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INTRODUCTION
Isatin is a biologically active indole derivative, with a ketone group at
3-position. Ketones and aldehydes can react with amines, hydrazines, and
(thio)semicarbazide to yield Schiff’s bases, hydrazones, and (thio)semicarbazones respectively, frequently with high yields with the elimination of
at least one molecule of water. The resulting molecule most probably has
high biological activity, and we have covered some examples for them. As
an additional reaction, these compounds react with metal salts, like Cu(II),
Zn(II), and ClFe(III), and some of these structures present biological activity, too. In this treatise, we introduce the readers to the biological activity
of isatin thiosemicarbazones, substituted at various positions (N1, N3, and
N4) with literature coverage.

LITERATURE REVIEW
In work by Ali et al. (2014), they prepared six novel copper(II) complexes from the N-phenylthiosemicarbazone of isatin (See Figure 1).
Along with standard methods of characterization, they have grown single
crystals of Cu-2 and Cu-3 complexes and studied with XRD. Calf thymus DNA (ct-DNA) interaction showed that the high intercalative binding
constant, in the range of 0.16 to 1.46 x 106 M-1, indicates the intercalative
ability of the complexes. Electrophoretic studies of the five complexes revealed that Cu-1 and Cu-2 behaved as oxidative DNA-cleaving agents,
whereas the others are oxidative and hydrolytic DNA cleaving agents. The
possible anti-cancer potential of the complexes against human colorectal
carcinoma cell line is available from the in vitro antiproliferative study (Ali
et al., 2014).
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Figure 1: The structures of the complexes (1-6). 5-H (1), 5-CH3 (2), 5-F (3),
5-NO2 (4), N-Me-5-CH3 (5), and N-Et-5-CH3 (6).

Aneesrahman and co-workers showed three novel 5-methoxyisatin
thiosemicarbazone molecules and their copper(II) complexes, and their
spectral characterization revealed that the ligands bind to the copper(II)
ion via an ONS donor set in a square planar fashion (see Figure 2). The
researchers also reported single-crystalline X-ray diffraction studies. The
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complexes were able to interact with BSA/DNA with an excellent binding
constant. The researchers studied the complexes in antimicrobial activity,
radical scavenging activity, and antiproliferative activity, and the results
were reported (Aneesrahman et al., 2019).
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Figure 2: The structure of 5-methoxyisatin thiosemicarbazone-copper(II) complex. The R groups are pyrrolidin-1-yl (7), morpholin-1-yl (8), and cyclohexanamin-1-yl (9).

Bakır and co-workers studied linoleic acid peroxidation in the presence of copper(II) ions only or butylated hydroxytoluene (BHT), gallic
acid, and BHT/GA pair. They also added 5-methoxyisatin-3-(4-chlorophenyl) thiosemicarbazone or 5-methoxyisatin-3-(4-phenyl)thiosemicarbazone into the medium. They aerated or incubated the medium at physiological conditions. DPPH (1,1-diphenylpicrylhydrazyl) radical scavenging
method yielded IC50 values like 69.60 µM (BHT), 11.87 µM (GA), 88.71
µM (isatin-3-chlorophenyl thiosemicarbazone), 73.62 µM (isatin-3-phenyl
thiosemicarbazone), and 430.11 µM bis(isatin-3-(4-iodophenyl) thiosemicarbazonato)zinc(II) (see Figure 3). They also applied detailed computational methods to obtain valuable data (Bakır et al., 2018).
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Figure 3: A representation of zinc(II) chelate of isatin N-(4-iodophenyl)thiosemicarbazone.
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Using N-substituted isatin derivatives with nickel(II) ions, a group of
researchers synthesized a total of eight complexes in which three of them
are novel; they included the others for comparison. Complex 11 bis(1-allylisatin-3-phenylthiosemicarbazonato)nickel(II) (see Figure 4) showed
impressive results against human cancer lines (acute monocytic leukemia
MOLM-14, histiocytic lymphoma U937, and myeloma IM-9). The complex also enhanced the apoptotic cell line and induced the cell cycle arrest
at the G1 phase. This complex was not toxic to the Vero cell line (IC50 higher than 300 µM). They also studied the concentration-dependent cleavage
of supercoiled (SC) DNA by complex 11 to the corresponding nicked circular (NC) form (Balachandran et al., 2018).
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Figure 4: The molecular structure of complex 11.

Casas et al. reacted dimethylthallium(III) acetate and isatin-3-thiosemicarbazone to give a monomeric complex. Upon recrystallization from dimethylsulfoxide, the complex dimerizes to [TlMe2(isaTSC)DMSO]2 (12)
(see Figure 5). The dimeric structure has a weak bonding, and the geometry was distorted pentagonal bipyramidal (Casas et al., 2000).
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Figure 5: The structure of the complex 12.
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In a research conducted by El-Saied and co-workers, they condensed
isatin and 4-aminoantipyrine thiosemicarbazone to give a ligand and prepared its corresponding Cu(II) (13-17; see Figure 6), Co(II) (see Figures
7 (18) and 8 (19)), Ni(II) ((20), see Figure 9), Zn(II) ((21), see Figure
10), and Fe(III) complexes ((22), see Figure 11). They tested the ligand
and several complexes against solid tumors. The research group has concluded that complex 20 extraordinarily reduced the volume of the tumor,
inhibited the expression of vascular endothelial growth factor (VEGF), and
induced the expression of cysteine aspartyl specific protease-7 (caspase-7).
The AST, ALT, albumin, and glucose levels restored to their typical values.
They report that the complexes are potent anti-cancer agents against solid
tumors induced by EAC cells (El-Saied et al., 2019).
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X = Cl, 13; Br, 14; NO3, 15; OAc, 16; ClO4, 17

Figure 6: Structures of complexes (13-17).
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Figure 7: The structure of complex (18).
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Figure 8: The structure of complex (19).
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Figure 9: The structure of the Ni complex (20).
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Figure 10: Structure of the Zn complex (21).
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Figure 11: Structure of the Fe complex (22).

El-Sawaf and his co-workers described a new, N4-morpholinylthiosemicarbazone of isatin. This ligand in the HL form formed Co(II),
Cu(II), and Pd(II) complexes in a [M(L)X] fashion, where X is chloride,
bromide, and acetate (23). With Zn(II) ion, the complex uses a neutral
bidentate NS donor set (24). NiCl2 yielded an octahedral complex with the
ligand’s ONS donors ((25), see Figure 12). All complexes resulted in higher biological activities than the parent ligand. The researchers conclude
that the copper bromide complex acted as a superior antimicrobial agent
than the other complexes and the ligand (El-Sawaf et al., 2018).
A review investigates recent advances on isatin-azole, isatin-quinoline/quinolone, isatin-furan/coumarin, isatin hydrazone/(thio)semicarbazone, isatin dimers, and isatin-indole hybrids to be potential anti-bacterial
agents (see Figures 13-18). SAR studies provide broad-spectrum, high potency, low toxicity, and multiple mechanisms of action (Guo, 2019).
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Figure 12: Metal complexes with ONS donor set, (a) M = Co(II), Cu(II), Pd(II),
X = Cl, Br, OAc, ClO4 (23). (b) The structure of the zinc(II) complex; the ligand
behaves as an NS donor (24). (c) The structure of the nickel(II) complex (25).
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Figure 13: Methisazone, a well-known drug (26).
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Figure 14: 28 compounds fit in this generic structure (27).
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Figure 15: The authors reviewed 15 compounds with compound (28).
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Figure 16: Compound family (29). 7 compounds fit into this generic formula.
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Figure 17: Three compounds fit this generic compound formula (30).
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Figure 18: Generic formula (31). For R1, there are two, for R2, there are seven,
and for R3, there are five possibilities.

