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topoisomerase |Il. This study was carried out by the quantum chemistry method of density functional
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of 2-body and 3-body interaction, cooperativity, relaxation and total interaction. The results of these
calculations helped to appreciate the rigidity of each fragment between the isolated and complex states.
They also allowed knowing the stability of each complex and the contribution of each interaction term to
this stability.
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Cooperativity of Three Fragments: Protonated or
Methylated Makaluvamine, Water Molecule and
Glutamic Acid Molecule in Twelve Complexes
and their Stabilities. A Study Performed at
B3LYP/6-31+G(d,p) Level

Soleymane Koné *, Sékou Diomandé ° & El-Hadji Sawaliho Bamba °

Abstract- Makaluvamines are used by intercalation in the DNA
for the treatment of cancer cells such as colon cancer,
prostate cancer, breast cancer.... This work studies energetic
and geometrical parameters of stability of the 3-body
complexes formed by six Makaluvamines, first protonated and
then methylated by interactions with a water molecule and a
glutamic acid molecule (Glu. Ac), a protein residue of
topoisomerase |l. This study was carried out by the quantum
chemistry method of density functional theory (DFT). Firstly,
we determined the energy of each super-molecule, the
energies of all units of two fragments and one fragment in the
geometries of the complexes. We have also determined the
energies of 2-body and 3-body interaction, cooperativity,
relaxation and total interaction. The results of these
calculations helped to appreciate the rigidity of each fragment
between the isolated and complex states. They also allowed
knowing the stability of each complex and the contribution of
each interaction term to this stability. These calculations were
used to consider the form (protonated or methylated) of these
Makaluvamines suitable for docking. In a second step, we
studied the interactions between the three bodies by using
hydrogen bond (HB) parameters. This analysis shows in which
cases the hydrogen bonds formed are stronger. All theoretical
calculations were performed at B3LYP/6-31+G(d,p). The
BSSE correction was taken into account for the total
interaction and cooperativity energies of the three fragments.
Keywords: makaluvamines, complexes, fragment (body),
energy of cooperativity, energy of interaction, hydrogen
bond (HB), DFT.

. INTRODUCTION

n the challenge of fighting cancer, one of the real

causes of mortality worldwide [1,2], Makaluvamines

represents a "green gold mine" for the scientific
community. Indeed, the search for molecules that are
'candidates for ideal drugs" against cancer conducted
the study of extracts from marine plant organisms. They
had found to contain compounds with unique
pharmacological properties [3,4]. Makaluvamines are
alkaloids extracted from marine algae with anticancer
activities [5].
Author o o p: Laboratoire de Chimie Organique et de Substances

Naturelles de I'UFR SSMT, Université Félix Houphouét-BOIGNY, 22 BP
582 Abidbjan 22, Céte d’Ivoire. e-mail: konesol2003@yahoo.fr

In previous work, we have studied the hydrogen
bond interactions of charged Makaluvamines with an
H,O molecule and with a glutamic acid molecule
(Glu Ac.) [6]. This work permitted to elucidate the
geometric and energetic parameters of the interactions
between two fragments, Makaluvamines charged with
an H,O molecule or with the molecule of Glu Ac. using
the density functional theory (B3LYP).

The current study, a continuation of the previous
work, focuses on the formation of 3-body complexes
between the charged (protonated or methylated)
Makaluvamines and the two molecules of H,O and Glu
Ac. Concerning super-molecule with more than two
bodies, the cooperativity of the different fragments is
very determining for its stability by interactions.

The goal of our study was to determine the
energy contributions of each 2-body and 3-body
interaction term to the stabilization of super-molecules. It
will also allow us to discover in which form, protonated
or methylated, the docking of Makaluvamines would
give more stable complexes. Moreover, the calculations
of the relaxation energies of the different bodies of each
complex will allow us to discuss the degree of distortion
of the geometry of each fragment between the isolated
and complex states. The analysis of the geometric
parameters of interactions in these three-body
complexes was carried out by applying a hydrogen
bond (HB) criteria. All theoretical calculations in this
work were done in the gas phase with the B3LYP
functional associated with 6-31+G (d,p) basis set.

II. STUDIED MAKALUVAMINES AND METHODS
OF CALCULATION

a) Studied Makaluvamines

This work has focused on twelve three-body
complexes: protonated (or methylated) Makaluvamine +
one molecule of H,O + one molecule of Glu Ac. Six
Makaluvamines |, A, C, H, O, and N are involved in the
formation of the complexes. The protonated (XH*) and
methylated (X¥) 2D structures of these alkaloids were
reported in figure 1.

© 2020 Global Journals
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IH* I*
CH* C
0H+ 0'8‘

AH* A’
HH* H*
NH* N*

Figure 1: 2D structures of studied Makaluvamines in 3-body complexes

b) Methods of calculation

Calculations were performed with the Gaussian
09 software [7]. The method used is the density
functional theory (DFT) [8]. The hybrid functional B3LYP
and others, when combined with an extended base of
functions, give a good agreement between experimental
and theoretical data of molecular properties [9]. Our
choice has focused on the DFT/B3LYP method for all
the theoretical calculations. An optimization calculation
of the molecular geometry was performed on the twelve
structures of figure 1 with one molecule of H,O and one
molecule of Glu Ac. The 2-body and 3-body interaction
energies were determined in these complexes. The
"super-molecule" approach used here actually leads to
an error on the variation of the total energy calculated
during the formation of the complex. This error is due to
the phenomenon of "Basis Set Superposition Error"
or BSSE, which leads to an excessive energetic
stabilization of the complex compared to the monomers.
In a previous study on 2-body super-molecules of
Makaluvamines [10], we have described the procedure
for calculating the interaction, relaxation, and BSSE
energies. For this work, calculations were performed at
B3LYP/6-31+G(d,p) levels.

© 2020 Global Journals

i. Estimation of cooperative effects in 3-body
complexes
The stability of a complex is always subject to
nature (attractive or dispersive) of the various
interactions between the fragments that constitute it. In
other words, the interaction between fragments (or the
energy of the interaction) is always disrupted by the
adding of an additional fragment(s). In our approach,
three fragments compose each complex. For example,
the first designated A, represents protonated
Makaluvamine or methylated Makaluvamine, and the
last two fragments, designated B and C, are a molecule
of water and a molecule of glutamic acid, respectively.
In the approach called "super-molecule" the interaction
energy of the formed complexes can also be calculated
according to equation 1:

AE = AE, (A) + A,y (B) + AE, (C) + AE,(AB) +
AE,(BC) + AE,(AC) + AE5.(ABC) (éq. 1)

The relaxation energy, AE,, reflects the
distortion of geometry between the isolated and
complexed states of a given fragment. The terms
AE, . are called n-body energies. Two-body energies are
in the majority of cases additive, while three-, four-,



n-body energies are not additive. Indeed, two-body
energy derived naturally from the interactions between
two neighboring fragments. On the other hand, the
interactions existing in the ABC complex (more than two
bodies) cannot be expressed as a superposition of two-
body interactions, first between A and B, then between
B and C, and finally, between A and C. It is the three-
body term that reflects cooperative effects, the influence
of a fragment C on the interaction between A and B for
example. Calculations of the two- and three-body terms
are done in equations 2 and 3 respectively below:

AE;c(AB) = Ejyt (AB) — Efc (A) — Eny. (B)
(€a.2)
AE;(ABC) = Ess#V" (ABC) — {EXBC (A) + Ejyc (B) +
B}y (©) = {Eff (4B) + By (BC) + Ef Y (AC)}
(€a. 3)

In the end, the corrected cooperativity energy of
the BSSE in our complexes was calculated from the
following equation 4:

Ecoop (BSSE) = AE3c(ABC) — AE,((AB) — AE;¢(BC) —
AE,(AC) + BSSE (éq. 4)

i. Geometric parameters of hydrogen bonds in
complexes

The hydrogen (HB) bond is an attractive
interaction between a hydrogen atom of a molecule or
molecular fragment X-H in which X is more
electronegative than H, and an atom or group of atoms
in the same molecule or a different molecule, in which
there is evidence of bond formation [11].

The geometric analysis of the HB interactions of
Makaluvamines with a molecule of H,O and GluAc were
performed by the recommendations of Desiraju and
Steiner [12], including the parameters defined in
figure 2.

acceptor

atom

(N,O,F,..)

Figure 2: Geometric parameters d, D, «, and 6 describing a hydrogen bond.

In this figure, d is the length of the hydrogen
bond expressed about the hydrogen atom (by putting H
in the centre of the reference), D is the distance between
heavy atoms. The angles a and B describe the linear
and directional character of the hydrogen bond.

16

|J‘

XX

15
14

Figure 3 below shows the numbering of the
different atoms of the Makaluvamines and the Ac Glu
residue. This numbering permits a more precise
description of the interactions by HB between the
fragments in the studied super-molecules.

Ac Glu

Figure 3: Numbering used to describe the interactions (HB) between Makaluvamines and water and glutamic acid
molecules. For protonated Makaluvamines XH™, C,sH,was replaced by H.

© 2020 Global Journals
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111 RESULTS AND DISCUSSION to the level of theory indicated are in Figure 4. The
different energy parameters calculated for the six

a) Energy parameters of 3-body complexes complexes of this figure were presented in table 1.
The geometries of 3-body super-molecules with

protonated Makaluvamines (XH*-H,O-Ac Glu) optimized

; &
. ° J ? ‘#“ ’/3
,‘ a{' ,:f._ ‘sz{“

)

IH*---H,O---Ac Glu AH"---H,0---Ac Glu

Rt
&)

NH*---H,0---Ac Glu OH"---H,0---Ac Glu

Figure 4. Optimized structures of 3-body complexes of a series of protonated Makaluvamines (XH*) with a molecule
of H,O and a molecule of Ac Glu.

Al of the structures of the complexes formed are in the form of three-membered ring structures: XH*---H,0O--
-Ac Glu---XH".

© 2020 Global Journals



Table 1: Energies of the 3-body, 2-body, and 1-body molecular geometries in the geometry of the complex (CPL)
XH*YZ. Energies of the XH", Y, and Z bodies in their geometries (local), XH™, Y, Z bodies relaxation and total
relaxation, energies of the 2-body and 3-body interactions. BSSE corrected cooperativity energy. All these energies

are in kcal/mol.

Complexes BSSE | Exi'y(ery Evziemy Exi'zory Exi'vz ey Exi" cry Evcmy Ezcmy
IH*...H,0...AcGlu | 2.82 | -441058.87 | -393738.52 | -739031.13 -787006.64 -393082.02 | -47964.66 -345850.34
AH*...H,O...AcGlu | 2.11 -465730.80 | -393829.78 | -763701.87 -811679.08 -417754.19 | -47964.66 -345850.78
CH*...H,O...AcGlu | 3.11 -465737.85 | -393828.68 | -763706.67 -811684.03 -417761.18 | -47964.66 -345850.08
HH*...H,O...AcGlu | 2.06 | -489985.16 | -394159.19 | -788368.53 -836351.90 -442011.19 | -47964.66 -346179.16
NH*...H,O...AcGlu | 7.15 |-2054096.37 | -394166.53 |-2352488.30 | -2400464.31 | -2006118.57 | -47964.66 -346179.79
OH*...H,0...AcGlu | 4.52 |-2066558.46 | -394159.05 |-2364953.91 | -2412929.23 | -2018580.71 | -47964.66 -346179.16

+ + + + + Eooo
Complexes Ext™ goca) Ev goca) Ez goca) Eroa Er Erg ABxy"y | BBz | DBvz | B yz (cor BSpSE) Ep(tot) | AE;(tot)
IHJ'ACEZS -393082.02 | -47980.02 | -345850.44 0.00 15.36 0.10 -12.19 -98.76 | -12.91 14.24 140.91 15.46 -01.34
AH;CEIZL? -417754.19 | -47980.02 | -345850.44 0.00 15.36 -0.34 -11.96 -96.90 | -14.34 | 13.75 139.06 15.03 -02.32
CH/:cng -417761.18 | -47980.02 | -345850.44 0.00 15.36 0.36 -12.01 -95.41 | -13.95 | 13.25 137.72 15.73 -89.28
-
HHA.c“(I;IZUO -442432.72 -47980.02 | -345850.44 | 421.52 15.36 -328.72 -9.31 -178.18 | -15.37 5.97 210.88 108.17 -86.66
NHA.CHGHIZUO -2006540.57 | -47980.02 | -345850.44 | 422.00 | 15.36 | -329.35 | -13.14 | -189.94 | -22.09 | 23.88 256.20 108.02 -86.12
OH;'C"GHﬁJO -2018961.71 | -47980.02 | -345850.44 | 381.00 | 156.36 | -328.72 | -13.10 | -194.04 | -15.24 | 17.67 244.57 67.65 -132.53
Body XH": Protonated Makaluvamine; Body Y: H,O and Body Z: Ac Glu
The total electronic energies Exy+yzcp,)Of the —are independent of this geometry. Only the

three-body complexes in Table 1 range from -787006.64
kcal.mol™ to -2412929.23 kcal.mol’. These super-
molecules are, therefore, very stable, particularly those
formed by the protonated Makaluvamines NH™ and
OH™. These two complexes are, on average, 3 times
more stable than those forming with the protonated
Makaluvamines IH*, AH*, CH", and HH*. The most
stable of the structures was obtained with the
protonated Makaluvamine OH*. The least stable of
these super-molecules is that obtained with the
reference Makaluvamine IH™ (absence of substituent on
the base skeleton). The introduction of substituents on
this reference skeleton further stabilizes these
complexes.

The energies of the 2-body fragments in the
geometry of the complexes show that for a given
structure, the two XH*---Ac Glu fragments are more
stable. Their energy is much closer to that of the super-
molecule. Secondly, we find the one of the two
XH'---H,0 fragments. The energies Eyy+zpyy and
Exu+ycpr) respectively of the XH"---Ac Glu and XH"---
H,O fragments depend strongly on the geometry of the
super-molecule. Of all the two-body fragments, H,O---
Ac Glu has the highest energies (Eyz(cp)). They have
the least stable geometries. Their energies seem to
depend very little on the geometry of the super-
molecule.

The analysis of the data of the 1-body
fragments in the geometries of the complexes clearly
shows that the values of the energies Eyp,) and
Ezcpryrespectively of the water and Ac Glu molecules

Exy+cpy)€nergy of the protonated Makaluvamine is
dependent on the geometry of the complex. For a given
structure, the sum of the three energy values of the 1-
body fragments (Exy+cpr) + Evcrr) + Ezccpry) IS always
higher than that of the super-molecule. This shows that
the total electronic energy of a complex is not a direct
sum of the energies evaluated at the same level of
constituent fragment theory in the geometry of the
complex. The terms resulting from interactions must
naturally were taken into account.

