.М. Khrapkovsky. Quantum-
chemical study of the mechanism of aquathermolysis phenanthro[4,5-bcd]thiophene. Bulletin of the 
Technological University. 2017. Vol.20. No.2. P.5-10. (russian) 

[20] G.A. Andrienko. https://www.chemcraftprog.com. 
[21] Gaussian 09, Revision E.01, M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. 

Cheeseman, G. Scalmani, V. Barone, B. Mennucci, G.A. Petersson, H. Nakatsuji, M. Caricato, X. Li, 
H.P. Hratchian, A.F. Izmaylov, J. Bloino, G. Zheng, J.L. Sonnenberg, M. Hada, M. Ehara, K. Toyota, 
R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. Vreven, J.A. 
Montgomery, Jr., J.E. Peralta, F. Ogliaro, M. Bearpark, J.J. Heyd, E. Brothers, K.N. Kudin, V.N. 
Staroverov, R. Kobayashi, J. Normand, K. Raghavachari, A. Rendell, J.C. Burant, S.S. Iyengar, J. 
Tomasi, M. Cossi, N. Rega, J.M. Millam, M. Klene, J.E. Knox, J.B. Cross, V. Bakken, C. Adamo, J. 
Jaramillo, R. Gomperts, R.E. Stratmann, O. Yazyev, A.J. Austin, R. Cammi, C. Pomelli, J.W. 
Ochterski, R.L. Martin, K. Morokuma, V.G. Zakrzewski, G.A. Voth,  P. Salvador, J.J. Dannenberg, S. 
Dapprich, A.D. Daniels, O. Farkas, J.B. Foresman, J.V. Ortiz, J. Cioslowski, and D.J. Fox. Gaussian, 
Inc., Wallingford CT. 2009. 

[22] G.M. Khrapkovskii. A theoretical study of the formation and destruction of the aci-forms of 
nitromethane and dinitromethane. Mendeleev Communications. 1997. Vol.7. No.5. P.169-171. 

[23] G.M. Khrapkovskii, D.V. Chachkov, A.G. Shamov. Influence of the structure of molecules on the 
change in the strength of the C-N bond in a series of nitroalkanes. I. Nitromethane, fluoronitromethanes, 
chloronitromethanes, fluorochloronitromethanes. Russ. J. Gen. Chem. 2001. Vol.71. No.9. P.1530-1538 
(russian) 

[24] A.F. Shamsutdinov, D.V. Chachkov, T.F. Shamsutdinov, A.G. Shamov, G.M. Khrapkovskii The effect 
of inhibited rotation of functional groups on the value of the pre-exponential factor of the reactions of 



Full Paper ____________________ N.Yu. Kuzyakov, V.A. Veshnyakov, Yu.G. Khabarov, and E.A. Skripnikov 

 30 ______________ http://butlerov.com/ ______________ ©Butlerov Communications. 2017. Vol.52. No.12. P.10-18.  

gas-phase monomolecular decomposition of some C- and O-nitrocompounds. Bulletin of the 
Technological University. 2004. No.2. P. 31-36. (russian) 

[25] G.M. Khrapkovsky, D.V. Chachkov, A.G. Shamov. Influence of the structure of molecules on the 
change in the strength of the C-N bond in the series of nitroalkanes. II. Nitroethane, fluoronitroethanes, 
chloronitroethanes, fluorochloronitroethanes. J. General Chemistry. 2004. Vol.74. No.11. P.1835-1841. 

[26] E.A. Mazilov, D.V. Chachkov, A.G. Shamov, G.M.  Khrapkovskii. Molecular structure and 
mechanisms of unimonomolecular decomposition of primary N-nitramines. Russ. J. Gen. Chem. 2009. 
Vol.79. No.3. P.414-427. 

[27] G.M. Khrapkovskii, R.V. Tsyshevsky, D.V. Chachkov, D.L. Egorov, A.G. Shamov. Formation enthalpies 
and bond dissociation enthalpies for C1-C4 MONONITROALKANES BY composite and DFT/B3LYP 
methods. Computational and Theoretical Chemistry (THEOCHEM). 2010. Vol.958. P.1-6. 

[28] D.D. Sharipov, D.L. Egorov, D.V. Chachkov, A.G. Shamov, G.M. Khrapkovskii. Theoretical study of 
competition of various mechanisms of gas-phase decomposition of aromatic nitrocompounds with 
hydrogen-containing substituents. 1. The influence of the molecular structure on the strength of the C-
NO2 bond and the activation energy of radical decay. Bulletin of the Technological University. 2010. 
Vol.13. No.7. P.45-52. (russian) 

[29] D.D. Sharipov, D.L. Egorov, E.V. Nikolaeva, A.G. Shamov, G.M.  Khrapkovskii. Theoretical study of 
the competition of various mechanisms of gas-phase decomposition of aromatic nitrocompounds with 
hydrogen-containing substituents. Part 2. The influence of the molecular structure on the barrier of 
activation of the nitro-nitrite rearrangement. Bulletin of the Technological University. 2010. Vol.13. 
No.9. P.34-39. (russian) 

[30] D.L. Egorov, G.M. Khrapkovsky, A.G. Shamov. Influence of the molecular structure on the 
dissociation energy of the C-NO2 bond in the series of fluoro- and chloro derivatives of dinitromethane. 
Bulletin of the Technological University. 2010. Vol.13. No.10. P.18-21. (russian) 

[31] G.M. Khrapkovskii, A.G. Shamov, R.V. Tsyshevsky, D.V. Chachkov, D.L. Egorov, I.V. Aristov. Effect 
of halogen substituents on C-N bond strength in nitromethane. Computational and Theoretical 
Chemistry. 2012. Vol.985. P.80-89. 