A group of isatin thiosemicarbazones are considered for tuberculosis
treatment (Jiang et al., 2018; see Figures 19-22).
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Figure 19: Some isatin thiosemicarbazones for tuberculosis treatment; for (32),
R = H or F.
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Figure 20: Compound (33); R1 = Me, OCF3. R2 = allyl, H, methyl, ethyl, butyl,
benzyl, cyclohexyl, substituted phenyl; R3 = H, methyl, methylmorpholinyl.
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Figure 21: Generic structure depicted as (34). X = S, R = H; X = S, R = OAc.
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Figure 22: R = H; R = Me; R = Et; R = phenyl; R = cyclohexyl.

Munikumari and co-workers have prepared the N-phenylthiosemicarbazones of substituted isatin derivatives (see Figure 23) and investigated
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their antimicrobial (R=bromo and chloro), anti-fungal (R=bromo), antioxidant (R=nitro) activities. The nitro-substituted complex was highly active
against HeLa cells with the standard compound (Munikumari et al., 2019).
R
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(36)
Figure 23: Palladium(II) complex of N4-phenyl-substituted isatin-3-thiosemicarbazone (36). R is chloro, bromo, or nitro.

Muralisankar and co-workers have prepared a thiosemicarbazone from
hexyl isothiocyanate and hydrazine, then synthesized the copper complexes with two different structures (mononuclear and dinuclear) according to
the radical bound to the N1 position of isatin (see Figures 24-25). They
investigated the binding affinity against calf thymus DNA (ct-DNA) and
bovine serum albumin (BSA) with ultraviolet-visible and fluorescent spectrophotometry. Cu complexes showed an intercalative mode of DNA binding. All complexes provided pUC19 plasmid DNA cleavage without an
external agent. 1-Benzylisatin-derived thiosemicarbazone showed good
activity against human breast cancer (MCF7) and lung cancer (A549) cell
lines (Muralisankar et al., 2016).
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Figure 24: The structures of the thiosemicarbazones (37-39).
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Figure 25: The structures of copper complexes from (37-39).

Pati and co-workers studied multifunctional isatin derivatives, especially substituted at N1 position and some methyl substitution at N4 position (see Figure 26). They researched the anti-cancer activity for pancreatic tumor lines (Pati et al., 2018).
Saranya and co-workers prepared ten isatin thiosemicarbazone compounds (47-56) and characterized them with well-known techniques (see
Figure 27). They then investigated in vitro antioxidant behavior and cytotoxicity against MCF-7 (breast cancer cell line), and according to the
results, four compounds showed significant antioxidant behavior, and one
compound exhibited higher cytotoxicity than the others. With in vitro
PLA2 inhibition assay and in silico molecular docking study, they found
anti-inflammatory activity, and all compounds showed promising results
(Saranya et al., 2019).
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Figure 26: Multifunctional isatin thiosemicarbazones (43-46).
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Figure 27: Compound numbers and substitution patterns. (47): Isatin-3-thiosemicarbazone, (48): 5-Bromoisatin-3-thiosemicarbazone, (49): 5-Chloroisatin-3-thiosemicarbazone, (50): 5-Fluoroisatin-3-thiosemicarbazone, (51):
5-Nitroisatin-3-thiosemicarbazone, (52): 5-Methoxyisatin-3-thiosemicarbazone,
(53): 1-Vinylisatin-3-thiosemicarbazone, (54): 1-Propargylisatin-3-thiosemicarbazone, (55): 1-Pentylisatin-3-thiosemicarbazone, (56): 1-Benzylisatin-3-thiosemicarbazone.

A Serbian group of investigators has examined the effect of isatin-3-thiosemicarbazone and its Mn(II), Fe(II), Ni(II), and Zn(II) complexes (see Figure 28) showed good results in the production of antibiotics.
Ni(II), Fe(II), and Mn(II) complexes were octahedral, whereas Zn(II) complex was tetrahedral. Iron(II) complex was the most successful one, having
the highest Hexaene H-85 and Azalomycine B concentrations 306 µg cm-3
and 127 µg cm-3, respectively. The bacterium studied was Streptomyces
hygroscopicus CH-7, synthesizing the antibiotics (Ilić et al., 2019).
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Figure 28: The chemical structures of isatin-3-thiosemicarbazone-metal complexes (57-58).

Khan et al. have studied the effect of isatin thiosemicarbazone
N4-methyl or ethyl substitution on the nuclearity of copper(I) complexes
containing halogen atom and triphenylphosphine as co-ligands (see Figure 29). The results showed that the complexes had 1:1:1 stoichiometry of
halogen:triphenylphosphine:isatin-3-thiosemicarbazone-N-methyl/ethyl
(Khan et al., 2016).
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N-S
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(60)

Figure 29: Cu(I) complexes of N4-methyl or ethyl isatin thiosemicarbazone (5960).

A group of researchers from Russia has synthesized N1-(3,5-bis(tert-butyl)-4-hydroxophenylmethyl) substituted isatin-3-thiosemicarbazone and
prepared complexes with cobalt(II) acetate salt (Figure 30) to give an octahedral complex with 1:2 (M:L) stoichiometry (Zvereva et al., 2012).
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Figure 30: The structure of CoL2-type complex (61).

CONCLUSION
It is a fact that isatin thiosemicarbazones, especially when substituted
at the N4, N1 of the thiosemicarbazide moiety, and 5-position of the isatin
ring, show exceptionally high biological activities. A detailed study with
variable substitutions at the positions above might reveal a high activity,
yielding anti-bacterial, anti-fungal, anti-inflammatory, and anti-cancer/anti-tumor activities. Metal complexes, on the other hand, might show a surprising amount of activity and might even be better than the parent ligand.
Changing the metal ion and, if possible, the oxidation state of it might
indicate different and exciting outcomes.
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1. Introduction
Textures were introduced as a point-based setting for the study of
fuzzy sets. It was proved that textures were an appropriate setting for the
development of complement-free mathematical concepts. Within years,
authors lay the foundation for a theory of ditopology imposed on textures
and introduced ditopological texture. Ditopological texture spaces were
introduced by L.M. Brown (Brown & Diker, 1998) as a point-based setting
for the study of fuzzy sets. In this study texture spaces characterized which
arise in the lattice of intuitionistic sets on a set X and gave some topological results. In (Yıldız & Özçağ, 2013) it is shown that if the complemented
discrete ditopological texture space is bi-submaximal, then dicompactness
implies strong dicompactness. This result remains an open problem to determine conditions for general ditopological texture spaces. In this work
the general information about ditopological space is given based on the
study (Yıldız & Özçağ, 2013).
In 1999, Molodtsov introduced soft set theory and showed that the
soft set theory can be applied to several areas successfully; for example,
the smoothness of functions, game theory, Riemann-integration, Perron-integration, etc. He also showed that soft set theory is free from the parametrization inadequacy syndrome of other theories developed for vagueness
(Yuksel et al., 2013). By using the operations of soft sets, the theory of soft
topological space determined by Shabir and Naz in 2011 over the initial
universe. As a continuation of topological results, it is ingenuous to investigate the behavior of soft topological structures in any extra topology.
Consequently, soft bitopological (Ittanagi, 2014) and soft ditopological
(SDT) space (Dizman, T. S., 2016) on a soft set was introduced. In perspective on the significance of topological structure in growing delicate set
hypothesis, Senel, G. introduced new soft sets in soft ditopological spaces
and showed them with the operator δ . In this study I aim to discuss how
SDT-spaces theory can be developed by using new δ sets which were firstly mentioned in the works of Senel, G. Also, in this study, the main threshold definitions which are sufficient to analyse the structure of all defined
-soft sets have been presented.
In this study, I study δ soft sets in consideration of the studies of
(Senel, G.) that are given in the references. Also, I should note that this is a
compilation work that’s main works are given in the references.
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2. Analyzing The Concept of Soft Set
A pair (𝐹, 𝐸) is called a soft set (over 𝑈) if and only if 𝐹 is a mapping
of 𝐸 into the set of all subsets of the set 𝑈. In other words, the soft set is a
parameterized family of subsets of the set 𝑈. Every set 𝐹(𝑒), 𝑒 ∈ 𝐸, from
this family may be considered as the set of e -approximate elements of the
soft set (Molodtsov, 1999). Let us consider the following example is given
in [Pal & Mondal, 2011].
Example 2.1: A soft set (𝐹, 𝐸) describes the attractiveness of the bikes
which Mr. X is going to buy. 𝑈 is the set of bikes under consideration. 𝐸
is the set of parameters. Each parameter is a word or a sentence. E = (e1=
stylish; e2 =heavy duty; e3= light; e4 =steel body; e5 = cheap; e6 = good
mileage; e7 =easily Started; e8 = long driven; e9=costly; e10 = fibre body).
In this case, to define a soft set means to point out stylish bikes, heavy
duty bikes, and so on (Pal & Mondal, 2011).
Soft set is a parametrized general mathematical tool which deal with
a collection of approximate descriptions of objects. Each approximate description has two parts; a predicate and an approximate value set. In classical mathematics, a mathematical model of an object is constructed and
define the notion of exact solution of this model. (Ibrahim&Yusuf, 2012).