The relaxation energy Ep shows that the
geometry of the water molecule is subject to the same
distortion in all the complexes studied. In the isolated
state, this molecule is in a more stable conformation
than in the complexed state. As for the fragments of the
protonated Makaluvamines IH*, AH*, and CH®, the
results indicate that their geometries do not show any
deformation from their isolated states to the complexes
they form. In the structures of these protonated
Makaluvamines, the geometry of the glutamic acid
molecule is very little modified compared to its isolated
state. Finally, the water molecule is the fragment whose
geometry was most modified during the formation of the
three-body ~ complexes  from  the  protonated
Makaluvamines IH", AH*, and CH". The interaction
between the water molecule, the glutamic acid
molecule, and each of the protonated Makaluvamines
HH*, NH", and OH* is associated with significant
distortions of their geometries about their isolated
states. In these complexes, the fragments are in less
stable conformations. In these three super-molecules,
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the Ac Glu molecule faces the same relatively important
structural distortion. This fragment adopts a lower
energy conformation in the complexes than in the
isolated state. In general, the Ac Glu fragment tends to
take a molecular geometry of low energy in the
complexes. The other two bodies (XH* and H,0), when
their geometry is modified, are less stable than in the
isolated state. No complex is formed without distortion
of at least one fragment, as shown by Eg (tot) # 0.

The 2-body interaction energies all have a
stabilizing character. The terms AEyy+_y and AEyy+_z,
correspond respectively to the interactions XH*---H,O
and XH*---Ac Glu. The values of AEy,+_y are close to
the interaction energies of the 2-body complexes
formed by these two fragments [6]. This energy is the
weakest contribution to the stabilization interaction in 3-
body complexes. The terms AEyy+_;were compared to
the energy of 2-body structures between protonated
Makaluvamines and Ac Glu [6]. The interactions
between these two fragments are much stronger in 3-
body complexes. The difference is apparent in the

complexes formed by the protonated Makaluvamines
HH™, NH*, and OH™. This 2-body interaction (XH"---Ac
Glu) is the main contribution to the stabilization of super-
molecules. The third 2-body term, AEy_,, corresponding
to the interaction energy between the water molecule
and the glutamic acid molecule is in the range of
-12.91 kcal.mol" to -22.1 kcal.mol’. The 3-body
interaction AEyy+_y_z @S expected, has a destabilizing
character for complexes. This energy ranges from
+5.97 kcal.mol™ to +23.88 kcal.mol™. The sum of the
2-body and 3-body terms, the relaxation energies of the
individual fragments, and the BSSE correction lead to
the total interaction energy between the constituents in
the super-molecule. This energy added to the terms of
the three 1-body fragments in the geometry of the
complex leads to a value that is sufficiently close to the
total energy of each structure.

The optimized structures of the six complexes
obtained with methylated Makaluvamines (X*-H,O-Ac
Glu) were showed in figure 5. Their energy parameters
were reported in table 2.

C¥--H,0--Ac Glu
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N¥---H,0--Ac Glu

O*---H,0---Ac Glu

Figure 5: Optimized structures of 3-body complexes of a series of methylated Makaluvamines (X*) with a molecule of
H,O and a molecule of Ac Glu.

The structures of the formed complexes are in the form of rings or linear chains.

Table 2: Energies of the 3-body, 2-body, and 1-body molecular geometries in the geometry of the complex (CPL)
X*YZ. Energies of the bodies X*, Y, and Z in their geometries (local), X*, Y, Z bodies relaxation and total relaxation,
energies of 2-body and 3-body interactions. BSSE corrected cooperativity energy. All these energies are in

kcal.mol™.
Complexes BSSE Ex’y cry Evzcry Ex"z cry Ex'vz cry Ex” cry Evcry Ezcry
I*...H,O...Ac Glu 1.73 -465728.80  -393812.84 -763675.89 -811648.91 -417752.24  -47964.66 -345850.34
A¥...H,0...Ac Glu 2.39 -490400.50 -393832.98 -788353.77 -836337.12 -442424.19  -47964.66 -345850.34
C*...H,O...Ac Glu 2.61 -490407.69  -393828.24  -788362.42 -836339.19 -442431.32  -47964.66 -345850.34
H¥...H,0...Ac Glu 2.88 -515078.75  -393831.81 -813025.74 -861010.81 -467102.63 -47964.66 -345849.04
N¥...H,0...Ac Glu 2.31 -2079178.53 -393813.09 -2377133.16 -2425104.46 -2031203.53 -47964.66 -345850.34
0*...H,0...Ac Glu 3.17 -2091182.80 -394159.15 -2389571.63 -2437550.24 -2043200.92 -47964.66 -345850.29
¥ ¥ ¥ E,
Complexes Ex” focan Ev tocay Ez gocan Ery Enyw Erg AEXy AE; AEy, AE s (cor OBOOSDSE) Eq(tot) AE ,(tot)
|(;|.l|1‘|20..AC -417752.24  -47980.02  -345850.44  0.00 15636 010 -11.90 -73.31 216 -345848.96  -345764.17 15.46  -345914.81
gL.HQO..AC -44242419  -47980.02  -345850.44  0.00 15636 0.10 -11.65 -79.24 -17.97  -345839.41 -345728.16 15.46  -345930.43
g:l'J'HZO"Ac -442431.32  -47980.02 -345850.44  0.00 15636 0.10 -11.71  -80.75 -13.24  -345837.52 -345729.21 1546 -345925.15
ELIHZO"AC -467102.63  -47980.02 -345850.44  0.00 1636 1.40 -11.47 -74.07 -18.12  -345839.87 -345733.33 16.77 -345923.87
('\;TGHZO"AC -2031203.53 -47980.02  -345850.44  0.00 15636 0.10 -10.35 -79.29 -17.89  -345828.76  -345718.92 15.46 -345918.50
8L'HZO"AC -2043627.25 -47980.02 -345850.44 426.34 1536 0.15 -17.22 -520.43 -344.20 -345502.81 -344617.80 441.85 -345939.64

Body X*: Methylated Makaluvamine; Body Y: H,O and Body Z: Ac Glu

The values of the terms Eyvy,(CPL) range
from -811648 kcal.mol™ to -2437550.24 kcal.mol”. The
energy of each X*--H,O--Ac Glu complex is at least
24621 to 24659 kcal.mol™ lower than that of the analog
XH*--H,O--Ac Glu. The 3-body super-molecules formed
by the methylated Makaluvamines I*, A¥, C*, H*, N*¥, and
O* with H,O and Ac Glu are very stable compared to
their analogs with the same protonated Makaluvamines.
Similar to table 1, structures with the methylated
Makaluvamines N¥ and O¥ are three times more low
than those formed with I*, A¥, C¥, and H¥. Analysis of the
stability of two-fragment structures in the geometry of
the complex shows that the X*---Ac Glu fragments are

always the most stable. In second place in this
classification are the two molecules X*---H,O. The
energies Eyrzcpry ) and Exry(cpry respectively of the
fragments X*---Ac Glu and X*---H,O depend strongly on
the geometry of the super-molecule. The H,O---Ac Glu
fragments have the highest energies (Eyzp.)) and are,
therefore, the least stable. The values of the terms about
two fragments depends very little on the geometry of the
super-molecule.

The energies Eypyand Ezcpy)respectively of
the water and Ac Glu molecules (1-body fragments) in

the geometries of the complexes clearly show that they
do not depend on these geometries. Only the energy
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Exvcpry Of the methylated Makaluvamine is always
subject to the complex geometry. The sum of the terms
of 1-body fragments (Exvcpry + Eycpr) + Ez(cpry) In the
complex geometry is not equal to the total energy of the
complex. The relaxation energy Er (X?) shows that of all
the methylated Makaluvamines studied, only the
structure of O was distorted between the isolated state
and the complexed state. In this particular case, the
Makaluvamine O¥ is in a lower energy molecular
geometry in the uncomplexed state. The geometry of the
Ac Glu molecule was slightly distorted between the two
states. This fragment is however, more stable in the
isolated state. The geometry of the water molecule has
the same distortion in all the complexes studied (tables
1 and 3). This fragment is always in a less stable
conformation in the super-molecule.

Apart from the term AEy_, corresponding to the
interaction between the fragments H,O and Ac Glu in
the complex I*--H,O--Ac Glu, the 2-body interaction
energies all have a stabilizing character. The interaction
energies AEyy_y between the fragments XV (methylated
Makaluvamines) and the H20 molecule are always
close to the interaction energies of the 2-body
complexes formed by these fragments [6]. It is the
lowest energy of the stabilization interaction in the
complexes in Table 3. The interaction energies
AEyy_; between the methylated Makaluvamines X¥ and
Ac Glu are higher in 3-body complexes than in 2-body
complexes [6]. Exceptionally, this interaction is four
times stronger in the O*--H,O-Ac Glu complex than in
the I*---Ac Glu complex. It is still the energy AEyy_, that
constitutes the most important 2-body interaction for the
stabilization of these 3-body complexes. The third
2-body term, AEy_;, indicates a strong interaction
between the H,O molecule and the Ac Glu molecule in
the complex O¥--H,O--Ac Glu (-344.20 kcal.mol™). The
energy of this interaction ranges from -13.24 kcal.mol
to -17.89 kcal.mol™ for the complexes A*--H,O--Ac Glu,
C¥--H,0--Ac Glu, H*--H,0--Ac Glu and N*--H,0O--Ac Glu.
The 3-body interaction AEyy_y_,, unexpectedly, has a
stabilizing character in these six complexes. It ranges
from -355502.81 kcal.mol” to -345848.96 kcal.mol.

This energy reflects the strong global interaction
AE,,, (tot) between all the fragments of these
complexes. This global interaction AE;, (tot) is
estimated to range between -345914.81 kcal.mol™ and -
345939.64 kcal.mol™. The 3-body interaction AEyy_y_,
doesn't contribute to the calculation of total energy of
the complex, although it is stabilizing. Indeed, the total
energy of each complex (Exryz (CPL)) was obtained with
a good approximation by summing the energies of the
1-body fragments in the geometry of the complex
(Exy(CPL) + E,(CPL) + E;(CPL))and the terms of 2-
body interaction energies (AEyy_y + AEyy_; + AEy_3).
Since all 2- and 3-body interactions are stabilizing in
these super-molecules with an exceptionally important
contribution of the 3-body terms, we can affirm that the
three fragments X*, H,O, and Ac Glu cooperate very well
in these complexes. The high values of AEyy_y_;
confirm this result.

In the final analysis, we note that for the six
Makaluvamines studied, the 3-body complexes of the
methylated forms are at least 24600 kcal.mol” more
stable than those obtained with the protonated forms.

For a given protonated or methylated form,
Makaluvamines O and N lead to the most stable
complexes, the complex with Makaluvamine H has a low
energy than those obtained with Makaluvamines A and
C having close stabilities. Makaluvamine, | form the least
stable complex. The total energy of interactions in these
3-fragment complexes is also at least 345800 kcal.mol
lower with methylated Makaluvamines. There is also
better cooperativity of these in these complexes. All
these results would indicate that the structures of the
methylated Makaluvamines are more favorable for
forming complexes by docking compared to those of
the protonated Makaluvamines.

b) Geometrical parameters of interactions in 3-body
complexes
These geometrical interaction parameters
analyzed according to the H-bond approach are
reported in Table 3 for the six structures in figure 4 and
Table 4 for the complexes in figure 5.

Table 3: Geometrical parameters of HB determined at B3LYP/6-31+G(d,p) level in complexes of protonated
Makaluvamines interacting with an H,O molecule and an Ac Glu molecule.

Complexes Interactions a () 0 () d A D (A
IH-H,0-Ac GIu NH..O,CHoN 163.25 105.59 155 260
N,,H...OH, 168.35 127.20 1.86 287
OH,....NH,(Ac glu) 175.93 110.91 1.79 279
AH*H,0-AcGlu  NH..O,C.HN 175.71 126.71 152 261
N,,H...OH, 165.93 114.48 1.87 288
OH,...0,C.HN 170.67 175.49 1.75 272
CH-H,0-AcGIU  NH...O,CHN 164.81 115.24 1.50 057
N,,H...OH, 169.52 121.10 1.84 286
OH,....NH,(Ac glu) 179.82 104.57 1.85 285
HH'H,0-AcGlu  NgH...0.C.HN 151.63 165.91 221 3.15
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NH...OH, 173.97 106.71 1.01 2.73
OH,...04CsH N 165.08 114.98 1.01 2.63
NH*-H,0-Ac Glu  NgH...0,CsHoN 159.43 114.52 1.00 2.76
N,H...OH, 156.74 115.20 1.92 2.89
OH,...0,CH,N 177.44 136.09 1.87 2.84
OH*H,0-AcGlu  NyH...O,CHoN 142.91 161.46 2.06 2.94
OH,...0,CH N 171.04 112.05 1.00 2.67
OH,...BrOH* 168.08 112.58 2.40 3.36

Each fragment of these complexes establishes
two interactions. As expected, XH™ protonated
Makaluvamines interact by preferred hydrogens (sites),
namely N;H and N;H [6]. Ac Glu binds preferentially by
its oxygen atoms O, and O, on HN; to the protonated
Makaluvamine. The water molecule is binding to the XH*
hydrogen HN,; through its oxygen. In the interaction
between the Ac Glu and H,O fragments, water is
frequently the donor and glutamic acid the acceptor. All
the geometrical parameters of these interactions show

values that are very favorable to the formation of H-
bonds. The linearity anglea ranges from 143° to 180°.
On average, this angle is 167°. The directionality
parameter 8, varies between 105° and 176°, with an
average of 125° This angle is suitable for forming
H-bonds. Also, all the distances d between hydrogen
and the acceptor atom are shorter than the sum of their
Van Der Waals radii. The values are between 1.00 A and
2.06 A. Thus, strong H bonds were established in these
complexes between the different fragments.

Table 4: Geometrical parameters of HB determined at B3LYP/6-31+G(d,p) level in complexes of methylated
Makaluvamines interacting with a molecule of H,O and a molecule of Ac Glu.

Complexes Interactions a () 0 () d A DA
[*-H,0-Ac Glu C,H...0,CsHN 167.30 105.67 1.85 2.93
N,,H...OH, 175.58 122.60 1.94 2.95
A*H,0-Ac Glu  OH,...0,C;HN 176.94 130.34 1.59 2.60
C,H...0,C.HN 177.21 141.45 2.41 3.51
N,,H...OH, 150.24 98.59 1.80 2.79
C*-H,0-Ac Glu  CyH...0,C.H N 130.33 125.47 2.20 3.03
N,,H...OH, 160.97 119.40 1.89 2.88
OH,...0,C,HN 169.59 151.62 1.83 2.80
H*-H,O-Ac Glu  CH...0,CsHN 151.22 97.54 2.35 3.35
N,,H...OH, 146.04 117.86 1.95 2.86
H,0...0,C;HN 173.42 138.75 1.67 267
N*-H,0-Ac Glu ~ C,H...0,CHN 160.05 98.34 2.05 3.10
N,,H...OH, 149.95 123.79 2.00 2.92
CsH...0,C.HoN 135.33 113.33 2.22 3.10
CH...0,CH,N 146.47 107.13 218 3.15
0*-H,0-AcGlu  N;H...0,CHN 173.80 115.45 1.07 258
OH,...N;H 159.11 135.08 1.62 2.64

All interactions established to form these the X*---H,O---Ac Glu structures are generally weaker

complexes were performed on privileged electrophilic
(hydrogen) sites identified in the structures of the
methylated Makaluvamines X* [6].