[32] G.M. Khrapkovskii, D.L. Egorov, A.G. Shamov The dissociation energy of the C-NO2 bond of 
nitrotoluenes. Bulletin of the Technological University. 2013. Vol.16. No.21. P.20-23. (russian) 

[33] G.M. Khrapkovskii, D.L. Egorov, A.G. Shamov. The dissociation energies of the C-NO2 bond of 
nitroanilines. Bulletin of the Technological University. 2013. Vol.16. No.22. P.13-16. (russian) 

[34] J.-D. Chai, M. Head-Gordon. Systematic optimization of long-range corrected hybrid density 
functional. J. Chem. Phys. 2008. Vol.128. P.084106. 

[35] J.-D. Chai, M. Head-Gordon. Long-range corrected hybrid density functionals with damped atom-atom 
dispersion corrections. Phys. Chem. Chem. Phys. 2008. Vol.10. P.6615-6620. 

[36] A.D. McLean, G.S. Chandler. Contracted Gaussian-basis sets for molecular calculations. 1. 2nd row 
atoms, Z=11-18. J. Chem. Phys. 1980. Vol.72. P.5639-5648. 

[37] K. Raghavachari, J.S. Binkley, R. Seeger, J.A. Pople. Self-Consistent Molecular Orbital Methods. 20. 
Basis set for correlated wave-functions. J. Chem. Phys. 1980. Vol.72. P.650-654. 

[38] A. Schaefer, C. Huber, R. Ahlrichs. Fully optimized contracted Gaussian-basis sets of triple zeta 
valence quality for atoms Li to Kr. J. Chem. Phys. 1994. Vol.100. P.5829-5835. 

[39] H.P. Hratchian, H.B. Schlegel. Accurate reaction paths using a Hessian based predictor-corrector 
integrator. J. Chem. Phys. 2004. Vol.120. P.9918-9924. 

[40] H.P. Hratchian, H.B. Schlegel. Using Hessian updating to increase the efficiency of a Hessian based 
predictor-corrector reaction path following method. J. Chem. Theory and Comput. 2005. Vol.1. P.61-69. 

[41] M. Page, Jr. J.W. McIver. On evaluating the reaction path Hamiltonian. J. Chem. Phys. 1988. Vol.88. 
P.922-935. 

[42] M. Page, Jr.C. Doubleday, Jr.J.W. McIver. Following steepest descent reaction paths - the use of higher energy 
derivatives with ab initio electronic-structure methods. J. Chem. Phys. 1990. Vol.93. P.5634-5642. 

[43] Y. Shao, Z. Gan, E. Epifanovsky, A.T.B. Gilbert, M. Wormit, J. Kussmann, A.W. Lange, A. Behn, J. 
Deng, X. Feng, D. Ghosh, M. Goldey, P.R. Horn, L.D. Jacobson, I. Kaliman, R.Z. Khaliullin, T. Kús, 
A. Landau, J. Liu, E.I. Proynov, Y.M. Rhee, R.M. Richard, M.A. Rohrdanz, R.P. Steele, E.J. 
Sundstrom, H.L. Woodcock III, P.M. Zimmerman, D. Zuev, B. Albrecht, E. Alguire, B. Austin, G.J.O. 
Beran, Y.A. Bernard, E. Berquist, K. Brandhorst, K.B. Bravaya, S.T. Brown, D. Casanova, C.-M. 
Chang, Y.Chen, S.H. Chien, K.D. Closser, D.L. Crittenden, M. Diedenhofen, R. A. DiStasio Jr., H. 
Dop, A.D. Dutoi, R.G. Edgar, S.Fatehi, L. Fusti-Molnar, A. Ghysels, A. Golubeva-Zadorozhnaya, J. 
Gomes, M.W.D. Hanson-Heine, P.H.P. Harbach, A.W. Hauser, E.G. Hohenstein, Z.C. Holden, T.-C. 
Jagau, H. Ji, B. Kaduk, K. Khistyaev, J. Kim, J. Kim, R.A. King, P. Klunzinger, D. Kosenkov, T. 