(Saraf, 2013)

sets.

This table explains the transformation of the information to the soft

Suppose a binary operation denoted by *, is defined for all subsets of
the set 𝑈. Let (𝐹, 𝐴) and (𝐺, 𝐵) be two soft sets over 𝑈. Then the operation
* for the soft sets is defined in the following way:

(𝐹, 𝐴) ∗ (𝐺, 𝐵) = (𝐻, 𝐴 × 𝐵), where 𝐻 (𝛼 , 𝛽) = 𝐹(𝛼) ∗ 𝐺(𝛽), 𝛼 ∈ 𝐴, 𝛽
∈ 𝐵 and 𝐴 × 𝐵 is the Cartesian product of the sets 𝐴 and 𝐵 (Saraf, 2013).
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3. Analyzing The Structure of Soft Ditopological Spaces (SDT –
Spaces)
Definition: (Senel, G., 2016) Let f be a nonempty soft set over the
universe U , g ⊆ f , τ be a soft topology on f and τg be a soft subspace
topology on g . Then, ( f ,τ,τg ) is called a soft ditopological space which
is abbreviated as SDT-space.
A pair δ = (τ,τg ) is called a soft ditopology over f and the members
of δ are said to be δ -soft unclosed in f .
set.

The complement of δ -soft unclosed set is called δ -soft closed soft

Definition: (Senel, G., 2016) Let h ⊆ f . Then, δ - soft interior (

δ - int )of h , indicated by (h)δ° , is determined by
� {h : k ⊂ h, k is δ -soft open}
=
(h)δ° ∪

The δ - soft closure ( δ - cl )of h , indicated by (h )δ , is determined by
� {k : h ⊂ k , k is δ -soft closed}
=
(h )δ ∩

Note that (h)δ° is the biggest δ -soft unclosed set that contained in h
and (h )δ is the smallest δ -soft closed set that containing h
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4. New δ - Soft Sets in SDT-Spaces
Definition: (Şenel, n.d.) Let
Then,

be an SDT-space and

.
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5. Conclusion
The mathematical prerequisite for this text is a working knowledge of
new δ - soft sets in SDT-Spaces. This work is a literature review research
and presents the new developments.
6. Declarations
Acknowledgements: The author gratefully acknowledge the comments of the editorial board which led to the improvement of this paper.
Funding: There is no source of funding for the research.
Availability of data and materials: The datasets used or analyzed
during the current study are available from the corresponding author on
reasonable request.

28

Güzide ŞENEL

References
Yıldız, F., & Özçağ, S. (2013). The ditopology generated by pre-open and
pre-closed sets, and submaximality in textures. Filomat, 27(1), 95–
107.
Brown, L. M., & Diker, M. (1998). Ditopological texture spaces and
intuitionistic sets. Fuzzy Sets and Systems, 98(2), 217–224.
Brown, L. M., Ertürk, R., & Dost, Ş. (2004). Ditopological texture spaces
and fuzzy topology, I. Basic Concepts. Fuzzy Sets and Systems, 147(2),
171–199.
A. Kharal and B. Ahmad. Mappings on soft classes, Inf. Sci., INS-D-08-1231
by ESS, pp. 1-11, 2010.
A. M. Ibrahim and A. O.Yusuf. Development of Soft Set Theory, American
International Journal of Contemporary Research 2(9), 205-210, 2012.
D. A. Molodtsov. Soft set theory- First results, Computers Math. Appl. 37
(4/5),19-31, 1999.
Dizman, T. S., Šostak, A., Yuksel, Ş., 2016. Soft Ditopological Spaces,
Filomat, 30(1): 209-222.
Şenel, G., The Theory of Soft Ditopological Spaces, International Journal
of Computer Applications, 150(4), September (2016), 1-5.
Şenel, G., (n.d.). An Approach to Generate New Soft Sets and Spaces in
Soft Ditopological Spaces, Submitted.
Şenel, G., (n.d.). Sufficient and Necessary Conditions to Analyse the
Structure of -soft sets, submitted.
Şenel, G., Examination of Multi Structures on Topological Spaces and
Ditopological Spaces, Academic Studies in Mathematic and Natural
Sciences, First Edition February 2019, Cetinje-Montenegro, ISBN •
978-9940-540-72-2, pp. 53-60.
Senel, G., A Survey On The Historical Perspective of Soft Set Theory,
Research & Reviews in Science and Mathematics, Gece Publishing,
First Edition March 2019, ISBN 978-605-7631-45-9, pp. 85-93.
Shabir, M., Naz, M., On soft topological spaces, Computers and
Mathematics with Applications 61, (2011), 1786-1799.
Basavaraj M. Ittanagi, Soft Bitopological Spaces, International Journal of
Computer Applications, 107(7), (2014), 1-4.
S. Saraf. Survey or Review on Soft Set Theory and Development, The
SIJ Transactions on Computer Science Engineering & its Applications
(CSEA), 1 (3), 59-66, 2013.
S. Mondal and M. Pal, Soft matrices, Afr. J. Math. Comput. Sci. Res. 4
(13), 379–388, 2011.

Chapter 3
N-ENGEL LEİBNİZ ALGEBRAS

Nil MANSUROĞLU1

1 Dr. Öğreti̇ m Üyesi, Kırşehir Ahi Evran Üniversitesi, Fen-Edebiyat Fakültesi, Matematik Bölümü, nil.mansuroglu@ahievran.edu.tr; nilmansuroglu@hotmail.com

Academic Studies in Science and Mathematics - II

31

1. Introduction
In 1993, Leibniz algebras were firstly described by Loday as a
non-(anti)commutative generalization of Lie algebras. In paper (Loday and
Pirashvili, (1993)) by the point of view of homological algebras, these algebras were investigated by Loday and Pirashvili. Leibniz algebras are natural generalizations of Lie algebras. In literature there have been various
studies which were draw attention to results natural and to results showing
the differences and the analogs between Leibniz algebras and Lie algebras.
In (Frolova, 2011), Frolova proved that any Leibniz algebra over a field
of characteristic zero with the Engel identity is nilpotent. In this note, our
main goal is to commence the systematic study of -Engel Leibniz algebras. We give a description of -Engel Leibniz algebras. The main result
of the paper is a generalization of the result of E.I. Zelmanov (Zelmanov,
1987) concerning the nilpotency of an -Engel Lie algebras over a field of
characteristic zero to the case of Leibniz algebras. Throughout of the paper
we fix a field

of characteristic zero.