The angular parameters satisfy the conditions
for the formation of H-bonds. Indeed, the angle of
linearity a is wide open, on average 159°, indicating an
appropriate alignment of the donor, hydrogen and
acceptor atoms. Also, it was noted that the directionality
angle 8 defined between the one next to the acceptor
and the hydrogen involved in the interaction is well
above its lower limit, which is 90°. The spacing of the
donor and acceptor atoms, D, is between 2.58 A and
351 A. It is, therefore, suitable for the formation of H
bonds. The distances d between hydrogen-acceptor in
the X*---H,O---Ac Glu complexes shown in table 4 range
1.07 Ato 2.41 A, Compared to those established in the
XH*---H,O---Ac Glu complexes in Table 2, they are
longer. It can, therefore, was said that the H bonds in

than those in the XH"---H20---Ac Glu complexes. In
contrary to 2-body super-molecules, in 3-body
complexes, multicentric interactions are rarely observed.
Only one case was observed, the N¥---H,0O---Ac
Glu complex.

IV. CONCLUSION

This study revealed that the complexes between
the methylated Makaluvamines and the two fragments
H,O and Ac Glu are very clearly more stable, by at least
24800 kj.mol" than those formed between these two
fragments and the protonated Makaluvamines. Two
Makaluvamines N and O are distinguished for the
stronger stability of their complexes. Their energies are
at least three times lower than those of each of the
super-molecules with Makaluvamines I, A, C, and H. The
study of cooperativity confirms as expected that all
2-body interactions in the twelve complexes contribute
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to stabilizihng them. However, it has shown that
the interaction between the three Dbodies is
destabilizing during complex formation with protonated
and stabilizing Makaluvamines when methylated
Makaluvamines were used. In complexes with
methylated Makaluvamines, there is better cooperativity
of the three fragments. The total interaction energy in
these complexes is at least 345800 kcal.mol™ lower than
in complexes with protonated Makaluvamines. No
super-molecule is formed without distortion of at least
one fragment, as shown by Ej(tot) #0. In these
complexes, the H-bonds between the methylated
Makaluvamines, water, and glutamic acid are more
long than those in the structures of protonated
Makaluvamines, water, and glutamic acid.
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Alcohol Disinfection Liquid Vaporization and
Inhalation Applied in Vivo Antiseptic and
Sterilization Treatment Method

Huang Zhengiang

Absiract- The use of ethanol has low toxicity, is almost
harmless to the human body, and has the characteristics of
quickly absorbing the water in viruses and bacteria, causing
the protein to dehydrate and freeze, leading to the rapid death
of viruses and bacteria; it is directly vaporized with anhydrous
ethanol, mixed with air, and modulated An appropriate
concentration of therapeutic gas mixture is used to allow
patients to inhale the respiratory tract or fasting digestive tract
for direct disinfection and sterilization; it is used to treat all
respiratory or digestive tract infectious diseases caused by
viral and bacterial infections containing protein structures.
Keywords: alcohol vaporization, respiratory and digestive
tract, direct sterilization.

. INTRODUCTION

= or patients with various respiratory and digestive
=== tract infections caused by bacterial viruses, it has

a new method of non-toxic side effects and broad-
spectrum in vivo disinfection and sterilization.

Existing domestic and foreign health and
epidemic prevention systems are available. For a variety
of patients with respiratory and digestive tract infections
caused by bacterial viruses, there is no complete set of
simple, general and rapid treatment methods. A variety
of broad-spectrum antibiotics and anti-inflammatory and
antipyretic drugs or targeted antibiotics or specific drugs
are mainly used to treat various infectious diseases
infected by bacteria. A variety of targeted vaccines or
specific drugs are used to treat various infectious
diseases infected by the virus. For various infectious
diseases infected by bacteria, due to the long-term use
of various antibiotics in the medical community, the
resistance of many bacteria has gradually increased,
and the efficacy has decreased. For infectious diseases
infected by the virus, the development and production of
various targeted vaccines and specific drugs, including
animal experiments and clinical tests, require a lot of
time and human and material resources. As a result, the
ability of all humans to prevent and control newly-
infected viral infectious diseases is seriously lagging
behind, and the near-expensive vaccines or potent
drugs also make patients sick. Therefore, for a sudden
new large-scale acute infectious disease with a high

Author: Fujian  Chemical Geological Exploration Institute, China
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e-mail: kexuetansuoze@126.com

mortality, such as SARS virus in the past ten years is a
coronavirus, it should be transmitted to humans through
an animal host, which is highly toxic. MERS, which
occurred in the Middle East, is the second most
coronavirus, and this time Wuhan's new coronavirus is
the third. Both cause regional or global panic.

Aiming at the existing human treatment
methods for patients with various respiratory and
digestive tract bacterial and viral infections. All have the
disadvantages of poor curative effect, long time and
high cost. The alcohol disinfection solution of the
present invention is directly vaporized and mixed with air
(and oxygen) to prepare a therapeutic mixture gas
containing an appropriate ethanol concentration. The
treatment method applied to the internal suction
respiratory tract and digestive tract for direct contact
anti-virus sterilization may have the advantages of good
curative effect, short time, low cost, and easy
popularization. This will be described in further
detail below.

[I.  PRINCIPLES OF VAPORIZATION AND
INTERNAL ABSORPTION OF ALCOHOL
DISINFECTANT APPLIED TO IN VIVO

ANTISEPTIC AND STERILIZATION
TREATMENT

First, the pneumonia epidemic caused by the
new coronavirus infection in Wuhan has exploded and
formed a sudden global public health event. What is
worth looking forward to: The National Health and
Medical Commission's "New Coronavirus Infected
Pneumonia Diagnosis and Treatment Program" clearly
states that "new coronavirus is sensitive to ultraviolet
and heat, 56 ° C for 30 minutes, ether, 75% ethanol,
chlorine-containing disinfectant, per oxygen Lipid
solvents such as acetic acid and chloroform can
effectively inactivate the virus, and chlorhexidine cannot
effectively inactivate the virus.”
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Table 1: Experimental results of the action time required for different concentrations of alcohol to kill bacteria

ERERE KR SHREWERE FMRTE FA I B BREN
Alcoholl Escherichia coli Staphylococcus Pseudomonas hemolytic
concentration aureus aeruginosa streptococcus

100% 24 /I8 hour 7 X Day 2 /B hour 15 23 % minute
90% 15 /Mt hour 30 7% minute 5 4% minute 5 4% minute
80% 1 /]Ne hour 2 28 minute 2 5% minute 10 ¥ second
70% 30 ¥ second 5 4% minute 1 2% minute 10 # second
60% 20 ¥ second 30 744 minute 30 ¥ second 10 # second
50% 20 ¥ second 30 7% minute 30 ¥ second 20 ¥ second
40% 22 28 minute 4 /B hour 2 28 minute 2 5% minute
30% 2 28 minute 4 /B hour 30 7344 minute 30 7344 minute
20% 24 /B hour 24 /et hour
Further analysis of the sterilization and [11. DETAILED DESCRIPTION

disinfection mechanism of 75% ethanol disinfectant, we
searched the following results from the Internet:

Alcohol can kill the virus because it can dissolve
the "lipid envelope" of the virus, so it must be a virus with
an envelope (including a protein shell) like "coronavirus'
in order for alcohol to be effective to play a role. 75%
alcohol can absorb the water in the protein of bacteria
and virus shell, make it dehydrate, denature and solidify,
SO as to achieve the purpose of killing bacteria and
viruses. If a higher concentration of alcohol is used, the
bacterial virus protein is dehydrated too quickly, so that
the surface protein of the bacterial virus is denatured
and coagulated first, forming a solid envelope, but the
alcohol cannot penetrate into the inside of the bacterial
virus well, which will affect its killing bacteria The ability
of the virus. 75% alcohol is close to the osmotic
pressure of the bacterial virus. It can gradually infiltrate
into the bacterial vision before the surface protein of the
bacterial virus is not denatured, so that all proteins of
the bacterial virus are dehydrated, denatured and
coagulated, and eventually kill the bacteria and virus.
Below 75%, the ability to kill bacteria and viruses is also
affected due to reduced permeability. Many scholars
have done comparative experiments in this regard, and
the results are shown in Table 1.

From the experimental results in Table 1, it can
be seen that for different bacteria, the alcohol
concentration is different, and the time required to Kkill
the bacteria is also different. However, the general trend
is that the alcohol concentration of 50% to 80% can Kkill
all kinds of bacteria as quickly as possible. Therefore,
the theoretical basis for the effective treatment of the
new coronary pneumonia epidemic designed by the
present invention can be summarized as follows: The
National Health and Medical Commission's "Pneumonitis
Diagnosis and Treatment Program for New Coronavirus
Infection" has confirmed that 75% alcohol disinfectant
can kill the new coronary virus.

© 2020 Global Journals

According to Table 1 of the above experimental
results, we can preliminarily imagine that if the 75%
alcohol disinfectant is directly vaporized and then mixed
with air (and oxygen) to prepare a therapeutic mixture
with an appropriate ethanol concentration, it will be
applied to the inhaled internal respiratory and digestive
Internally, as the therapeutic gas mixture spreads, it is a
new treatment method that directly contacts the inner
wall of the organ for disinfection and sterilization. As
long as viruses such as 'coronavirus" have a 'lipid
envelope" and all proteins containing protein most
bacteria, viruses ... can be effectively disinfected within
seconds to minutes.

There are about 50 trillion cells in our body, and
the total amount of microorganisms parasitizing in our
body should be incompletely estimated to be more than
10 times the number of human cells, at least 500 trillion.
The total number of genes of these microorganisms is
about 200 times that of human genes, and the number
of genes in the human genome is about 20,000. Please
note: Microbial cells are usually small, only one-tenth to
one-hundredth of the cell size of human organs and
tissues. However, due to their large number, their total
weight is only about one-third of the adult's weight.

Distribution of microorganisms (bacteria) in
the human body. The gastrointestinal tract bacteria
associated with this article vary by site. Due to the
bactericidal effect of gastric acid, the stomach and
jejunum of healthy people are generally free of bacteria.
If infected by a bacterial virus, related viral bacteria and
inflasmmation will occur. If gastric dysfunction, such as
reduced gastric acid secretion, especially in gastric
cancer, sarcoma, lactobacilli, bacillus ... Adults have few
or even aseptic bacteria in the upper jejunum and ileum,
and bacteria in the lower intestine gradually increase.
The large intestine accumulates food residues, and has
a suitable acidity, suitable for bacterial reproduction,



and the amount of bacteria accounts for about 1/3 of
feces. There are many types of microorganisms in
the large intestine, mainly including E. coli, Bactericides
fragile, Bifidobacterium, anaerobic cocci, etc. Others
include Lactobacillus, Staphylococcus, Pseudomonas
aeruginosa, Proteus, fungi, etc.

Bacteria in the respiratory tract, staphylococcus,
diphtheria... On the throat and tonsil mucosa,
Streptococcus aureus and catarrhal is predominate. In
addition, there are often potentially pathogenic
microorganisms such as pneumococcus, influenza,
streptococcus... The bronchi and alveoli of normal
people are sterile. Of course, if the respiratory tract is
infected with related bacteria or viruses, the related
bacteria or viruses and various corresponding
inflammations or lesions will naturally occur.

The main ingredient of human daily drinking
beverages is water alcohol with different concentrations.
According to statistics, the average lethal dose of
ethanol for adults is 250 to 500 grams. Even drunks who
are drunk because of greed and anger, most of them
will vomit out excessive alcohol and food in time to save
their lives through the natural emergency response of
the body. After ethanol enters the body, 70% is
absorbed through the stomach, 25% is absorbed
through the duodenum, and a small amount is
absorbed in the remaining small intestine. When there is
no content in the stomach, the alcohol in the blood
reaches its peak within 30 to 90 minutes. Acute toxicity
toxicology experiments show: LD50 7060mg / kg (rat
oral); 7340 mg / kg (rabbit percutaneous); LC50 37620
mg / m3, 10 hours (rat inhalation); human inhalation 4.3
mg / L L) (the same below) x 50 minutes, head and
face fever, cold limbs, headache; human inhalation 2.6
mg /L x 39 minutes, headache, no after effects.

Further, we can imagine that if a human inhales
2.6 mg /L x 39 minutes, headache and no after-effect
are the upper limit of the medicinal dose safety. Then,
when the inhalation time is shortened by about 40 times,
the ethanol concentration can be increased by about 40
times! Reached 0.1g /L * 1 minute! Alternatively, reduce
the concentration and dose by half and take 0.05g / L *
2 minutes as the reference dose for inhalation and
disinfection in general adults. As for the specific time for
inhalation, it can be based on the type of infectious
disease and the actual needs of the patient. It usually
takes 20 seconds to 2 minutes. If the effect is
insufficient, you can continue after proper rest.

Because the air comes with some moisture,
expressed as humidity. At normal temperature, it is
about 0.01g / L. The inner wall of the human's
respiratory tract and digestive tract naturally also has a
layer of moisture-protective film. Therefore, it is
recommended to directly use the micro-boiling method
of anhydrous alcohol to modulate the therapeutic
mixture. When the therapeutic mixture is inhaled into the
human's respiratory tract or digestive tract, the vaporous

ethanol molecules rapidly diffuse and dissolve into the
aqueous protective film on the inner surface of the
organ. With continuous breathing, the ethanol
concentration in the aqueous film gradually increases...
When the ethanol concentration reaches 50% to 80%,
the virus bacteria and the infected cells that adhere to
the inner wall of the organ will naturally perform a rapid
and efficient anti-virus sterilization. As the water and
bacteria in the inner wall of the organ and proteins in
infected human cells continue to be absorbed, the
ethanol concentration gradually decreases. At this time,
the ethanol concentration in the aqueous membrane is
replenished by continuous breathing, thereby
maintaining the concentration balance and the function
of disinfection and disinfection.

The density of ethanol liquid is 0.789g / cm3, the
density of ethanol gas is 1.59g / L, and the boiling point
is 78.2 ° C. Body temperature of healthy people is 36 ~
37 °C, fever is 37 ~ 41 °C. Under standard conditions
(25 ° C, one atmosphere), the density of air is 1.29kg /
m3 = 1.29g / L. It is about 25 times as much as a
therapeutic gas mixture that can be safely used with an
ethanol concentration of <0.05g / L! Therefore, the
temperature of the prepared mixed gas is close to that
of air.

Please note: The microbial cells in the human
body are bacteria, and they are generally 0.2 to 100
microns in size, which is only one-tenth to one-
hundredth the size of the cells of human organs and
tissues. Most viruses are generally 2 nanometers to 100
nanometers in size, and they are only about one to one
thousandth of the size of bacteria. Compared with the
experimental results in Table 1, the general bacteria can
be killed within seconds to minutes in a concentration of
50% to 80% alcohol disinfectant. Then, a virus that is
only about one-thousandth to one-thousandth of the
size of a bacterium can be killed in seconds.

From the comparison of the size of human cells,
bacteria and viruses, it can be known that the
therapeutic gas mixed with the ethanol gas with a
concentration of 0.05g/L and air (or a certain percentage
of oxygen) is cytotoxic to human organs and tissues.
And killing effects are small. Even if some cells on the
inner surface of each organ are killed by bacterial virus
infection, they can still be repaired quickly by the
automatic response system of each organ and cell's
own emergency response system.