PHOTOMETRIC DETERMINATION OF CHROMIUM(III) AND IRON(III) WITH USING Na2EDTA __________ 10-18 

©Бутлеровские сообщения. 2017. Т.52. №12. _____________ E-mail:  journal.bc@gmail.com _______________ 31  

Kowalczyk, C.M. Krauter, K.U. Lao, A. Laurent, K.V. Lawler, S.V. Levchenko, C.Y. Lin, F. Liu, E. 
Livshits, R.C. Lochan, A. Luenser, P. Manohar, S.F. Manzer, S.-P. Mao, N. Mardirossian, A.V. 
Marenich, S.A. Maurer, N.J. Mayhall, C.M. Oana, R. Olivares-Amaya, D.P. O’Neill, J.A. Parkhill, 
T.M. Perrine, R. Peverati, P.A. Pieniazek, A. Prociuk, D.R. Rehn, E. Rosta, N.J. Russ, N. Sergueev, 
S.M. Sharada, S. Sharmaa, D.W. Small, A. Sodt, T. Stein, D. Stück, Y.-C. Su, A.J.W. Thom, T. 
Tsuchimochi, L. Vogt, O. Vydrov, T. Wang, M.A. Watson, J.Wenzel, A. White, C.F. Williams, V. 
Vanovschi, S. Yeganeh, S.R. Yost, Z.-Q. You, I.Y. Zhang, X. Zhang, Y. Zhou, B.R. Brooks, G.K.L. 
Chan, D.M. Chipman, C.J. Cramer, W.A. Goddard III, M.S. Gordon, W.J. Hehre, A. Klamt, H.F. 
Schaefer III, M.W. Schmidt, C.D. Sherrill, D.G. Truhlar, A.Warshel, X. Xua, A. Aspuru-Guzik, R. 
Baer, A.T. Bell, N.A. Besley, J.-D. Chai, A. Dreuw, B.D. Dunietz, T.R. Furlani, S.R. Gwaltney, C.-P. 
Hsu, Y. Jung, J. Kong, D.S. Lambrecht, W. Liang, C. Ochsenfeld, V.A. Rassolov, L.V. Slipchenko, J.E. 
Subotnik, T.Van Voorhis, J.M. Herbert, A.I. Krylov, P.M.W. Gill, and M. Head-Gordon. Advances in 
molecular quantum chemistry contained in the Q-Chem 4 program package. Mol. Phys. 2015. No.113. 
P.184-215. 

[44] H.B. Schlegel. Optimization of equilibrium geometries and transition structures J. Comp. Chem. 1982. 
Vol.3. P.214-218. 

[45] C.J. Cerjan, W.H. Miller. On Finding Transition States. J. Chem. Phys. 1981. Vol.75. P.2800-2806. 
[46] J. Simons, P. Jørgensen, H. Taylor, J. Ozment. Walking on Potential Energy Surfaces. J. Phys. Chem. 

1983. Vol.87. P.2745-53. 
[47] A. Banerjee, N. Adams, J. Simons, R. Shepard. Search for Stationary Points on Surfaces. J. Phys. 

Chem. 1985. Vol.89. P.52-57. 
[48] X. Li, M.J. Frisch. Energy-represented DIIS within a hybrid geometry optimization method. J. Chem. 

Theory and Comput. 2006. Vol.2. P.835-839. 
[49] J.B. Foresman, A. Frisch. Exploring Chemistry with Electronic Structure Methods. Wallingford CT. 

Gaussian, Inc. 2015. 531p. 
[50] Gaussian 16, Revision A.03, M.J. Frisch, G.W. Trucks, H.B. Schlegel, G.E. Scuseria, M.A. Robb, J.R. 

Cheeseman, G. Scalmani, V. Barone, G.A. Petersson, H. Nakatsuji, X. Li, M. Caricato, A.V. Marenich, 
J. Bloino, B.G. Janesko, R. Gomperts, B. Mennucci, H.P. Hratchian, J.V. Ortiz, A.F. Izmaylov, J.L. 
Sonnenberg, D. Williams-Young, F. Ding, F. Lipparini, F. Egidi, J. Goings, B. Peng, A. Petrone, T. 
Henderson, D. Ranasinghe, V.G. Zakrzewski, J. Gao, N. Rega, G. Zheng, W. Liang, M. Hada, M. 
Ehara, K. Toyota, R. Fukuda, J. Hasegawa, M. Ishida, T. Nakajima, Y. Honda, O. Kitao, H. Nakai, T. 
Vreven, K. Throssell, J.A. Montgomery, Jr., J.E. Peralta, F. Ogliaro, M.J. Bearpark, J.J. Heyd, E.N. 
Brothers, K.N. Kudin, V.N. Staroverov, T.A. Keith, R. Kobayashi, J. Normand, K. Raghavachari, A.P. 
Rendell, J.C. Burant, S.S. Iyengar, J. Tomasi, M. Cossi, J.M. Millam, M. Klene, C. Adamo, R. Cammi, 
J.W. Ochterski, R.L. Martin, K. Morokuma, O. Farkas, J.B. Foresman, and D.J. Fox. Gaussian, Inc., 
Wallingford CT. 2016. 
 
 

 