We organized this paper as follows. In Section 2 we gives some basic
properties of Leibniz algebras to be used throughout this work. In Section
3 we describe -Engel Leibniz algebras. Then in Section 4 we focus on
-Engel Leibniz algebras and we provide the sufficient conditions to show
that an algebra

is -Engel Leibniz algebra.

2. Preliminaries
Firstly, we begin to recall some basic definitions and some basic conclusions which we need for our aims. Leibniz algebras have many properties analogs to those of Lie algebras. We refer to (Bloh, 1965 ), ( Demir
et al, 2014), (Gorbatsevich), (Kurdachenko and Chupordia, 2017), (Jacobson, 1979) for more details.
Suppose that
Leibniz identity

is a non-associative algebra with multiplication

over the field

of characteristic zero. If

satisfies the

for all
then is sid to be (left) Leibniz algebra. The Leibniz identity is equivalent to the Jacobi identity when the multiplication
is anti-commutative. For

we denote

the left multiplication
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operator

by

for all

multiplication operators of

The set

of all left

is a Lie algebra.

Throughout this paper we use left normed notation, that is, for

This means that

If

then this is called Engel identity. If for all

the Engel identity

is satisfied,

For any element

and

is called

we define

-Engel algebra.
by

and

It is clear to show that any Lie algebra is a Leibniz algebra. If a Leibniz algebra

with the condition that

for all

becomes a Lie algebra. For the subspaces
,

and

then

of a Leibniz algebra

is a subspace which is generated by the elements

where

and
A subspace

of

is called a subalgebra if
(respectively

spectively right) ideal if
left ideal and right ideal,
and
called abelian.

is left (re-

is an ideal of

inductively. If

If

We define

is both

by

then the Leibniz algebra

For any Leibniz algebra , we define the Leibniz kernel ideal of

We also define
for

inductively by defining

Then the series of ideals

and

is
by
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is said to be the lower central series of . If there is a positive integer
such that

=0 but

a Leibniz algebra

is called a nilpotent

Leibniz algebra of class .
Now, we define the series of ideals

where

for

is called the derived series of . For some positive integer , if we
have

is called a solvable Leibniz algebra.

Theorem 2.1. (Barnes, 2018) If
Theorem 2.2. (Barnes, 2018) Let
. Let a product of
sociated.

Then

Corollary 2.3. (Barnes, 2018) Let

is nilpotent, then

is nilpotent.

be a Leibniz algebra and
however the product is asbe power of . Then

has

the form

3. -Engel Leibniz algebras
For all

if
, then

satisfies

for some

; namely

is said to be -Engel Leibniz algebra.

Proposition 3.1. Let be an -Engel Leibniz algebra over a field .
Then the Engel identity is equivalent to

Proof. Suppose that
we have

Then

Since

is not divisible by

This implies the Engel identity. Now we consider

for

By using bilinear property, we get

we obtain
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where

is the sum of the monomials not divisible by

the sum of the monomials from
By taking

we obtain

not divisible by
. By taking

,

is

and so on.
we obtain

Continuing this process, we finally have that
□
In this note, in particular, we focus on the case
Leibniz algebra

In a -Engel

and

By subtracting (3.2) from (3.1), we obtain

If

, we have

4. -Engel Leibniz algebras
In this section we investigate
that an algebra

(i)
(ii)
(iii)
(iv)

-Engel Leibniz algebras. To show

is -Engel Leibniz algebra, we need to show that for all
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By (ii), (iii) and (iv), the algebra satisfies the -Engel identity.
Theorem 4.1. Suppose that
and

is nilpotent of class

is a finite dimensional Leibniz algebra
Then

is -Engel Leibniz algebra.

namely for all

Proof.
for

. Hence

This implies the Engel identity. Therefore,

is -Engel Leibniz algebra. □
The main result of this paper is the following.
Theorem 4.3. If

is nilpotent, then

Proof. Suppose that
. Therefore,

is -Engel Leibniz algebra.

is nilpotent and

and

so that if
plies -Engel identity. Thus

is the nilpotency class of

For all

then

This im-

becomes -Engel Leibniz algebra. □

5. References
Barnes, D., Engel subalgebras of Leibniz algebras, arXiv:0810.2849v1.
Bloh, A.M., 1965. A generalization of the concept of Lie algebra, Dokl.
Akad. Nauk SSSR, 165, 471-473.
Bloh, A.M., 1971. A certain generalization of the concept of Lie algebra,
Algebra and Number Theory, Moskow. Gos. Ped. Inst. U^cen. 375,
9-20.
Demir, I., Misra C.K. and Ernie, S., 2014. On some structures of Leibniz
algebras, in Recent Advances in Representation Theory, Quantum
Groups, Algebraic Geometry, and Related Topics, Contemporary
Mathematics, vol. 623, Amer. Math. Soc., Providence, RI, pp. 41-54.
Frolova, Y.Y., 2011. The Nilpotency of Leibniz Algebras with Engel
condition, Moscow University Mathematics Bulletin, 66, 3, 136-138.
Loday, J.L., 1993. Une version non commutative des algebres de Lie: les
algebres de Leibniz, Enseign. Math., 39, 269-293.
Gorbatsevich, V., On some basic properties of Leibniz algebras,
arXiv:1302.3345v2.
Loday J.L. and Pirashvili, T., 1993. Universal enveloping algebras of
Leibniz algebras and (co)homology, Math. Ann., 269, (1), 139-158.

36

Nil Mansuroğlu

Kurdachenko, L.A. and Chupordia, V.A., 2017. On some minimal Leibniz
algebras, Journal of Algebra and Its App., 16, no.2, 1-16.
Jacobson, N., 1979. Lie Algebras, Dover.
Zelmanov, E.I., 1987. Engel Lie Algebras, Dokl. Akad. Nouk SSSR, 292,
2, 265.

Chapter 4
C SEGMENT AUTOMOBILE SELECTION BY
USING ELECTRE METHOD1

Nuray GIRGINER2, Lokman DAL3

1 This study is derived from the paper presented at the 4th International GAP Business Sciences
and Economics Congress held at Harran University between 29 November and 01 December 2019.
2 Prof.Dr., Eskisehir Osmangazi University, Faculty of Economics and Administrative Sciences, Business Administration Department, ngirginer@gmail.com, ORCID: 0000-0003-1228-5800
3 Ph.D. Student, Eskisehir Osmangazi University, Social Sciences Institute, Business Administration Division, lokmandal1986@gmail.com, ORCID: 0000-0002-8932-8744