According to the distribution characteristics of
bacterial viruses in the respiratory tract and digestive
tract of healthy people and patients infected with
bacterial viruses. You can directly let the patient
selectively inhale the therapeutic mixture into the
respiratory tract or fasting digestive tract, and breathe at
a smaller (or half) frequency than normal breathing.
Each treatment lasts from 20 seconds to 2 minutes. The
surface layer and the superficial layer of the inner wall
tissue of the organ infected by the bacterial virus are
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disinfected by direct contact with the gas diffusion in the
body of the treatment mixed gas. Such a therapeutic
mixture will not only have negligible toxic and side
effects on the human body, but may also have an
immediate antibacterial and sterilizing effect on the
surface and superficial layers of tissues and cells in the
inner wall of the respiratory or digestive system of the
patient. That is to say, the relatively cheap alcohol
disinfectant commonly used in the medical field is
prepared by treating the mixed gas with the method of
gas diffusion inside the body and directly contacting the
method of disinfection and sterilization. It may become a
new method to treat almost all respiratory and digestive
tracts of all human beings caused by bacterial and viral
infections, and all of them have good efficacy, short
time, low cost, and very easy to popularize. .

The current situation of epidemic prevention
and control is grim, and saving people is like fighting
fire. It is recommended that the medical community
choose a suitable model from the existing ventilator, and
then ration the vaporized anhydrous alcohol gas into the
air intake. Experts are invited to conduct clinical trials as
soon as possible to evaluate the efficacy.

V. In Summary

We can conclude that the use of ethanol has
low toxicity, is almost harmless to the human body, and
has the characteristics of rapidly absorbing water in the
proteins of viruses and bacteria, dehydrating and
solidifying proteins, resulting in rapid death of viruses
and bacteria. The treatment method is to directly
vaporize anhydrous ethanol and mix it with air to prepare
a therapeutic gas mixture with an appropriate
concentration to allow patients to inhale the respiratory
tract or fasting digestive tract to directly perform anti-
virus and sterilization. The methods used to treat all
respiratory or digestive tract infections caused by viral
and bacterial infections containing protein structures are
worthy of clinical examination.

If clinical trials prove effective, they can be
expanded further. The use of ethanol has low toxicity, is
almost harmless to the human body, and has the
characteristics of quickly absorbing the water in the
proteins of viruses and bacteria, dehydrating and
solidifying the proteins, leading to the rapid death of
viruses and bacteria. For other viral and bacterial
infectious diseases of the non-respiratory and digestive
tracts, an appropriate concentration of ethanol solution
can be used to directly perform a needle-injection anti-
virus sterilization treatment method for viral and bacterial
infections in various organs inside the body or tumor
masses Worth clinical examination.

Father, like son. Traditional Chinese medicine
can effectively cure new coronary pneumonia, but the
effect is still slow. Western medicine does not currently
have related vaccines and specific drugs. Experts and
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patients are waiting for the pricey vaccines or special
effects that monkeys can only get when they do not
know the monkeys and monkeys, watching death step
by step, it's better to try this straightforward, simple and
feasible method that is likely to be efficient and fast and
low-cost cure?

If patients are eager to seek medical treatment,
they can conduct simple clinical trials by themselves.
The design scheme is as follows: 1. Use a glass bottle
or glass test tube with a capacity of about 100 ~ 200 ml,
punch two holes in the lid, one hole is connected with a
two-way knob switch, and one hole is connected with a
plastic tube; 2. Pour the white wine into the height 5 ~
10 ml, put it in the hot water cup, the hot water
temperature must be higher than the boiling point of
alcohol (78.2 °C); 3. Hold the plastic tube with the
mouth, adjust the knob switch, adjust the mixing ratio of
alcohol vapor and air, and change the alcohol vapor
Modified with a proper amount of air to cure the mixed
gas, just breathe in the respiratory tract or digestive
tract; 4. The proportion of mixed gas and the inhalation
time are completely controlled by your own feelings, and
gradually recommended to the patients after the test.
Once the test is successful, you will immediately
became an expert with real talents.
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The Results of Ecological Variety Trial of
Varieties and Hybrids of Spring Rapeseed in the
Conditions of Western Siberia

PE3YJIbTATBI S5KOJIOTUYECKOI'O NCIIBITAHMA COPTOB 11 'MBPUJIOB
PAIICA SPOBOI'O B YCJIOBUAX 3AITAJHOU CUBHMPU

Kuznetsova G. N. * & Polyakova R. S. °

Abcmpaxmnoiii- Ha 3kcnepuMeHTAIbHBIX mossix Cubupckoi
onbITHOH cranuuu-pmwimasa BHUUMK B 2017-2019 rr.
NMPOBOAMJIOCH JKOJIOTHYe- CKoe copToucnbiTaHue. O0beKkTOM
HCCJIEIOBAHMIT  TMOCJHYKMJIM  COpTa W ruOpuabl  pamca
sposorocesiekuuy BHUMMK, BHUUP u apyrux Hay4HbIX
YUpeKIeHMil,  KOTOpble  NPEACTABJIEHb  CEMHAILATHIO
obpasuamu u3 Hux 15 coproB: FOGuaeiinplii-crangapt, Kynoua,
I'panut, 55pernon (COC-¢puanaa ®I'bHY ®HI BHUUMK),
Taspuon, Bukuur, Pysn, Amyier (PI'BHY ®HL| BHUUMK),
®opsapa, ®uaarman, Aurapec, Cupnyc (PI'BHY BHHUMUP),
Xaitmaiit, Kamnuno, Xantep (Fepmanus) u gBa ruGpuaa:
O30puo, Canbca (lepmanust). Llenb Mcc/IeI0BAHMIEL U3YYUTH
OHOJIOrMYecKMil MOTEHUMAT COPTOB M THOPUIOB MAaCIMYHbIX
KyJbTYpB YycjaoBuaX 3anaaHoii CuOupu; Ha OCHOBaHMM
NOJIEBbIX ONBITOB M JIADOPATOPHBIX AaHAJIM30B BBISIBUTH
BBICOKONIPOAYKTHBHbIE COPTa M THOPHILI panca SPOBOro
MPUroHbIe /Ui Bo3AejbiBaHusl B Cudupckom pernone.Copra
(Xaiinaiir, Kamnuno) u rubpuast  (O3opno, Canbca)
3apy0e:KHO¥ CeJIEKIIMH B CPeJHEM 32 TPH Io0/la BBIJEJEHBI C
BBICOKOIi ypoxailHOCTBIO cemsiH (2,45-2,57 1/ra). B ycioBusix
3anagHoii Cubupu HanGoNbIINI MHTepec MO Ypo:kaiiHOCTH U
MAaCJAMYHOCTH  CeMSIH MNPEICTABJIAIOT COPTA  CeJIeKIMHU
Cudupckoii onbiTHON cranmuu-pumana BHUUMK: I'panur
(2,33 1/ra, 51,2%), Kynoa (2,43 1/ra, 51,7%) u 55peruon (2,36
1/ra, 52,1%), KOTOpbIe BHOJHE KOHKYPUPYIOT C COPTAMH M
rudpuaamu 3apyoexHoii cejqekuuu. Copra Anrapec,Xaiinair,
XaHTep OT/IMYAIOTCH KOPOTKHM mepuonom Bereramun (80-81
CYTOK), 4YTO Ba)KHO NPH CO3TAHMH HOBOIO HCXOJHOrO
MaTepuaia B yciaoBusix 3anagnoii Cuoupu. Copepaxanue
IVIIOKO3MHOJATOB B CeMEHaX Yy BCEX M3Yy4aeMbIX COPTOB M
rUOPHIOB COOTBETCTBYET MEKIOCYIapPCTBEHHBIM CTAHAAPTAM.
Copt AMYJIET OT/IMYAETCS YJYYLIEHHBIM KHPHO-KHCJIOTHBIM
COCTaBOM Macja (comep:KaHHe OJEHHOBOH KHCJIOTBHI 75,2-
77,5%).

Knouesuvle copm,  eubpuo, panc  spoeol,
IKONI02UYECKOe UCTIBIMAHUE, YPOICAUHOCTb, MACIUYHOCNY,
cbop macna, eMoKO3UHOIAMbL, HCUPHO-KUCTOMHBIN COCAB.

Absiract- In 2017-2019, the ecological trial was conducted on
the experimental fields of the Siberian experimental station,
branch of VNIIMK. The study object was varieties and hybrids
of spring rapeseed of breeding of VNIIMK, VNIIR and other
breeding institutions which are presented by 17 samples
of 15 varieties: Yubileyny — standard, Kupol, Granit, 55 region

cuoea.

Author a o: The Siberian experimental station — branch of Federal State
Budgetary Scientific Institution, “Federal Scientific Center “All-Russian
Research Institute of Oil Crop by V.S. Pustovoit’, The Omsk region,
Isilku. e-mail: kuznetsovagalina1964@mail.ru

(the Siberian experimental station, branch of FSBSI FSC
VNIIMK), Tavrion, Viking, Ruyan, Amulet (FSBSI FSC VNIIMK),
Forward, Flagman, Antares, Sirius (FSBSI VNIIR), Highlight,
Kampino, Hunter (Germany) and 2 hybrids: Ozorno, Salsa
(Germany). The goal of research is to study the biological
potential of spring rapeseed varieties and hybrids in the
conditions of Western Siberia; on the basis of field
experiments and laboratory analyzes, to identify the highly
productive varieties and hybrids suitable for cultivation in the
Siberian region. Varieties (Highlight, Kampino) and hybrids
(Ozorno, Salsa) of foreign breeding were selected wit high
seed yield (2.45-2.57 t/ha) on the average for three years. In
the conditions of Western Siberia, the breeding varieties of the
Siberian experimental station are the most interesting in terms
of yield and oil content of seeds: Granit (2.33 t/ha, 51.2 %),
Kupol (2.43 t/ha, 51.7 %), and 55region (2.36 t/ha, 52.1 %),
which compete well with varieties and hybrids of foreign
breeding. Varieties Antares, Highlight, Hunter are
characterized by a short growth season (80-81 days), which is
important for the development of new parent material in the
conditions of Western Siberia. The content of glucosinolates in
the seeds of all studied varieties and hybrids meets the
requirements of interstate standards. Variety Amulet is
characterized by the improved fatty-acid composition of oil
(the content of oleic acid is 75.2-77.5 %).

Keywords: variety, hybrid, spring rapeseed, ecological
trial, yield, oil content, oil yield, glucosinolates, fatty-acid
composition.

I. Beegenue

aric  —  MOTEHIHWANTbHO  BBICOKOMPOIYKTHBHAS
PKyanypa. OnHako ee ypoXKalHOCTh CHJIBHO 3aBHCHT

OT IOYBEHHO-KIIUMAaTHYCCKHX YCIIOBUH W YPOBHSA
KYJBTYpbI 3eMJICACIUS. Y CIICIIHOE BBIPAIIUBAHUE BHICOKUX
YpOXKaeB MacJOCeMsH OIpelessieTcss HUCIONb30BaHHEM
JY4IIUX TUOPUIOB U COPTOB parica, IPHCHOCOOJICHHBIX K
TeM WA WHBIM KOHKPETHBIM  YCJIOBHSM PEruoHa.
[paBwiibHBIA BBIOOp cOpTa — MallO3aTPAaTHBIH M BeChbMa
a¢dexTuBHbIi arponpuém[1].

OIHHAM U3 OCHOBHBIX (DAKTOPOB Pa3BHTHS OTPACIH
pAaICoBONCTBA SIBIISFOTCS COBPEMEHHBIE cOpTa M THOPUJIBI
parca, KOTOpble JOJDKHBI OOECIeYMBaTh BBICOKYIO H
CTaOWIBHYIO YPOXKAWHOCTD B 30HE paifonupoBanusi. [2].

Pamc — BTOpast MaciudHas KyJIbTypa B MHPE,
3aHumMaroras 36,4 MiH ra ¢ BaJoBsiM coopom 71,9 MIH T B
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2017 r., ycrynatonias ymmb coe (126,1 mun ra u 3479 1
COOTBETCTBEHHO) W OIepekaromas MOACOIHeYHHK (25,8
MJIH ra 4 46,3 MIIH T). PocT noceBHBIX miomanen KyiabTypbl
COIIPOBOXKIAACTCA YBCIMYCHUEM COPTHUMCHTA, IMPEACTABIIAC-
MOI0 Ha PBIHKH CCJICKIIMOHHBIMU YYPCIKACHUSAMH, JIUIIb
IIpyu YCJIIOBHUHM p€ain3aliii MEXaHW3Ma BO3BpaTa CpPCICTB,
BKJIAABIBAEMBIX B CEJICKOHUIO, TO €CThb pPACIIUPEHHOIO
BocnpousBoacTBa [3].

CoBpeMeHHOe paricoBOE MAclio, KaK M Macia psizia
JIPYTHAX KaImyCTHBIX KYJIBTYP, YHUKAJIBHO M Pa3HOOOPa3HO
Kak MO COCTaBYy XXMPHbIX KUCIOT, Tak M No obnactam
ero  npumMeHenusi.  Lnpokomy  ncCnonb3oBaHWIO
pancoBOro Macna Ha nuLieBble LEenu MNOooXUmo
Ha4ano cosgaHue B 60-70-X rogax MpoLWoro Beka B
KanHage 6e3spykoBbix coptoB. C3aTtoro MOMeHTa
KynbTypa nofy4unia BTOPOE Ha3BaHWe —canola,
noapasymMmeBaroLlee cogepkaHme 3pykoBOW KUCIOThI B
Macrie MeHee 2% B COYETAHUNC HU3KUM COAEPXKAHNEM
B CEeMeHax HexenaTemnbHbiX [MoKo3uHonatos.C
Ha4ana 90-x rogoB MNPOLUSIOr0 BEKa M NO HacTosiee
BpEMS YCUMWUS  CENEeKUMOHEPOB HampaefeHbl Ha
yBENUYEHNE [ONMN ONEMHOBON KUCIOTbI B PariCoOBOM
Macne (He MeHee 75%), YTO NO3BOMUT 3HAYUTENBLHO
MOBbLICUTb €ro MNoTPebUTENbCKME  XapaKTEPUCTUKM.
OkcuctabnnbHOCTEBBICOKOONEMHOBOIO Macna B 3
pasa Bbille, YeM Yy mMacna C TPaguUUOHHBIM >KUPHO-
KMCNOTHbIM cocTaBoMm [4]. Bo BHUMMK pa6oTtbl no
CO30aHuI0 BbICOKOOJTEMHOBOIO CerneKkUnoHHOro
MaTepwuana parca apoBoro HadaTbl B 2006 r [5].

CenekunoHHas nporpamma Cwnbupckon
OnbITHOM cTaHummu-cpunuana BHANMK
OCYLLECTBNSAETCA MO CNeaylowmM  HarnpaBrieHUsaM:
CEMEHHas MpPOAYKTUBHOCTb  (ypoXanHocTb, cbop
macna, CKOPOCMEnocCTb, cogepxaHue Xupa
(Macnu4yHoOCTb), Ka4eCTBO (KUPHO-KUCIOTHbIA COCTaB,
rnioko3uHonathl). Mpu  peanu3aumm CenekUMOHHbIX
nporpaMm MO  BbIBEAEHUO  BbICOKOYPOXKaWHbIX,
YCTOMUMBBIX K abuotmyeckum ©n  BUMOTUYECKUM
dakTopaMm cpefbl, C BbICOKMM KayeCTBOM Macna u
XMbIXa COpTOB U rMbpuaoe parnca, 6onbLloe 3HavyeHne
yOensieTcs U3yyYeHuto reHooHaa, ero MoCTOSIHHOMY
MOMOSHEHMIO HOBbIMKW obpasuamu. B pamkax Hay4HOro

COTpyAHU4ecTBa mMexay CeneKkUMOHHbIMMN
YUPEXKOAEHUAMN  MPOUCXOAUT  MOCTOSIHHBbIN - OOMEH
CENEeKUMOHHbIM  MaTepyManoMm U1 ero  Lmpokas

arpoakonornyeckas oueHka [6].

BbonblmnHcTBO panoHoB 3anagHon Cubupum
GnaronpuATHbl ONA BO34enbiBaHWS parnca SpoBoro.
Mo arpoknMMaTuyeckum  YCnoBuSIM  TeppuTopus
3anagHon Cunbupn JenuTcs Ha CTEMHY!0,
NEeCOCTENHYI0 YEPHO3EMHY!O, NEeCOCTENHY0
COMNMOHUEBATYI0, MOATAEXHYID U TaEXHY 30HbI.
YepHosemHas necocrenHas 30Ha 3aHMMaeT
obwupHble npocTpaHcTBa B Omckor, HoBocubupckon,
KemepoBckoi, TromeHckon obnactsax u B AnTanckom
Kpae. Ons HOPManbHOW  KWU3HeOesATEeNbHOCTU
pacTeHun parnca Heobxoauma Brara M TOMbKO Mpu

© 2020 Global Journals

Hanu4MM BnarM B ONTUMAarbHOM KOMMyecTse wayT
HOpMarnbHble npoLiecchl pocTa, pasBuTUA
penpoayuupoBaHus  pacteHund.  [Oedmumt  Bnarm
3amMeanseT U yrHeTaeTt opraHoreHes pacteHun [7]. Ana
Cnbvpn c €€ cneunduieckummn ocoBEHHOCTAMMU

KMMMaTa  HyXHbl copTa panca paBHOMEPHO
co3peBatolime, TEXHOMOrn4YHbIe B yGopke,
3aCyXOyCTOMYMBbIE,  YCTOMYMBbIE K  OCHOBHbIM

natoreHam. [py STOM OYEeHb BaXHO WCNONbL30BaTb
copTa XOpOLlO MpOBepeHHble, paspelleHHble K
BblpallMBaHUO B  [aHHOMW  30He. 3aBO3MMble
WHOCTpPaHHble copTa  [OMKHbl  MpPefBapUTENbHO
NPOMTM  roCyQapCTBEHHOE U MPOU3BOACTBEHHOE
ucnbiTaHus [8].

Llens pabombi: un3yunuTb  Bronornyecknin
noTeHuman HOBbLIX COPTOB W TMOPMAOB MaCIUYHbIX
kynetyp cenekumn BHUWMMK wn pgpyrux HayyHo-
NCCrefoBaTenbCkMX  YYPEXAEHUA B YCINOBUSX
3anagHon Cnbupwn; Ha OCHOBaHUM NOMEBLIX OMbITOB U
nabopaTopHbIX  aHanu3oB  BbISIBUTb  BbICOKOMPO-
OYKTMBHbIE copTa W mmbpuagbl panca sIpoOBOro
npurogHele ans Bo3aensiBaHns BCMOUPCKOM pervoHe.

[I. O6vektsl 1 Metoabl ccnenosanui

O6bekTom uccnenosaHune 2017-2019 rr. Ha
aKcnepuMeHTanbHbIXx  nonsx Cubupcko  OnbITHON
ctaHuum BHUWMK 6binu copta M rmmbpuabl panca
saposorocenekuum BHUMMK, BHUWP un gpyrux
CENEeKLMOHHbIX yupexaeHun, KOTOpble
npefcTaBneHbilecTHaguaTblo obpasuamm ns Hux 15

coptoB: HOGunenHbin-ctangapt, Kynon, [panur,
55pernoH  (COC-punuan®rbHY ©®HL, BHUWMK),
TaBpuoH, BukuHr, PysaH, Awmynet (®rBHY &HL
BHUMMK), ®opeapa, Pnarmad, AHTapec, Cupuyc
(®rbHY BHWWP), Xaunaut, KamnuHo, XaHTep
(Fepmanust) w2 mbpuga: OsopHo, Canbca
(FepmaHus).

OnbIT 3aknagpiBanca Mo TNy MUTOMHMKA
KOHKYPCHOrO  COPTOMUCMBITAHWSA,  Mnowagby4yeTHON
pensiHkm coctasnana 23 KB.M., B 3-X KpaTHOM
NMOBTOPHOCTY, pasmelleHne OensiHoK -

peHgomMmampoBaHHoe. Ob6wasa nnowagb onbita 1104
kB.M. Cnocob nocesa cnnowHon (cesnkon — CC-11),
mexaypsgee 15 cm. Hopma BbiceBa- 1,75 MIH.
BCXOXUX CeMsAH Ha rektap. B kadectBe craHpapTa
ucnonb3oBanu copT KOGunenHbin.lloyBa OMbITHOrO
yyacTka — YepHO3EM OObIKHOBEHHbLIN CPeqHEMOLLHbLIN,

CpeaHerymMycHblIn, XapakrepusyeTcs cpeaHen
obecneyeHHOCTb0 (hochopoM U BLICOKOW — Kanuewm.
MpeawecTBeHHNK — 4YépHbIM  nap. TexHonorusi
BO3J€enblBaHNSA obLenpuHaTas, cornacHo
pekomeHgaumam  CuBUpPCKOM  OMbITHOM  CTaHLMK
BHAMMK [9]. B TeueHue BeretaumMm npoBOAMNUCH

deHonornyeckme HabnwaeHWsi, B XO4Ee KOTOPbIX,
oTMeYanucb AaTbl: BCXOApbl; LBETEHWE; Co3peBaHue
(>kenTo-3eMnEHbIN CTPYYOK).



MMorogHble ycrnoBuMs B MNepuod  MCMbITaHWs
ObInM KOHTPACTHbIMK (TAbn. 1).

Tabriuya 1: XapakTepucTuka norogHbIX YCNoBui BereTalMoHHOro nepuoaa

Foab _ Temnepatypa Bo3gyxa, °C _ KonuuyecTBo 0cagkoB, MM
Mai UIOHb uonb aBryct | mam UIOHb uonb aBrycr cymMmma
2017 12,9 19,1 20,9 19,6 12 76 102 29 219
2018 13,1 19,3 18,1 17,9 57 24 89 14 184
2019 7,3 17,9 22,6 16,6 73 48 71 101 293
CP. MH. 11,7 17,5 19,5 17,1 29 53 56 49 187
B uenoM no TemnepaTypHOMYy pexumy TemnepaTypbl BO34yxa B WKOHE, Uiorne 1 aBrycte Obina

BeretaumoHHbin nepuog 2017 r. xapakrepusoBarcs
NOBbILLIEHHbIMU  CPEeOHECYTOYHbIMU  TemnepaTtypamu
Bo3gyxa. OTKNOHEHUss OT  CPEAHEMHOrONETHUX
3HadeHuln coctaBnanu ot +1,2 oo +2,5°C. lNpu atom
Habnoganca 4eduunT yBNaXHEHUS B Mae N aBrycte —
41 n 59% OT MHoronetHen Hopmbl. B uioHe 1 none
MecsiyHas cyMmma ocafkoB cocTtasBuna 76-102 mm —
102-182% OT HOpPMBI.

Hayano BeretaumoHHoro nepuoga 2018 r.
Obino 6naronpusTHBIM ANst Pa3BUTUS pacTEHMI parica.
OTmeuanocb u3bbITOUHOE yBnakHeHWe B mae (196%
OT HopMmbl) K wmone (159% oT  HOpPMBbI).
CpepHemecsa4yHble TemnepaTypbl BO3ayxa Mpu 3TOM
Obinn B cpegHem Bbiwe Hopmbl (+0,8...+1,8°C). lMo
KONMU4YeCcTBY CBOEBPEMEHHO BbINaBLUMX OCaAKOB U
cpefHecyTouHOM TemnepaTtypbl Bosfyxa 2018 rof
okasanca 6onee OnaronpusTHbBIM AnNs pocTa U
pasBuTUA panca.

MeTteoponoruyeckne ycnosus BereTauuoH-
Horo nepuoga 2019 r. xapakTepusoBanucb peskummu
OTKNOHEHMSIMN OCHOBHbIX NoKasaTenen no gekagam ot
MHOFONETHUX 3HAYEHUN, XOTS cpefHue 3HayYeHus
TemnepaTypbl BO3gyxa No Mecsuam (Kpome Mas u
WIOHS)) HaxoOuITMCb Ha YPOBHE HOPMbl UNKU GIM3KM K
Hen. Main xapakTepmsoBancss HeycTOMYMBON U
XONoaHOW Morogown, MO3TOMY CPOKM MnoceBa parca
Obinn nepeaBuHyThl Ha 8-10 gHen. ObunbHbIE OCaaKM
coctaBunn  250% oT Hopmbl. CpegHemecsyHble

Ha YypoBHE CpefHEeMHOronieTHUX nokasarenen unu
4YyTb Bbllwe. B aBrycte B nepeov [fgekage Obina
fGnaronpuaTHas noroga, 4TO MO3BONUMO MPOBECTM
ybopKy panca B cxxaTble CPOKM.

WccnepoBaHusa npoBoamnuck B nabopaTtopusix
cenekumM, CEMEHOBOACTBA N arpOTEXHUKM KamyCTHbIX
KyneTyp ¥ B nabopaTtopum  arpobuoxmmuum.
MacnuyHocTe cemsaH onpegenanu Ha SAMP -
aHanunsaTope AMB-1006M, XMPHO-KMCNOTHLIA COCTaB
Macria MeTOAOM ra30XWOKOCTHOW XpomaTorpadum
(Kpuctann-2000), coaep)xaHwe T[NIOKO3NHONATOB B

ceMeHax panca SPOBOro Ha doTomeTpe
doToanekTpuyeckom KPK-3-01. MonyveHHbIn ypoxan
nepesegeH Kk 100% udnctote 10% BRaxHOCTW,

npoBegeHa cTatuctTudeckasi obpaboTka gaHHbIx [10].

[11. Pesynbratel 1 O6cyxaeHus

JKornormyeckoe ucrbiTaHne No3BoMnsAeT B OfHOM
MOYBEHHO-KMMMaTUYEeCKON 30HE CpaBHUTbL copTa W

rmbpuabl MO  OCHOBHbIM  XO3SINCTBEHHO  LEHHbIM
npu3Hakam.

AHanuanpys ypoxarHble daHHble MO rogam B
2017r. ypOXaWHOCTb CeMsiH panca B CpefHem

coctaBuna 2,231/ra ¢ MUHUManbHbLIMW NMoKa3aTensiMu
(1,85 1/ra) y copta AHTapec, U MakcumanbHbIMK (2,57
T/ra) y copTa Xaunamt npu cpegHem nokasaTene
namMeH4nBocTuM npusHaka CV — 10,5 % (tabn. 2).

Tabnuua 2: YpoxaHOCTb COPTOB M rMOPUIOB parica SpoBOro 9KONOrMYeckoro CoOpToOMCTbITaHNS

CoprT, rubpmp YpoxXaHOCTb CeMsiH, T/ra CpeaHee OTKNO-HEHneoT CV, %
2017 2018 2019 cTaHpapTa

KO6unenHbIN —CT. 2,23 2,61 1,83 2,22 - 17,5
Kynon 2,41 2,70 2,19 2,43 +0,21 10,5
paHut 2,29 2,74 1,96 2,33 + 0,11 16,8

55 pervoH 2,31 2,72 2,07 2,36 + 0,14 13,9
TaBpuWoH 217 2,49 1,82 2,16 -0,06 15,5
PysH 2,07 2,39 2,03 2,16 —-0,06 9,1
Amynet 2,10 2,21 2,09 2,13 -0,09 3,1
dopBap 2,05 2,41 2,14 2,20 -0,02 8,5
AHTapec 1,85 2,51 2,14 217 —-0,05 15,3
Cupuyc 1,95 2,20 2,04 2,06 -0,16 6,1
Os3opHo (F,) 2,33 2,60 2,33 2,42 + 0,20 6,4
Canbca (F,) 2,56 2,45 1,93 2,31 + 0,09 14,6
Xannaunt 2,44 2,30 2,03 2,26 + 0,04 9,2
XaHTep 2,22 2,45 2,08 2,25 +0,03 8,3
CpegHee 2,23 2,51 2,02 - - -
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CV, % 10,5 6,8

6,6 -

HCP . 0,17 0,12

0,15 -

0,19 -

B 2018 rogy MakcumanbHas YypoXanHOCTb
nony4veHa y coptoB ['paHut u 55pervioH (2,74 n 2,72
T/ra COOTBETCTBEHHO), MPU CpedHeM nokasatene 2,51
T/ra, Habnwoganacb He3HauuTenbHash WM3MEHYMBOCTb
npusHaka CV — 6,8 %. N36biTouHOE nepeyBnaxHeHue
nouysbl B 2019 rogy nMpuMBENO K  CHWKEHUIO
ypoXXanHOCTK panca (cpegHuin nokasartenbs 2,02 1/ra).
HavmeHbllaa ypoXanHOCTb OTMeYyeHa Yy COpToB

TaBpyoH u HK6unerHemn (1,82 mn 1,83 T/ra), a
MakcumaneHas (2,33 T1/ra) y rmbpuga O30pHO,
CV -6,6%.

B cpegHem 3a Tpu roga uMCNbITaHWUN

OOCTOBEPHO MPEBLICUN MO YpPOXaK CEeMSH CopT-
ctaHgapt KO6unennbin copta Kynon, KamnuHo 1
rmbpng O30pHO MMest pa3Hyl CTEMEHb M3MEHUYNBOCTU
no rogam no 3Tomy npusHaky. B 3aBucmmocTu oT roga
UCMbITaHWS, YPOXaWHOCTb CEMsIH B copTax parnca
sipoBoro: HOowunenHbin, Kynon, [paHuT, 55pernoH,
TaBpwoH, BuknHr, AHTapec, n rmépung
CanbcamMeHsanace B cpedHen CTEMNeHn M3MEHYMBOCTU
npusHaka ot —-10,5 % (Kynon) go 18,7 % y Bukunra.
HesHaunTenbHoe BapbMpoBaHME 3TOro npmsHaka 3,1 —
9,2% no rogaMm OTMe4yeHo B copTax PysH, Amyner,

®dopeapg, Cwupuyc, Xamnanmt, XaHTep. B ycnosusix
BanagHon Cubupum no ypoxato cemsH copTa AMyrer,
Cwupunyc, PysH, AHTapec B cpegHem 3a Tpu roga
nuccrneaoBaHum ycTynanm COpTy-CTaHgapTty
KOBunenHblii Ha 0,05-0,16 T/ra

BereTtaunoHHbIN nepuog usydaemblix COpTOB U
rmbpuaoB B cpegHem 3a 3 roga coctasun 80-89 cyTok.
C 6onee KOpOTKMM BereTaunoHHbIM nepuogom (80-82
CyTOK) OTMeYeHbl copta cenekuun BHUKMMK
(TaBpwoH, AmyneT), BHUNP (AHTapec), a 3apyGexxHomn
cenekumn (Xamnawt m Xadtep). Copta cenekumm
®rbHY COC-dunmana BHUUMK: HOGunenHbin,
Kynon, T[Ipauut un 55permoH umewT Oonee
NPOLOIKUTENBHbIN nepuog Beretaumu
(86-89 cyTOK), nNpu 9TOM MOSIHOCTLIO peanuayloT
BbICOKMN MOTEHUMan MNpOAYKTUBHOCTU: YPOXaMHOCTb
cemsH (2,22-2,43 T1/ra), macnu4HocTb cemsH (50,0-52,
1 %) n cbop macna (999- 1131 kr/ra), ycTynas nuiib
No CemMeHHOM NPOAYKTUMBHOCTM copTamMm XaunauTt -
(2,57 1/ra), KamnuHo (2,49 1/ra) n rmépmagam (O30pHO —
2,52 1/ra, Canbca — 2,457/ra) 3apybexHon cenekumm
(tabn. 3).