Academic Studies in Science and Mathematics - II

39

1. INTRODUCTION
Decision making may be defined as making the most appropriate
choice among the multiple choices that any person encounters. People or
institutions may face many problems in daily life. In these cases, it may often be the problem of which of the multiple solutions can give the most appropriate answer to the need. Criteria, value judgments, needs, standards,
etc. that form the basis of the choice of person or institutions can make the
problem even more complicated and cause the decision maker to falter.
Human beings can often be intuitive in their multi-criteria choice. However, researches have shown that heuristic behavior is not sufficient for
complex and vital decisions, although it is sufficient for making everyday
decisions (Saaty, 1994).
Multi-Criteria Decision Making (MCDM) techniques are analytical
methods that consist of more than one criterion and that systematically
solve the problem of people in line with the importance they attach to the
criteria. These methods began to be developed in the 1960s, when a number of tools were needed to assist decision making (Saaty, 1980).
Multi-Criteria Decision Making techniques are examined under 4
sub-titles: basic methods, single synthesis criterion methods, sorting methods and interactive methods. Under these subtitles, there are many methods like AHP, TOPSIS, PROMETHEE, MACHBETH, VIKOR, STEM
etc.. One of these methods is the ELECTRE method, which is one of the
ranking methods.
It is understood from the current literature that there are many studies
done with the ELECTRE method. These studies are classified and summarized in Table 1.
Table 1. Some Studies On ELECTRE Method
Title

Source

Company/Supplier Selection

Birgun and Cihan, 2010
Kılıcogulları et al., 2012
Yavuz, 2013
Arslan and Uysal, 2017
Wan et al., 2017
Shojaie et al., 2018
Ji et al., 2018
Nasution et al., 2020
Arslankaya, 2020
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Performance Evaluation

Karacasu, 2007
Sonmez et al., 2010
Urfalıoglu and Genc, 2013
Ozbek, 2015
Dash, 2016
Gunay and Kaya, 2017
Allegro and Giambalvo, 2019

Service Quality Assessment

Celik and Ustasuleyman, 2015
Uludag and Dogan, 2016

Location Selection Problems

Yucel and Ulutas, 2009
Akyuz and Soba, 2013
Soba, 2014
Ghoseiri and Lessan, 2014

Keles and Tunca, 2015
Turan and Turan, 2016
Kumar et al., 2016
Pereira et al., 2019

In the literature, there are also studies on tool/equipment selection problems which are used Multi Criteria Decision Making methods.
Some of these studies can be summarized as follows: Ballı et al. (2007)
addressed the automobile selection problem according to the criteria expressed in linguistic values and used the Fuzzy PROMETHEE method.
Yurekli (2008) was solved the most suitable attack helicopter problem to
meet the needs of the Turkish Armed Forces with five ELECTRE methods
under specified criteria within the scope of ATAK project. Ertuğrul and
Karakasoğlu (2010) discussed the laptop selection problem in a business
by using ELECTRE and Fuzzy Analytical Hierarchy Process methods together. Athawale and Chakraborty (2011) used the ELECTRE II method
to determine the most suitable material handling equipment. Chatterjee et
al. (2014) discussed the issue of automatic medical examination device
selection by using ELECTRE methods.
In this study, it was tried to solve a specific person’s C segment automobile selection problem. 9 different brands of C segment automobiles
determined by a specific consumer were compared by means of ELECTRE
method. Weights and scale ranges were determined according to the order
of importance of the criteria decided by the consumer. The most important
7 features of the automobiles were scored by making internet research.
As a result of matrixes and calculations, the most suitable options for the
criteria were sorted to the consumer.

2. ELECTRE
ELECTRE (Elemination and Choice Translating Reality), introduced
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first by Roy, Beneyoun et al. in 1966, is widely used in many real-life decision making issues like appropriate location selection, device/equipment
selection, water management strategy selection, recruitment for companies
etc. (Figueira et al. 2012:61). ELECTRE has the meaning of “elimination
and choice that reflects the truth” (Turan and Turan, 2016:20) and is based
on bilateral superiority comparisons between alternatives for each evaluation factor. In ELECTRE method process, there are 8 steps for solving any
problem.
2.1. ELECTRE Method Process Steps
ELECTRE method process steps are briefly described below.
2.1.1. The First Step: Creating The Decision Matrix (A)
The first step in decision making with ELECTRE method is to create
the Decision Matrix (A) by the decision maker. The Decision Matrix is
also known as initial matrix. Alternatives belonging to the advantages to be
lined up in the lines of the matrix and the evaluation factors to be used in
decision making are written in the columns and shown as below.
 a1
a
 21
 .
Aij = 
 .
 .

a m1

a12
a2

am2

...
...

a1n 
a 2 n 
. 

. 
. 

... a mn 

In the Aij matrix, m shows the number of alternatives and n shows the
number of evaluation factors.
2.1.2. The Second Step: Creating The Standard Decision Matrix
(X)
The Standard Decision Matrix is calculated by using the matrix A elements. The formula below is used for the calculation.
xij =

aij
m

∑a
k =1

2
k
j

After calculations, the X matrix is created as follows:
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 x1
x
 21
 .
X ij = 
 .
 .

 x m1

x12
x2

xm2

...

x1n 
... x 2 n 
. 

. 
. 

... x mn 

2.1.3. The Third Step: Creating the Weighted Standard Decision
Matrix (Y)
Evaluation factors may differ in importance for the decision maker. In
order to reflect these differences to the solution, Y matrix is calculated. The
decision maker should first determine the weights (wi) of the evaluation
factors.
n

( ∑ wi = 1 )
i =1

Then, the Y matrix is created by multiplying the elements in each column of the X matrix by the corresponding wi value. The Y matrix is shown
below:
 w1 x1 w2 x12 ... wn x1n 

w x
 1 21 w2 x 2 ... wn x 2 n 
 .
. 
Yij = 

. 
 .
 .
. 


 w1 x m1 w2 x m 2 ... wn x mn 
2.1.4. The Fourth Step: Determining Concordance (Ckl) and
Discordance (Dkl) Sets
In this step, Concordance (Ckl) and Discordance (Dkl) values are determined based on the Y matrix. When determining the Concordance (Ckl) and
the Discordance (Dkl) sets these formulas are used below.

C kl = {j , y kj ≥ y lj }
Dkl = {j , ykj < ylj } = j − Ckl
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2.1.5. The Fifth Step: Creating Concordance (C) and Discordance
(D) Matrices
The elements of the Concordance Matrix (C) are calculated via the
following formula:

Ckl =

∑w

j∈C kl

j

After calculations, C matrix is found and it is mxm in size as seen
below.
 − c12 c13 ... c1m 
c
− c 23 ... c 2 m 
 21
 .
. 
C=

. 
 .
 .
. 


c m1 c m 2 c m3 ... − 

The elements of the Discordance Matrix (D) are calculated via the
following formula:

max ykj − ylj
Dkl =

j∈Dkl

max ykj − ylj
j

Like the C matrix, the D matrix is mxm in size and does not take values for k=1. The D matrix is shown below:
 − d12 d13 ... d1m 
d
− d 23 ... d 2 m 
 21
 .
. 
D=

. 
 .
 .
. 


d m1 d m 2 d m3 ... − 

2.1.6. The Sixth Step: Creating Concordance Superiority (F) and
Discordance Superiority (G) Matrices
The Concordance Superiority Matrix (F) is mxm in size. The concordance threshold value (c) is found via following formula:
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c=

m m
1
c kl
∑∑
m(m − 1) k =1 l =1

m in the formula shows the number of decision points. More specifically, the value of c equals to the product of the sum of the elements forming

1
m(m − 1)

and matrix C.

The elements of matrix F (fkl) take either 1 or 0 values and there is no
value as it indicates the same alternatives on the diagonal of the matrix. If,

c kl ≥ c ⇒ f kl = 1 and c kl < c ⇒ f kl = 0
The Discordance Superiority Matrix (G) is also mxm in size and it is
created similarly to the F matrix. The discordance threshold value (d) is
found via the following formula:

d=

m m
1
∑∑ d kl
m(m − 1) k =1 l =1

The value of d equals to the product of the sum of the elements forming

1
m(m − 1)

and matrix D.