Tabnuya 3: XapakTepucTuka COPTOB M rMBpuaoB parica SpoBOro 3KOSIOrMYeckoro COpTOMCTbITaHNS

Copr, BereTtauun-oHHbIN Macnn4-HocTb, C6op Macca 1000 :;'::;?34' OneunHo-Basi
mbpug nepvop, CyTku ceMsH, % mMacna, Kr/ra CEMSH,T ) kucnora, %
MKMOIb/T
KO6unenHbIN 88 50,0 999 3,5 11,9 63,99
Kynon 89 51,7 1131 3,6 14,3 65,14
paHuT 86 51,2 1074 3,6 11,4 64,75
55pernoH 89 52,1 1107 3,7 9,8 64,10
TaBpuWOH 81 48,5 943 3,5 11,4 65,14
PyaH 84 50,3 977 41 10,5 66,81
Amynet 82 50,4 966 3,7 9,2 75,20
dopeapg 85 49,4 978 3,9 13,5 64,82
AHTapec 80 49,9 988 40 14,7 66,00
Cupuyc 85 48,7 889 3,9 13,2 66,12
O3sopHo (F,) 83 50,4 1143 41 13,5 63,64
Canbca (Fy) 84 50,3 1109 3,5 8,8 64,52
Xannant 81 491 1136 3,6 12,0 63,28
XaHTep 81 49,3 998 3,7 13,5 63,83
B cpeaHem 3a Tpu roga c 6ornee KOPOTKUM MpoBeas oueHKy MO WCMbITAHUIO COPTOB U
BeretauMoHHbIM nepuogom (81-84 cyToK) OTMeYeHbl MOpuAOB parnca SpPOBOr0  PasfMYHOro  3KOSOro-

copta cenekumn BHUMMK: TaBpuoH, Bukunr, PysH,
Amynetr c ypoxanHocTtblo 2,13-2,20 T/racemsiH u
Macnu4yHocTb cemsiH 48,5-50,4 %. C MacrnmyHOCTbIO
48,7-49,9 % un ypoxanHocTblo cemsaH 2,03-2,20 T/ra
npeacrasneHsl copta cenekumm BHUUP, npu atom
bGonee BbLICOKOE coAepXaHUe T[NIOKO3NHONaToB B
ceMmeHax (14,7-15,0 MKMOnb/r) OTMEYEHO B copTax
®narmaH u AHtapec. o kpynHocTn cemaH 4,0-4,1 r
BbloeneHbl HoBble copTa PysH, AHTapec u rmbpug
OsopHo.
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reorpacmyeckoro MpoMCXOXaeHusl, Obino ycTaHoB-
neHo Oonblioe reHeTndyeckoe pasHoobpasne Mo
XO3SIMCTBEHHO LEHHbIM MpusHakam. B cpegHem 3a
rogbl n3ydeHusicoptasapybexHow cenekummn Xamnamt,
Kamnuuo un rubpuabl O3opHo,Canbca BblgeneHbl C
Gonee BbICOKOWN ypOXKaMHOCTbIO ceMsH (2,45-2,57 T/ra).
HanbonbLunii nHtepec B ycnosusix 3anagHon Cubupn
NO YPOXaWHOCTM WM MaCNMYHOCTU CeMsAH NpeacTas-
nsawT copTa cenekumm CuBMPCKON ONbITHOM CTaHLMK
BHUWMK: 'panuT (2,33 T/ra 1/ra, 51,2%), Kynon (2,43



T/ra, 51,7%) n 55pervoH (2,36 T/ra, 52,1%) n BnonHe
KOHKYPUPYIOT C copTamu M rvbpugammn 3apybexHomn
cenexkumm.

Coprta AHTapec, Xannanr, XaHTep
OTNMYalTCA KOPOTKMM nepuofomMm BereTauun (80-81
CYTOK), YTO Ba)KHO MpW CO34aHMU HOBOFO UCXOLHOMO
mMaTepuwana B  ycnoBuax 3anagHon  Cubupw.
CopepxaHue TroKO3MHONATOB B CEMEHax Yy Bcex
n3yyaemblx copTax W rmbpugax CoOTBETCTBYET
MEXrocyaapCTBEeHHbIM cTaHpapTam (8,8-15,0
MKMOIb/T).

[V.  3akniouenve

Taknm ob6pa3om, NPoBeAEHHOE IKOIOrM4ecKoe
ucnbiTaHne copToB n rmbpuaos panca
SIpOBOronokasano, 4YTto  MNOYBEHHO-KNMMaTudeckne
ycnoeus  3anagHon  Cubupn  nogxopaT  Ans
BO3JenblBaHUs aToMn KynbTypbl " Kaxabli
HOBbI, PaiOHMPOBAHHbLIN COPT UM TMOPUA UMEET CBOU
JOCTOMHCTBA N MOXET ObITb UCMONb30BaH B KayecTBe
LeHHOro MaTepuana.
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Accusteel — Acoustic Computer Control System
for EAF and BOF Steelmaking Process -
Technology of XXI Century

O. Shlik * & A. Shlik °

Absiract-The result of analysis of data from computer systems
which used on BOF and EAF furnaces is proved that the main
technological parameters (the temperature, the chemical
composition of the melt in the end of melting process) are
incorrect.

The Accusteel acoustic computer system is
proposed as an alternative to existing certified computer
complexes and systems. It is proved that the Accusteel
computer system uses the method of determining of mass-
average temperature, chemical composition of the melt in real
time and has confidence which determined the correlation
coefficient 0.97-0.99.

Keywords: acoustics, system, thermocouple, correlation,
computer.

l. INTRODUCTION

coustic systems for the slag control and
Amanagement by the noise of BOF melting
process were widely used in the 1960s [1-2].
Accusteel - acoustic computer system -
provides control of the BOF or EAF process in real time
by the noise of smelting. The algorithm's simplicity [3]
and reliability of acoustic computer system allows us
control of the mass-average temperature, chemical
composition and slag formation in the melt by noise of

the process. Testing and improvement of the system's
algorithm was held since 1992 to 2014 on BOF and EAF
furnaces with a charge of 15 — 350 tons on steelmaking
plants in Israel, Italy, Spain, Japan, China, Ukraine,
Russia, USA, Brazil. More than one hundred thousand
heats were made, the data of which was used in the
comparative evidence-based analysis.

It was recognized that certified computerized
process control and management systems can control
the process only at the end of smelting. The correlation
of these temperatures and chemical composition is
determined by a correlation coefficient of 0.2-0.5.

Consider the experience of using the Accusteel
system at one of the US companies, the company
Nucor. It was DC electric arc furnace with charge 150
tons. The smelting process was controlled by the robotic
complex. Where the temperature was measured out
by a thermocouple and carbon percentage %C was
calculated using temperature data.

The results of statistical analysis of 151 heats
(the main technological parameters of smelting:
temperature TOF and carbon percentage %C) in 150t.
DC electric arc furnace are presented in table 1.

Table 1: Statistics of technological parameters of EAF heats

T1°F Ta1°F T2°F Ta2°F %C1 %Ca’ %C2 %Ca2
Count 148 151 99 113 142 146 99 119
Average 2990 2973 2953 2969 0.036 0.035 0.036 0.035
St. Dev. +41 +27 +59 +30 +0.003 +0.004 +0.003 +0.005
There is a statistical data analysis of 151 heats, moment of the carbon percentage determination

main technological parameters: T1°F and T2°F -
temperatures measured by thermocouple, Ta1°F and
Ta2°F - temperatures determined by the computer
system Accusteel in the moment of thermocouple
measurement. The chemistry: the concentration of
carbon in the melt %C1 and %C2 was determined by the
plant's computer system that allows to determine the
carbon percentage by the temperature mesured by
thermocouple. The carbon percentage %Cal and %Ca2
which determined by the Accusteel system in the

%C1 and %C2 are the same in absolute value to
%C1 and %C2. The average mathematically expected
temperatures are slightly varied within 5-17°F. Standard
deviation of the temperatures of the melt determined by
the thermocouple is twice the standard deviation of the
temperatures determined by the Accusteel system.

The result of the correlation data analysis of
determined temperatures and melt chemistry is
presented in Table 2.

Table 2: Correlation analysis of technological parameters of heats
Function T19F (T2°F) Tal19F (Ta2°F) %C1%(C2) %Cal%(Ca2)
Coefficient 0.72 0.98 0.22 0.99

Author o o: Accusteel Ltd. Israel, 4240718, Netanya Hacarmel 6/a4. e-mail: shlikoleg@gmail.com
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From Table 2 it can be seen that the correlation
coefficient of temperatures measured by thermocouple
and carbon percentage determined by the local method

is low compared with the data of the Accusteel system,
requires graphic confirmation.
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Fig. 1. Correlation function T1°F (T2°F) of temperatures determined by the local method dthe thermocouple
measurement

Fig.1 shows that the temperature data
determined by the local method of the thermocouple
measurement have a data spread with square
deviations R2 = 0.51. The temperature data determined

by the computer control system was showed high
reliability for local random variables, the information
obtained confirmed by a correlation coefficient of 0.72.
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Fig. 2: Correlation function Ta1°F (Ta2°F) of mass average temperature determined by the Accusteel system

Fig. 2 shows that the data with great reliability
describe straight lines, as evidenced by R? = 0.96 of
quadratic deviations of the function describes of the
data distribution. Mass-average temperatures of the
melt determined by the Accusteel system have a
correlation coefficient of 0.98.

One of the main technological parameters is the
percentage of %C carbon in the melt. The control of
carbon concentration in the melt on the furnace was

© 2020 Global Journals

made by a computer system on the basis of measured
local random temperatures by the thermocouple
system.
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Fig. 3: Correlation function %C1(%C2) of the carbon percentage determined on the temperature measured
by the thermocouple system

Fig. 3 shows that the data have a large
spreading as evidenced by the Ilow correlation
coefficient of 0.22. The low reliability of data about the
carbon percentage %C is result of using by computer

system in the calculation algorithm locally randomly
determined physical temperatures by the thermocouple
system.
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Fig. 4: Correlation function %Ca1(%Ca?2) of the carbon percentage determined by the Accusteel computer system
on the basis of temperatures Accusteel

Fig. 4 shows high reliability of determining the
carbon percentage in the melt based on the
temperature data determined by the Accusteel system.
The high reliability of the mass-average temperatures
determination by the Accusteel system allows us to
determine with high confidence the data on the
percentage of chemical elements in the melt. What
indicates the correlation coefficient 0.99.

Improving the technological process. Figure 5
shows the diagram of visualization of technological

parameters of the smelting process in EAF furnace with
a charge of 150 tons.

© 2020 Global Journals

Global Journal of Science Frontier Research (B) Volume XX Issue I Version I m Year 2020



Global Journal of Science Frontier Research (B) Volume XX Issue I Version I E Year 2020

'w® ACCUSTEEL EAF CONTROL SYSTEM

ACCUSTEEL %+

Process fuchive Help
Mo 731885
02.25.2003

oF

3000| _

2950| _

2900

2850

2g00(f

=]

Power Bath Temperature 2964 °F
Instant 26,855 kW Carbon 0.037 [C%]
_Total _66990kwW BathOxygen __ ___ 965ppm
! Aluminium ! ! [C%]

1 629 b

e s Bt

|o.100

2064 °F __|

0.075

Lo 0.050
0.037 [C%]

R T LR

J.025

16:07:07

Fig. 5: Heat diagram Ne 731885 from 02.25.2003

This is heat diagram of one the first heats in the
start of Accusteel system test on DC EAF furnace. We
can see that from 27-th minute of the process the melt
bath was formed and the period of melt refining was
started in the closed arc mode. The period of melt
refining is characterized by the maximum consumption
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B
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of the energy supplied to the melt. From 40-th minute
within 12 minutes the process is made with an open
electric arc because intensive tapping of the slag phase.
This process control mode causes poor absorption of
energy entering the melt.
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Fig. 6: Heat diagram Ne 736623 from 10.13.2003

Fig.6 shows that after 9 months of the Accusteel
system's work the smelting process was optimized. The
melting cycle has been reduced from 72 minutes to 48
minutes with a saving of 6 megawatts of electrical
energy and also amount of the oxygen blast to melt.
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Fig. 7: Diagram of the average-daily performance per month on EAF furnace of 150t as a result of the technological
process optimization using the Accusteel system's information

Fig. 7 shows that using information of the
Accusteel system for nine months production was
increased from an average of 21-22 to 30 heats per day
for DC EAF with a charge 150 tons.

Lets consider the possibility of using the
Accusteel system on the BOF where the “drop-bomb”
thermocouples computer temperature control system is
used. The tests were made using the Accusteel system
on the 80t charge blast oxygen furnace (BOF), company

using the experience of the BOF operator. Temperature
control during the melting is made for 3-4 minutes or 15-
20% oxygen blow before the end of the process without
stopping the process by the thermocouple computer
system by immersion in the melt "drop-bomb"
thermocouple. The chemistry of the melt is determined
by the local method by taking a sample of the melt for
express analysis after stopping the process.

The results of statistical data analyses of

Mannesmann, Brazil. It is known that the BOF processis temperature by “drop-bomb” thermocouple and
controlled visually by a torch on the neck of the furnace  chemistry of the melt are presented in table 3.
Table 3: Statistics of technological parameters of BOF heats
T1°C | Tal°C | T2°C |Ta2°C| %C1 %Ca1l %C2 | %Ca2 %P1 %Pail %P2 %Pa?2
Count 100 100 100 100 100 100 100 100 100 100 100 100
Average | 1617 | 1616 1560 | 1618 0.038 0.042 0.19 0.041 0.01 0.01 0.012 0.013
StDev +27 +16 +24 +17 | £0.0111 | =0.004 | +£0.21 | +£0.004 | =0.0037 | =0.0035| =0.0035| =0.0036

Where: T1°C is the temperature determined
by the “drop-bomb” thermocouple, the second
temperature for performing statistical and correlation
analysis is the temperature T2°C determined by the
thermocouple in the ladle. For statistical and correlation
analysis of the chemistry of the melt were used data of
the carbon percentage %C in the furnace %C1 and in
the ladle %C2 and for the phosphorus percentage in the
furnace %P1 and in the ladle %P2. Data of temperature
and chemistry determined by the Accusteel system:
Ta1oC - temperature, chemical element concentrations
%Cal and %Pal taken in time of measurements made
by the “drop-bomb” and in the end of heat (100% blast)
temperature Ta2°C, carbon and phosphorus percentage
%Ca2 and %Pa2.

The table 3 shows that the average
temperatures T1°C and Tal°C corresponded. The
difference in StDev - standard deviations, errors in
determining the temperature and chemical composition

of the melt, can be explained by the local definition of
data for the thermocouple, heterogeneity of the melt
where there are intense heat exchange processes
accompanied by convective currents due to the
temperature gradient presence. For the Accusteel
system data the mass-average temperature of the gas
in the furnace cavity characterizes the thermophysical
properties of the melt. For evaluation of the reliability of
the information received the correlation analysis of data
determined by computer systems was performed.

The correlation analysis results of the
temperature and chemistry of the melt are presented in
table 4.
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Table 4: Correlation analysis of technological parameters

Function TI(MT2) | Tal(Ta2) | C1(C2) | Cal(Ca2) | P1(P2) | Pal(Pa2)

Coefficient 0.03 0.97 -0.022 0.97 0.6 0.97

The results of the correlation analysis in Table 4
confirm the low reliability of the information obtained for
the temperatures determined by the “drop-bomb”
thermocouple system and the chemistry of the melt.
Indicates low reliability of the information received. The
correlation of the temperature and chemistry data of
0.97 indicates the reliability of the data determined by
the Accusteel system.
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Efficient and Facile One-Pot Synthesis of Novel
Benzimidazoles using Rice Husk

Suman ¢, Rajvir Singh °, Susheel Gulati ® & Suprita ©

Abstract-New and facile one-pot approach for the synthesis of
substituted benzimidazoles from the reaction of substituted
benzaldehyde and o-phenylenediamine room temperature
using Rice Husk Ash: CaCl, (RHA:CaCl,) as a green catalyst
was presented in the paper. After the completion of the
reaction, the reaction mixture was poured into ice-coldwater
with stirring, and the precipitated product was filtered using
the filter pump. The crude product was then recrystallized from
ethanol to give analytically pure samples in good to excellent
yield. The purity of compounds were characterized by melting
point and thin-layer chromatography. The synthesized
compounds were characterized by using '"HNMR and FTIR
spectral techniques. Metal-free, short reaction time, high
yields, mild reaction condition, simple work-up, high atom
economy, cost-effectiveness, and no need for column
purification are some beauties of this methodology.
Keywords: rice husk, green catalyst, benzimidazole,
metal-free, atom economy.

I.  INTRODUCTION

n recent years, the progress of science and
technology  gradually  shifted more towards
environmentally benign, sustainable, and green

resources. In this series, much attention has been

focused on the utilization of plant biomass as
biocatalyst. Amongst the various biomasses, with
abundant and renewable energy sources, rice husk is
not only a potential source of energy but also a value-
added by-product[1].In the last days, there were many
reasons associated with rice husk for not being
effectively like (i) lack of awareness of its potential by
farmers and industry persons, (i) socio-economic
problems, (i) penetration of technology, (iv)lack of
environmental concern and many others. The only
solution to these problems associated with the utilization
of this solid waste needs to be detected both in quality
and quantity aspects. Benzimidazole and its derivatives
have reported the number of biological importance like
they can be used as anticonvulsant, antibacterial,
antifungal, antitumor, anthelmintic, ant amoebic,
analgesic, and antiulcer [2-3]. Recent results indicate
that the benzimidazole structure can bind in the DNA
minor groove and can act as a ligand to transition
metals. So, it must be necessary to develop a mild and
easy procedure for the synthesis of these bioactive
chemicals. Generally, benzimidazoles were prepared by

Author a o p @J: Department of Chemistry, Chaudhary Charan Singh
Haryana Agricultural University, Hisar, 125004, India.
e-mails: sgbhunal108@gmail.com, supritarana0006@gmail.com

CAN [4], microwave-assisted[5], lead peroxide
[6].Despite of these methods, polycondensation of o-
phenylenediamine with aryl aldehydes is more efficient
and facile. Recently, some of the green protocol for the
synthesis of benzimidazole derivatives has been carried
out, such as the use of pectin in water [7]. In
continuation of these series, we want to explain the
applicability of RHA.CaCl, as a newly reported green
catalyst which is reusable many times without loss of
activity and performs the reaction under mild conditions
with high yields.

I1. EXPERIMENTAL DETAILS

The contents of rice husk are hemicellulose
24.3%, cellulose 34.4%, lignin19.2%, ash 18.85%and the
other substances are3.25% [8]. Cellulose and lignin did
not show the bonding properties because these are
mostly inert but the monomeric components of
hemicelluloses such as methyl glucuronic acid
(monosaccharides), which become polar due to the
electrometric effect of carboxylic acidic part. The active
acidic monosaccharide can be extracted by removing
lignin and cellulose from rice husk with an alkaline metal
treatment [9]. All reagents and solvents were used in
analytical grade and used without purification. Melting
points were determined in open capillaries on a Ganson
electric melting point apparatus and are uncorrected.
Infrared spectra (4000-350 cm™) of the synthesized
compounds were recorded in KBr pellets on Perkin
Elmer FT-IR-R2X spectrophotometer, and frequency was
expressed in cm™. The '"HNMR spectrum was recorded
in CDCl; or DMSO-d, using tetra methyl silanean internal
reference on “Brucker Ac 400 F“(400 MHZz) nuclear
magnetic resonance spectrometer. The chemical shift
values were quoted in delta (ppm).

a) General procedure of the synthesis of biocatalyst

The catalyst was prepared by sorption of
anaqueous solution of CaCl,.2H,0 (7.35 gm, 0.05
mmol) in per mL distilled water on rice husk (0.25 gm).
The mixture was heated at 100 °C for 4 hours to give
RHA.CaCl, [9].

b) General procedure of the synthesis of benzimidazole

O-phenylenediamine(20 mmol) was added to a
mixture of RHA.CaCl, (20 mg), substituted aldehydes
(20 mmol),and 10 mL distilled water .Thus the resulting
mixture was stirred at room temperature for 40 min. The
progress of reaction was monitored by thin-layer

© 2020 Global Journals

Global Journal of Science Frontier Research (B) Volume XX Issue I Version I m Year 2020



Global Journal of Science Frontier Research (B) Volume XX Issue I Version I E Year 2020

chromatography (Ethyl acetate: n-hexane 2:8). After
completion of the reaction, the mixture was workup by
the addition of ice-coldwater. The yellow solid products
was separated by simple filtration and recrystallized
from ethanol. If the product was gummy, it was
extracted with ethyl acetate, and the organic phase was
washed with water and dried over sodium sulfate. The

Chemical reaction

reaction was found to complete within 40 min to give 2-
(1H-benzimidazole-2yl) phenol 3() a product in
quantitative yield (Table 3, entry 1). Various derivatives
of benzimidazole and their yield formed was shown in
Table 2 under (Scheme-1). Also, the specialty of the
catalyst in comparison of other is shown in Table 3.

1
NH,

1 2(i)-2(ix)

Rl

CHO  RHA-CaCl,, Water
T R2 R RT,40 min

g R R!
N

Cro<w
N

3 (i) - 3 (ix)

Scheme-1

[11. RESULT AND DISCUSSION

The model reaction between salicylaldehyde 2(i)
(2.44g; 20mmoles) and o-phenylene diamine(1) (3.74g;
20mmoles) in the presence of RHA.CaCl, was taken in
the flask and stirred for 40 min on the magnetic stirrer.
The solid that separated and worked up with cold water
and recrystallized from ethanol to furnish 3(i) as the
product in quantitative yield (Table 3, Entry 1).Inspired
by this result, the concentration of catalyst was
optimized through the above reaction by using different
amounts of catalyst i.e.0.12, 0.25, 0.50, 0.75, 1.00 gm
(Table 1, Entry 1-5) of RHA.CaCl, in the water at room
temperature for 40 min to give the desired products 3(j).
The reaction procedure was performed in the absence
of catalyst at the same condition; a low yield is obtained,
which shows the value of the prescribed agitator. Fig.1a
shows SEM images of untreated rice husk; this figure
represents an irregular shape of fibers and rough
surface; but a smooth and regular form was showed
after treatment with hydrated calcium chloride
(CaCl,.2H,0). At low magnification, RHA.CaCl,(Fig 1b,
c) shows a regular surface, but the shape of fiber
particles does not appear accurately. But at high
magnification  RHA.CaCl,(Fig. 1d)seems to be
composed of regular-shapedp articles with a uniform
distribution of CaCl, on the surface. Due to this, calcium
treatment improves the fiber surface and bond
uniqueness by removing hemicelluloses and producing
regular surface. This topography offers better fiber-
matrix interface bond and an increase in mechanical
properties. Treatment by alkali and alkaline reduces the
lignin and hemicellulose content in natural fibers,
increases the surface area, allowing the dissemination
of water molecules to the inner layers, and breaks the
bonds between lignin-carbohydrate and hemicellulose
[17].

© 2020 Global Journals

a) Catalyst recycles

Reusability is one attractive advantage of green
catalysts. A recycling experiment was conducted using
the above-mentioned model reaction (Scheme 1). The
syntheses were performed three times and the effect of
recycling catalysts on yields of 3(i), as shown in Table 2.
In every cycle, the catalyst was almost quantitatively
recovered, and after second and third-time use of
catalyst, the decreasing vyield is not much more
significant.

b) Plausible Mechanism for Synthesis of Benzimidazole
in the presence of RHA. CaCl,

The possible mechanism for the synthesis of
benzimidazole (Scheme 1) depicted below. The reaction
proposed that the aryl aldehyde was first activated by
green catalyst by nucleophilic attack on carbonyl group,
then o-phenylene diamine attacks the activated carbonyl
group of the compound, which leads to the formation of
the intermediate and intermolecular cyclization proceeds
to form the desired product.



c)

RHA.CaCl,
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NH,
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Spectral data of some selected compounds

2-(1H-benzimidazol-2yl)phenol: pale yellow solid.
mp: 293-296°C; 'H NMR (400 Hz, CDCl,): 6 3.62
(brd, 1H, OH); 7.30-8.91(m, 8H, Ar-H); 10.38 (s, 1H,
NH); IR (KBr) cm3366 (OH), 3165 (N-H),
3035(C=CH), 1618 (C=C, aromatic)

2-(2-chlorophenyl)-1H-benzimidazole: pale yellow
solid. mp: 225-226°C; 'H NMR (400 Hz,
CDCly):66.97-8.24 (m, 8H, Ar-H), 11.01 (s, 1H, NH);IR

H
N
2y,
N

(KBr) cm™:3261 (N-H), 3030(C=CH), 1596 (C=C,
aromatic), 754 (C-Cl)

2-(3-nitrophenyl)-1H-benzimidazole: — pale  yellow
solid. mp: 164-186°C; 'H NMR (400 Hz, CDCl,): ¢
6.12-8.28 (m, 8H, Ar-H), 10.33 (s, 1H, NH); IR (KBr)
cm™: 3326 (N-H), 2968 (C=CH), 1590 (C=C,
aromatic), 1318 (NO,)
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d) Comparison of the results of the present methods for
the synthesis of benzimidazoles with the reported
methods

Table 4 indicates the comparison of the activity

of different catalysts by considering the yield of the
reaction. We observed that the RHA.CaCl, gives
catalytic activity in terms of product yield, solvent, and
response time of reaction compared to other catalysts in
the literature such as CAN, p-TsOH, Metal-Nitrate,
Ammonium Chloride, Ring-Closing. RHA.CaCl,is a
readily available and inexpensive biocatalyst, which
makes this method green and mild. Also the above
catalyst is a renewable catalyst that follows one of the
green chemistry principles regarding the maximum yield
of renewable resources.

IV. CONCLUSION

In summary, we have developed an efficient
catalytic system for the synthesis of substituted
benzimidazoles by using rice husk. Under the improved
method, it offers several benefits over the previous
methods, which includes the elimination of toxic
chemicals, cheap, and the main product was obtained
in good to excellent yields. Furthermore, the rice husk
catalytic system could be reuse up to three times
without significant loss of activity. All synthesized
compounds were obtained by precipitation without the
need for column purification. This current improved
method is capable of minimizing the use of hazardous
chemicals and, at the same time, provides an alternative
way of bio-waste management. We predict that the
current procedure will provide a great utility in the
synthesis of other heterocyclic compounds shortly.
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Fig.: 1d SEM of RHA.CaCl, at high magnification

Tables

Table 1: Screening of RHA.CaCl, for the synthesis of 3(i)

Amount of Catalyst . . ,
Entry (gm) Time (min) Yield
1. 0.12 75 79
2 0.25 40 82
3 0.50 30 80
4 0.75 25 76
5 1.00 25 76
Entry 2 is the best concentration for the prescribed catalyst
Table 2: Reusability of catalyst
Reuse Cycle Fresh First Second Third
Time (min) 40 40 60 90
Yield (%) 82 82 78 76
Table 3: Synthesis of benzimidazoles in presence of RHA.CaCl,
Entry R R R? Product Yield Phase MPt. (°C) [Ref]
1 OH H H 3(i) 82 Solid 180-182 [10]
2 H OH H 3(ii) 92 Solid 282-284 [11]
3 Cl H H 3(iii) 88 Solid 225-226 [10]
4 CH, CH, H 3(iv) 86 Gummy | -
5 H OH OH 3(v) 90 Gummy | -
6 H NO, H 3(vi) 84 Solid 164-186 [10]
7 H H OCH, 3(vii) 90 Solid 223-225 [10]
8 H H OH 3(viii) 82 Solid 285-287 [11]
9 H H Cl 3(ix) 78 Solid 294-296 [10]
Table 4: Comparison of the results with the reported methods
S. No. Catalyst Solvent Temperature (°C) Time (min) Yield (%) Literature
1 CAN PEG 50 120 90 [4]
2 p-TsOH DMF 80 10 82 [12]
3 Metal-Nitrate Methanol RT 30 80 [13]
4 Ammonuim Chloride Ethanol 80-90 120 78 [14]
5 Ring-Closing Ethanol 90 120 78 [15]
7 RHA.CaCl, Water RT 40 82 Present work

© 2020 Global Journals




GLOBAL JOURNALS GUIDELINES HANDBOOK 2020

WWW.GLOBALJOURNALS.ORG



MEMBERSHIPS

FELLOWS/ASSOCIATES OF SCIENCE FRONTIER RESEARCH COUNCIL
FSFRC/ASFRC MEMBERSHIPS

INTRODUCTION

FSFRC/ASFRC is the most prestigious membership of
Global Journals accredited by Open Association of
Research Society, U.S.A (OARS). The credentials of
Fellow and Associate designations signify that the
researcher has gained the knowledge of the fundamental
and high-level concepts, and is a subject matter expert,
proficient in an expertise course covering the professional
code of conduct, and follows recognized standards of
practice. The credentials are designated only to the
researchers, scientists, and professionals that have been
selected by a rigorous process by our Editorial Board and
Management Board.

Associates of FSFRC/ASFRC are scientists and
researchers from around the world are working on
projects/researches that have huge potentials.
Members support Global Journals’ mission to advance
technology for humanity and the profession.