The elements of the matrix G (gkl) take either 1 or 0 values, and there
is no value since it shows the same decision points on the diagonal of the
matrix. If,

d kl ≥ d ⇒ g kl = 1 and d kl < d ⇒ g kl = 0
2.1.7. The Seventh Step: Creating Total Dominance (E) Matrix
The elements of the Total Dominance Matrix E (ekl) are
mutual product of the fkl and gkl elements. The matrix E is
mxm-sized depending on the matrices C and D, and again consists of either
1 or 0 values.
2.1.8. The Eighth Step: Determining the Importance Order of
Decision Points
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Rows and columns of matrix E show decision points. For example, if
the matrix E is calculated as follows,

− 0 0 
E =  1 − 0  e21 = 1, e31 = 1 and e32 = 1
 1 1 −
This shows the absolute superiority of the 2nd decision point to the 1st
decision point, the 3rd decision point to the 1st decision point and the 3rd
decision point to the 2nd decision point. In this case, if the decision points
are expressed with the symbol Ai(i=1,2,….,m), the order of importance of
the decision points will be A3, A2 and A1.

3. CASE STUDY
Many people consider quite a lot of criteria when they want to buy
an automobile. Many factors like vehicle’s body type, color, price, performance, consumer satisfaction, warranty, service quality, safety, fuel
consumption, design, second-hand market etc. are some criterias that decision makers consider. In this study, 9 different brands of automobiles
determined in line with the basic needs of a specific person were compared
with ELECTRE method in the context of the consumer’s criteria. The best
options that meet the needs of the consumer’s problem were listed.
The person planned to buy a brand-new C segment automobile with
diesel, between 1.499 cc. and 1.600 cc. engine cylinder capacity, hatchback
(5 doors), automatic transmission and equipped with the highest package.
Although there were many cars with these features, the person couldn’t
make a decision, but finally assigned 9 options below as a result of his
research and appreciation. These options were:
1. Opel Astra-K Excellence
2. Volkswagen Golf Highline
3. Seat Leon Xcellence
4. Audi A3 Design
5. Honda Civic Executive
6. Ford Focus Titanium
7. Peugeot 308 Allure
8. Fiat Egea Lounge
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9. Hyundai i30 Elite
The criteria that determine the importance of 9 different models are
listed by the consumer as follows.
Price: The person thought to buy a car that he desire with the most
affordable price; and for this, he preferred the lowest price as a first criteria.
While scoring process, it was assigned that any car with the highest score
would be the car with the lowest price. Therefore, the brand-new prices
of the cars included in the options were found from related websites and
scoring was made.
Safety: It was preferred that the vehicle to be purchased has the highest level of safety compared to it’s peers. Accordingly, scoring was made
by taking into account the test scores of the latest version of the cars in
options, which entered the Euro NCAP test. For calculating the test scores,
the arithmetic mean of the adult passenger, child passenger, pedestrian
and safety assistant percentage scores, in which the models were evaluated
in Euro NCAP tests, were taken into account.
Performance: The option was expected to have the highest performance compared to its peers. The criterion to be considered in performance
scoring would be 0-100 km. values (the speed up time) of the cars. For this,
the technical information of each model about 0-100 km. speed reaching
values were determined from the websites. The vehicle with the lowest
duration was given the highest score.
Fuel Consumption: The average amount of fuel that each car consumes in every 100 km. in urban and intercity distances varies. The car was
required to have the lowest fuel consumption in both urban and intercity
use. For this, the average amount of mixed fuel consumed by each model
in every 100 km. was found on related websites. Afterwards, scoring was
made accordingly and the car with the lowest consumption was given the
highest score.
Second-Hand Market: The person wanted to sell his car in a short
time when he thought of the possibility of not being satisfied with the car or
extraordinary situations such as needing urgent money. For this, he wanted
the car to be the best in the second-hand market relatively to other 8 cars.
For this purpose, the numbers of 9 cars for sale in a popular vehicle trading
website in Turkey have been found. The highest rating was made for the
car with a high amount of sales on the website.
Customer Satisfaction: Customer satisfaction of the cars’ brands in
the options was important for the person. In order to evaluate the level of
people’s satisfaction from the 9 different brands, data was collected from
a widely used complaint website which was very popular in Turkey. In the
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website, there were customer representatives of member brands and they
can respond to complaints as soon as possible. Accordingly, the scoring
was made by taking into consideration the number of complaints and appreciations of customers for the brands and the percentage of general brand
satisfaction.
Warranty Period: The person wanted the vehicle to be the brand that
provides the longest warranty period in year (or warranty in km.), as the
vehicle had an automatic gearbox and he had to take into account the costs
of possible malfunctions. Accordingly, the highest rating was made for the
car brand, which gave the highest warranty period in years or km.

4. APPLICATION AND FINDINGS
For the implementation of the ELECTRE method, each of the criteria
must have a numerical weight and scale value. The scale length can be chosen arbitrarily when determining the scale ranges of the criteria. However,
considering the importance order of the criteria, it is useful to give the largest scale value to the criterion with the highest severity. Similar situation
is valid for weights. The criterion with the highest severity has the highest
weight (Yucel and Ulutas, 2009:337).
Table 2 shows the options and criteria. The scale values of the criteria
with the same weights are based on the same. This is because it provides
ease of process. Safety and Performance criteria have the same importance.
For this reason, the same scale and weight are taken into account.

Honda Civic Executive

Ford Focus Titanium

Peugeot 308 Allure

Fiat Egea Lounge

Hyundai i30 Elite

Weigh

8

4

9

3

5

6

7

8

10

7

(3-10)

SAFETY

8

7

8

9

8

7

7

2

6

6

(1-9)

PERFORMANCE 8

5

8

5

4

4

9

6

6

6

(1-9)

1

2

3

3

3

2

5

4

3

1

(1-5)

5

7

4

6

2

4

3

5

3

4

(1-7)

FUEL
CONSUMPTION
SECOND-HAND
MARKET

Scale

Audi A3 Design

PRICE

Criteria

Options

Seat Leon Xcellence

Opel Astra-K Excellence

Volkswagen Golf Highline

Table 2. Options and Criteria Table
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CUSTOMER
SATISFACTION
WARRANTY
PERIOD

2

2

2

2

1

3

6

2

3

2

(2-6)

6

6

6

6

7

5

6

8

5

5

(5-8)

4.1. Creating Matrices

In ELECTRE method, three types of matrices are used: Concordance
Matrix, First Discordance Matrix and Second Discordance Matrix.
4.1.1. Creating The Concordance Matrix
Situations where the options are dominant or equal in relation to each
other are taken into consideration when creating the concordance matrix.
For example, when compared the dominance and equality between Opel
Astra-K Excellence and Volkswagen Golf Highline options in Table 1, it is
understood that Opel Astra-K Excellence option is dominant on Volkswagen Golf Highline in terms of price, safety, performance criteria. On the
other hand, they are equal in customer satisfaction and warranty period
criteria. For this reason, the criteria of Opel Astra-K Excellence option
higher or equal than Volkswagen Golf Highline option are take into consideration and divided by the total weight value. Opel Astra-K Excellence’s
concordance superiority to Volkswagen Golf Highline is calculated as;
=(7+6+6+2+5)/31=0,84. This value is written in the area where the Opel
Astra-K Excellence column coincides with the Volkswagen Golf Highline
line. All options are compared with each other in this way, and the concordance matrix is created. The Concordance Matrix is shown in Table 3.