FSFRC

FELLOW OF SCIENCE FRONTIER RESEARCH COUNCIL

FELLOW OF SCIENCE FRONTIER RESEARCH COUNCIL is the most prestigious membership of Global Journals. It
is an award and membership granted to individuals that the Open Association of Research Society judges to have
made a 'substantial contribution to the improvement of computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Fellows are
elected for life through a peer review process on the basis of excellence in the respective domain. There is no limit
on the number of new nominations made in any year. Each year, the Open Association of Research Society elect
up to 12 new Fellow Members.

© Copyright by Global Journals | Guidelines Handbook .



BENEFIT

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

" EXCLUSIVE NETWORK
GET ACCESS TO A CLOSED NETWORK

‘3, | AFSFRC member gets access to a closed network of Tier 1 researchers and
/| scientists with direct communication channel through our website. Fellows can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE
RECEIVE A PRINT ED COPY OF A CERTIFICATE

Fellows receive a printed copy of a certificate signed by our Chief Author that may
be used for academic purposes and a personal recommmendation letter to the dean

of member's university.
Credibility Reputation

DESIGNATION
GET HONORED TITLE OF MEMBERSHIP

Fellows can use the honored title of membership. The “FSFRC” is an honored title
which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., FSFRC or

William Walldroff, M.S., FSFRC.

RECOGNITION ON THE PLATFORM

BETTER VISIBILITY AND CITATION

All the Fellow members of FSFRC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All fellows get a dedicated page on the website with their biography.

. © Copyright by Global Journals | Guidelines Handbook



FUTURE WORK
GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Fellows receive discounts on future publications with Global Journals up to 60%. Through our recommendation
programs, members also receive discounts on publications made with OARS affiliated organizations.

GJ INTERNAL ACCOUNT
UNLIMITED FORWARD OF EMAILS

Fellows get secure and fast GJ work emails with unlimited forward of emails that
they may use them as their primary email. For example,

john [AT] globaljournals [DOT] org.

PREMIUM TOOLS

ACCESS TO ALL THE PREMIUM TOOLS

To take future researches to the zenith, fellows and associates receive access to all
the premium tools that Global Journals have to offer along with the partnership with

- some of the best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Fellows are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS

EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES
All fellows receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.

© Copyright by Global Journals | Guidelines Handbook .



PUBLISHING ARTICLES & BOOKS

EARN 60% OF SALES PROCEEDS

| Fellows can publish articles (limited) without any fees. Also, they can earn up to
60% of sales proceeds from the sale of reference/review books/literature/
publishing of research paper. The FSFRC member can decide its price and we can

help in making the right decision.

REVIEWERS

GET A REMUNERATION OF 15% OF AUTHOR FEES
Fellow members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get a

remuneration of 15% of author fees, taken from the author of a respective paper.

Financial

ACCESS TO EDITORIAL BOARD

BECOME A MEMBER OF THE EDITORIAL BOARD

Fellows may join as a member of the Editorial Board of Global Journals Incorporation (USA) after successful
completion of three years as Fellow and as Peer Reviewer. Additionally, Fellows get a chance to nominate other

members for Editorial Board.

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 5 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 10 GB free secure cloud access for storing research files.

. © Copyright by Global Journals | Guidelines Handbook



ASFRC

ASSOCIATE OF SCIENCE FRONTIER RESEARCH COUNCIL

ASSOCIATE OF SCIENCE FRONTIER RESEARCH COUNCIL is the membership of Global Journals awarded to
individuals that the Open Association of Research Society judges to have made a 'substantial contribution to the
improvement of computer science, technology, and electronics engineering.

The primary objective is to recognize the leaders in research and scientific fields of the current era with a global
perspective and to create a channel between them and other researchers for better exposure and knowledge
sharing. Members are most eminent scientists, engineers, and technologists from all across the world. Associate
membership can later be promoted to Fellow Membership. Associates are elected for life through a peer review
process on the basis of excellence in the respective domain. There is no limit on the number of new nominations
made in any year. Each year, the Open Association of Research Society elect up to 12 new Associate Members.

© Copyright by Global Journals | Guidelines Handbook .



BENEFIT

TO THE INSTITUTION
GET LETTER OF APPRECIATION

Global Journals sends a letter of appreciation of author to the Dean or CEO of the University or Company of which
author is a part, signed by editor in chief or chief author.

© EXCLUSIVE NETWORK
GET ACCESS TO A CLOSED NETWORK

At
‘ ‘F A ASFRC member gets access to a closed network of Tier 1 researchers and
- scientists with direct communication channel through our website. Associates can
reach out to other members or researchers directly. They should also be open to

reaching out by other.

CERTIFICATE
RECEIVE A PRINT ED COPY OF A CERTIFICATE

Associates receive a printed copy of a certificate signed by our Chief Author that
may be used for academic purposes and a personal recommendation letter to the

dean of member's university.
Credibility Reputation

DESIGNATION
i, GET HONORED TITLE OF MEMBERSHIP
gl

::.?N Associates can use the honored title of membership. The “ASFRC” is an honored
_ B title which is accorded to a person’s name viz. Dr. John E. Hall, Ph.D., ASFRC or

William Walldroff, M.S., ASFRC.

L‘-‘.' '
Or
w e i

RECOGNITION ON THE PLATFORM
BETTER VISIBILITY AND CITATION

All the Associate members of ASFRC get a badge of "Leading Member of Global Journals" on the Research
Community that distinguishes them from others. Additionally, the profile is also partially maintained by our team for
better visibility and citation. All associates get a dedicated page on the website with their biography.

. © Copyright by Global Journals | Guidelines Handbook

VI



FUTURE WORK

GET DISCOUNTS ON THE FUTURE PUBLICATIONS

Associates receive discounts on the future publications with Global Journals up to 60%. Through our
recommendation programs, members also receive discounts on publications made with OARS affiliated
organizations.

GJ INTERNAL ACCOUNT

UNLIMITED FORWARD OF EMAILS

Associates get secure and fast GJ work emails with unlimited forward of emails
that they may use them as their primary email. For example,

john [AT] globaljournals [DOT] org.

PREMIUM TOOLS
ACCESS TO ALL THE PREMIUM TOOLS

To take future researches to the zenith, fellows receive access to almost all the
premium tools that Global Journals have to offer along with the partnership with

" some of the best marketing leading tools out there.

CONFERENCES & EVENTS
ORGANIZE SEMINAR/CONFERENCE

Associates are authorized to organize symposium/seminar/conference on behalf of Global Journal Incorporation
(USA). They can also participate in the same organized by another institution as representative of Global Journal.
In both the cases, it is mandatory for him to discuss with us and obtain our consent. Additionally, they get free

research conferences (and others) alerts.

EARLY INVITATIONS
EARLY INVITATIONS TO ALL THE SYMPOSIUMS, SEMINARS, CONFERENCES

All associates receive the early invitations to all the symposiums, seminars, conferences and webinars hosted by

Global Journals in their subject.

© Copyright by Global Journals | Guidelines Handbook .

Vil



PUBLISHING ARTICLES & BOOKS
_ ,f EARN 30-40% OF SALES PROCEEDS

W Associates can publish articles (limited) without any fees. Also, they can earn up to
30-40% of sales proceeds from the sale of reference/review

books/literature/publishing of research paper.

REVIEWERS
GET A REMUNERATION OF 15% OF AUTHOR FEES

Associate members are eligible to join as a paid peer reviewer at Global Journals Incorporation (USA) and can get
a remuneration of 15% of author fees, taken from the author of a respective paper.

AND MUCH MORE
GET ACCESS TO SCIENTIFIC MUSEUMS AND OBSERVATORIES ACROSS THE GLOBE

All members get access to 2 selected scientific museums and observatories across the globe. All researches
published with Global Journals will be kept under deep archival facilities across regions for future protections and
disaster recovery. They get 5 GB free secure cloud access for storing research files.

. © Copyright by Global Journals | Guidelines Handbook

VIII



ASSOCIATE

$4800

lifetime designation

Certificate, LoR and Momento
2 discounted publishing/year
Gradation of Research
10 research contacts/day
1 GB Cloud Storage

GJ Community Access

FELLOW RESEARCH GROUP BASIC
$6800 $12500.00 APC
lifetime designation organizational per article
Certificate, LoR and Certificates, LoRs and GJ) Community Access
Momento Momentos
Unlimited discounted Unlimited free
publishing/year publishing/year
Gradation of Research Gradation of Research
Unlimited research Unlimited research
contacts/day contacts/day
5 GB Cloud Storage Unlimited Cloud Storage
Online Presense Assistance Online Presense Assistance
GJ Community Access GJ Community Access

© Copyright by Global Journals | Guidelines Handbook .



PREFERRED AUTHOR GUIDELINES

We accept the manuscript submissions in any standard (generic) format.

We typeset manuscripts using advanced typesetting tools like Adobe In Design, CorelDraw, TeXnicCenter, and TeXStudio.
We usually recommend authors submit their research using any standard format they are comfortable with, and let Global
Journals do the rest.

Alternatively, you can download our basic template from https://globaljournals.org/Template.zip

Authors should submit their complete paper/article, including text illustrations, graphics, conclusions, artwork, and tables.
Authors who are not able to submit manuscript using the form above can email the manuscript department at
submit@globaljournals.org or get in touch with chiefeditor@globaljournals.org if they wish to send the abstract before
submission.

BEFORE AND DURING SUBMISSION

Authors must ensure the information provided during the submission of a paper is authentic. Please go through the
following checklist before submitting:

1. Authors must go through the complete author guideline and understand and agree to Global Journals' ethics and code
of conduct, along with author responsibilities.

2. Authors must accept the privacy policy, terms, and conditions of Global Journals.

Ensure corresponding author’s email address and postal address are accurate and reachable.

4. Manuscript to be submitted must include keywords, an abstract, a paper title, co-author(s') names and details (email
address, name, phone number, and institution), figures and illustrations in vector format including appropriate
captions, tables, including titles and footnotes, a conclusion, results, acknowledgments and references.

5. Authors should submit paper in a ZIP archive if any supplementary files are required along with the paper.

Proper permissions must be acquired for the use of any copyrighted material.

7. Manuscript submitted must not have been submitted or published elsewhere and all authors must be aware of the
submission.

w

o

Declaration of Conflicts of Interest

It is required for authors to declare all financial, institutional, and personal relationships with other individuals and
organizations that could influence (bias) their research.

PoLICY ON PLAGIARISM
Plagiarism is not acceptable in Global Journals submissions at all.

Plagiarized content will not be considered for publication. We reserve the right to inform authors’ institutions about
plagiarism detected either before or after publication. If plagiarism is identified, we will follow COPE guidelines:

Authors are solely responsible for all the plagiarism that is found. The author must not fabricate, falsify or plagiarize
existing research data. The following, if copied, will be considered plagiarism:

e  Words (language)

e Ideas

e  Findings

e Writings

e Diagrams

e Graphs

e lllustrations

e |lectures

. © Copyright by Global Journals | Guidelines Handbook


https://globaljournals.org/Template.zip�
mailto:chiefeditor@globaljournals.org�
https://en.wikipedia.org/wiki/Vector_graphics�

e Printed material

e  Graphic representations
e  Computer programs

e Electronic material

e Any other original work

AUTHORSHIP POLICIES

Global Journals follows the definition of authorship set up by the Open Association of Research Society, USA. According to
its guidelines, authorship criteria must be based on:

1. Substantial contributions to the conception and acquisition of data, analysis, and interpretation of findings.
2. Drafting the paper and revising it critically regarding important academic content.
3. Final approval of the version of the paper to be published.

Changes in Authorship

The corresponding author should mention the name and complete details of all co-authors during submission and in
manuscript. We support addition, rearrangement, manipulation, and deletions in authors list till the early view publication
of the journal. We expect that corresponding author will notify all co-authors of submission. We follow COPE guidelines for
changes in authorship.

Copyright

During submission of the manuscript, the author is confirming an exclusive license agreement with Global Journals which
gives Global Journals the authority to reproduce, reuse, and republish authors' research. We also believe in flexible
copyright terms where copyright may remain with authors/employers/institutions as well. Contact your editor after
acceptance to choose your copyright policy. You may follow this form for copyright transfers.

Appealing Decisions

Unless specified in the notification, the Editorial Board’s decision on publication of the paper is final and cannot be
appealed before making the major change in the manuscript.

Acknowledgments

Contributors to the research other than authors credited should be mentioned in Acknowledgments. The source of funding
for the research can be included. Suppliers of resources may be mentioned along with their addresses.

Declaration of funding sources

Global Journals is in partnership with various universities, laboratories, and other institutions worldwide in the research
domain. Authors are requested to disclose their source of funding during every stage of their research, such as making
analysis, performing laboratory operations, computing data, and using institutional resources, from writing an article to its
submission. This will also help authors to get reimbursements by requesting an open access publication letter from Global
Journals and submitting to the respective funding source.

PREPARING YOUR MANUSCRIPT

Authors can submit papers and articles in an acceptable file format: MS Word (doc, docx), LaTeX (.tex, .zip or .rar including
all of your files), Adobe PDF (.pdf), rich text format (.rtf), simple text document (.txt), Open Document Text (.odt), and
Apple Pages (.pages). Our professional layout editors will format the entire paper according to our official guidelines. This is
one of the highlights of publishing with Global Journals—authors should not be concerned about the formatting of their
paper. Global Journals accepts articles and manuscripts in every major language, be it Spanish, Chinese, Japanese,
Portuguese, Russian, French, German, Dutch, Italian, Greek, or any other national language, but the title, subtitle, and
abstract should be in English. This will facilitate indexing and the pre-peer review process.

The following is the official style and template developed for publication of a research paper. Authors are not required to
follow this style during the submission of the paper. It is just for reference purposes.

© Copyright by Global Journals | Guidelines Handbook .

XI


https://globaljournals.org/copyright-transfer/copyright-transfer�

Manuscript Style Instruction (Optional)

e  Microsoft Word Document Setting Instructions.

e Font type of all text should be Swis721 Lt BT.

e Pagesize: 8.27" x 11", left margin: 0.65, right margin: 0.65, bottom margin: 0.75.

e  Paper title should be in one column of font size 24.

e Author name in font size of 11 in one column.

e  Abstract: font size 9 with the word “Abstract” in bold italics.

e  Main text: font size 10 with two justified columns.

e Two columns with equal column width of 3.38 and spacing of 0.2.

e  First character must be three lines drop-capped.

e The paragraph before spacing of 1 pt and after of 0 pt.

e Line spacing of 1 pt.

e lLarge images must be in one column.

e The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10.
e The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10.

Structure and Format of Manuscript

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words.
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers
are reports of significant research (typically less than 7,000 words, including tables, figures, and references)

A research paper must include:

a) Atitle which should be relevant to the theme of the paper.

b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.

c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus.

d) Anintroduction, giving fundamental background objectives.

e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit

repetition, sources of information must be given, and numerical methods must be specified by reference.
f)  Results which should be presented concisely by well-designed tables and figures.
g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.

. © Copyright by Global Journals | Guidelines Handbook

Xl



FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.

© Copyright by Global Journals | Guidelines Handbook .

XII



Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.

. © Copyright by Global Journals | Guidelines Handbook

XV



6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dafter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

(ol olNe]

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

O Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

O Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

O Resources and methods are not a set of information.
O Skip all descriptive information and surroundings—save it for the argument.
O Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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