Seat Leon
Xcellence

Audi A3
Design

Honda Civic
Executive

Ford Focus
Titanium

Peugeot 308
Allure

Fiat Egea
Lounge

Hyundai i30
Elite

Opel Astra-K
Excellence

Volkswagen
Golf Highline

Opel Astra-K
Excellence

Table 3: The Concordance Matrix

0,39

0,87

0,58

0,39

0,10

0,45

0,61

0,32

0,87

0,65

0,61

0,52

0,87

0,68

0,52

0,58

0,39

0,19

0,45

0,39

0,32

0,42

0,29

0,68

0,68

0,52

0,61

0,65

0,81

0,65

0,87

0,74

0,68

Volkswagen
Golf Highline

0,84

Seat Leon
Xcellence

0,74

0,35

Audi A3
Design

0,65

0,77

0,68

Honda Civic
Executive

0,81

0,39

0,84

0,61

Ford Focus
Titanium

0,90

0,71

0,94

0,71

0,58
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Peugeot 308
Allure

0,71

0,48

0,71

0,48

0,35

0,32

Fiat Egea
Lounge

0,69

0,39

0,68

0,39

0,19

0,26

0,48

Hyundai i30
Elite

0,58

0,48

0,71

0,52

0,39

0,55

0,77

0,52
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0,35
0,68

0,52

4.1.2. Creating The First Discordance Matrix
In order to create the First Discordance Matrix, the criteria where the
options are dominant are selected and the criterion with the highest score
difference for the options is determined. The difference value is divided by
the largest scale length and the first number of incompatibilities is found.
For example, the criteria that Opel Astra-K Excellence dominates the Volkswagen Golf Highline are price, safety and performance. The criterion
with the highest score difference among these criteria is;
max [(8-4=4), (8-7=1), (8-5=3)]=4, that is, it seems to be the price.
Since the highest value in the scale is 8, it is found as 4/8 = 0.50. This
value is the first discordance (biggest discordance) number of the Volkswagen Golf Highline option compared to the Opel Astra-K Excellence option.
It is written in the area where the Volkswagen Golf Highline column and
the Opel Astra-K Excellence row overlap. These processes are performed
for all options and the First Discordance Matrix is created. Table 4 shows
the First Discordance Matrix.

Seat Leon
Xcellence

Audi A3
Design

Honda Civic
Executive

Ford Focus
Titanium

Peugeot 308
Allure

Fiat Egea
Lounge

Hyundai i30
Elite

Opel Astra-K
Excellence

Volkswagen
Golf Highline

Opel Astra-K
Excellence

Table 4. The First Discordance Matrix

0,50

0,11

0,56

0,50

0,50

0,22

0,75

0,20

0,33

0,11

0,63

0,43

0,44

0,63

0,40

0,67

0,44

0,44

0,22

0,67

0,20

0,44

0,22

0,33

0,78

0,30

0,25

0,11

0,75

0,20

0,11

0,63

0,10

Volkswagen
Golf Highline

0,25

Seat Leon
Xcellence

0,11

0,56

Audi A3
Design

0,22

0,22

0,22

Honda Civic
Executive

0,25

0,13

0,11

0,22

Ford Focus
Titanium

0,13

0,29

0,11

0,33

0,25
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Peugeot 308
Allure

0,44

0,44

0,44

0,44

0,56

0,56

Fiat Egea
Lounge

0,38

0,50

0,22

0,56

0,38

0,38

0,22

Hyundai i30
Elite

0,20

0,60

0,10

0,70

0,50

0,40

0,30

0,56

0,30
0,30

0,40

4.1.3. Creating The Second Discordance Matrix
In determining the Second Discordance Matrix, the process for determining the First Discordance Matrix is applied. However, the criterion with the second highest score difference for the options is determined.
The difference value found is divided by the largest scale length to find
the Second Discordance Number. As it was remembered, we determined
the criteria in which Opel Astra-K Excellence is dominant on Volkswagen
Golf Highline to create the first mismatch matrix in terms of price, safety
and performance. The criterion with the second highest score differences
among these criteria;
max [(8-4=4), (8-7=1), (8-5=3)]=3, that is, it seems to be the performance.
Since the highest value in the scale is 8, it is found as 3/8 = 0.38. This
value is the second discordance number of the Volkswagen Golf Highline
option compared to the Opel Astra-K Excellence option. The result is written in the area where the Volkswagen Golf Highline column and the Opel
Astra-K Excellence row overlap. These processes are also performed for
all options and the Second Discordance Matrix is created. Table 5 shows
the Second Discordance Matrix.

Seat Leon
Xcellence

Audi A3
Design

Honda Civic
Executive

Ford Focus
Titanium

Peugeot 308
Allure

Fiat Egea
Lounge

Hyundai i30
Elite

Opel Astra-K
Excellence

Volkswagen
Golf Highline

Opel Astra-K
Excellence

Table 5. The Second Discordance Matrix

0,38

0,00

0,33

0,38

0,13

0,11

0,25

0,20

0,00

0,11

0,13

0,14

0,00

0,25

0,10

0,33

0,44

0,33

0,11

0,22

0,20

0,11

0,22

0,22

0,11

0,30

Volkswagen
Golf Highline

0,13

Seat Leon
Xcellence

0,22

0,33

Audi A3
Design

0,11

0,11

0,11
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Honda Civic
Executive

0,13

0,13

0,00

0,11

Ford Focus
Titanium

0,13

0,14

0,00

0,11

0,25

Peugeot 308
Allure

0,44

0,44

0,22

0,44

0,56

0,33

Fiat Egea
Lounge

0,25

0,25

0,11

0,22

0,38

0,25

0,22

Hyundai i30
Elite

0,20

0,10

0,10

0,10

0,20

0,20

0,00

0,13
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0,11

0,00

0,20

0,00

0,13

0,10

0,44

0,30
0,20

0,20

4.2. Finding The Threshold Value and Creating The Threshold
Matrix
The Threshold Value is the numbers required to reach the solution
from the matrices. These numbers are;
• p: Indicates The Concordance Matrix, boxes that are greater than
or equal to this value are selected.
• q: Indicates The Discordance Matrix, boxes that are less than or
equal to this value are are selected.
•

s: Indicates whether The Discordance Matrix is first or second.

If the same field is filled in both matrices, that field is crossed out by
typing “X”. Since it is a middle value compared to other values, p value
was chosen as 0,6 for The Concordance Matrix. It was determined as s=1.
In other words, The First Discordance Matrix will be taken into consideration first. If the result is not found here, it will be passed to The Second
Discordance Matrix and the q value can be changed.
Because it is considered to be an average value, the q value was chosen as 0,3 for The First Discordance Matrix,
Values greater than or equal to 0,6 are marked with yellow color in
the The Concordance Matrix and values less than or equal to 0,3 are also
marked yellow color in The First Discordance Matrix. The table regarding
all of these markings is shown in Table 6.

Audi A3
Design

Honda Civic
Executive

Ford Focus
Titanium

Peugeot 308
Allure

Fiat Egea
Lounge

Hyundai i30
Elite

Opel Astra-K
Excellence

Seat Leon
Xcellence

( p ≥ 0,6 )

Volkswagen
Golf Highline

The
Concordance
Matrix

Opel Astra-K
Excellence

Table 6. The Concordance Matrix Markings

0,39

0,87

0,58

0,39

0,10

0,45

0,61

0,32
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0,61

0,52

0,87

0,68

0,52

0,58

0,39

0,19

0,45

0,39

0,32

0,42

0,29

0,68

0,68

0,52

0,61

0,65

0,81

0,65

0,87

0,74

0,68

0,52

0,35

0,77

0,68

0,39

0,84

0,61

0,71

0,94

0,71

0,58

0,48

0,71

0,48

0,35

0,32

0,39

0,68

0,39

0,19

0,26

0,48

0,48

0,71

0,52

0,39

0,55

0,77

0,52

Ford Focus
Titanium

Peugeot 308
Allure

Fiat Egea
Lounge

Hyundai i30
Elite

0,68

Honda Civic
Executive

Volkswagen
0,25
Golf Highline
Seat Leon
0,11
Xcellence
Audi A3
0,22
Design
Honda Civic
0,25
Executive
Ford Focus
0,13
Titanium
Peugeot 308
0,44
Allure
Fiat Egea
0,38
Lounge
Hyundai i30
0,20
Elite

0,35

0,65

Audi A3
Design

Opel Astra-K
Excellence

0,87

Seat Leon
Xcellence

( q ≤ 0,3 )

Opel Astra-K
Excellence

Volkswagen
0,84
Golf Highline
Seat Leon
0,74
Xcellence
Audi A3
0,65
Design
Honda Civic
0,81
Executive
Ford Focus
0,90
Titanium
Peugeot 308
0,71
Allure
Fiat Egea
0,69
Lounge
Hyundai i30
0,58
Elite
The First
Discordance
Matrix

Volkswagen
Golf Highline

52

0,50

0,11

0,56

0,50

0,50

0,22

0,75

0,20

0,33

0,11

0,63

0,43

0,44

0,63

0,40

0,67

0,44

0,44

0,22

0,67

0,20

0,44

0,22

0,33

0,78

0,30

0,25

0,11

0,75

0,20

0,11

0,63

0,10

0,56

0,30

0,56
0,22

0,22

0,13

0,11

0,22

0,29

0,11

0,33

0,25

0,44

0,44

0,44

0,56

0,56

0,50

0,22

0,56

0,38

0,38

0,22

0,60

0,10

0,70

0,50

0,40

0,30

0,30
0,40
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After markings in Table 6, the matrices are placed on top of each other and a cross is placed in the boxes where the signs intersect, and The
Threshold Matrix is created and shown in Table 7.

Hyundai i30
Elite

X

X

X

X

X

Fiat Egea
Lounge

Honda Civic
Executive

Audi A3
Design

Peugeot 308
Allure

Volkswagen
Golf Highline
Seat Leon
Xcellence
Audi A3
Design
Honda Civic
Executive
Ford Focus
Titanium
Peugeot 308
Allure
Fiat Egea
Lounge
Hyundai i30
Elite

Ford Focus
Titanium

Opel Astra-K
Excellence

Seat Leon
Xcellence

Volkswagen
Golf Highline

Opel Astra-K
Excellence

Table 7. The Threshold Matrix

X
X

X

X
X

X

X
X

X
X

X

X

X

X
X

X
X

“X” signs indicate that the option in the column is superior to the option in the row.

5. CONCLUSION
In this study, where a C segment automobile selection problem was
addressed, 9 cars were sorted using the ELECTRE method in line with the
main criteria determined by a specific person. The criteria that constitute
the basis for the selection of the cars were price, safety, performance, fuel
consumption, second-hand market, customer satisfaction and warranty
period. Weighting was made in line with the mentioned criteria and the
importance placed by the person (decision maker) on the criteria, and the
information collected about the alternatives was scored.
Concordance and discordance matrices were calculated by using
ELECTRE method. Since the First Discordance Matrix responds to the
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solution, there was no need to use the Second Discordance Matrix. According to the markings made as a result of the analysis, the following options
for the solution of the C segment automobile selection problem were determined to be the best solution, respectively.
1. Peugeot 308 Allure,
2. Opel Astra-K Excellence, Seat Leon Xcellence,
3. Volkswagen Golf Highline, Hyundai i30 Elite, Fiat Egea Lounge,
4. Audi A3 Design,
5. Ford Focus Titanium,
6. Honda Civic Executive.
The results which were found by using ELECTRE method and
listed above were subjective. In the application of the ELECTRE method, the aim is not to find the best or the worst, but to determine the most
suitable options for the criteria determined by any decision maker. If the
importance given to the criteria and scoring changes, then the results may
also change. ELECTRE method only sorts the options according to criteria. The final decision belongs to decision maker. ELECTRE is a useful
method for sorting alternatives to decision makers for problem solving.
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1. Introduction
The demand for probiotic and prebiotic products is gradually increasing [1,2]. Probiotic microorganisms can reinforce immune response and
the intestinal barrier while preventing the negative effects of pathogens
[3,4]. Prebiotics, on the other hand, are short-chain carbohydrates that selectively enrich the activity of certain beneficial bacteria groups and they
cannot be digested by digestive enzymes in humans [5]. Kefir contains
plenty of probiotics and prebiotics [6]. Many potential health studies were
conducted on fermented cow, sheep and goat milk in addition to kefir,
which is known as the main source of probiotics [7,8].
0.1. Properties of Kefir
Kefir is a foamy, dense and slightly sour beverage that has been produced in the Caucasus region since old times and commercially manufactured in Europe and America today [9]. It was originally an acidic-alcoholic fermented milk product made in the Balkans, Eastern Europe and the
Caucasus Region [10].
Kefir grains have an irregular shape with miscellaneous dimensions
and a diameter ranging between 0.3 and 2 cm. Kefir grains have an indented and elastic surface that can be white or slightly yellowish. The grains
consist of microbial cells, metabolic products of microbial cells, coagulated milk proteins and carbohydrates [11]. Kefir grains are a community
where bacteria and yeast exist together and it has a similar appearance to
cauliflower [12]. These grains swell when placed in milk and become whiter. After the fermentation of the milk is completed and the slightly sour,
dense, refreshing and foamy (due to the CO₂ it contains) kefir is produced,
the grains can be percolated and reused many times [13].
Various traditional and industrial methods are used for the production
of Kefir. While the traditional production method of Kefir involves adding
kefir grains to milk directly, different methods can be used in the industrial
process [6]. Traditional kefir can be obtained at home using kefir grains
with fresh or pasteurized cow, goat, sheep, coconut, rice or soy milk [14].
Kefir is a fermented product that is known for its potential health benefits related to the microbial species it contains and kefir fermentation [15].
Kefir grains contain a rich microbial community consisting of yeast and
bacterial microflora responsible for Kefir fermentation [16]. 65-80% of the
microbial structure in kefir consists of lactobacilli while 20% consists of
streptococci and 5% consists of yeast [17]. Previous studies have revealed
that the regular consumption of kefir has antioxidant, anticarcinogenic,
antiallergic, antidiabetic and antibacterial effects, regulates the immune
system and cholesterol, and reduces lactose tolerance and blood pressure
[18-21].
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0.2. Nutritional Content
Kefir contains all of the nutrients in milk. Additionally, it has been
reported that kefir includes certain fatty acids and aminoacids, which are
very important for the human body and can only be taken through nutrients
[20]. Kefir includes vitamins such as B1, B2, B6, B12, folic acid, vitamin
K and biotin (vit H). It also contains microminerals such as calcium, phosphorus, potassium and magnesium, and macrominerals such as zinc, copper, manganese, iron and cobalt [6,18,22]. By consuming 175ml of kefir,
approximately 20% of the daily need of calcium and phosphorus can be
met while this rate is 14% for vitamin B12, 19% for vitamin B2 and 5% for
magnesium [23]. Since kefir contains less lactose compared to milk, it is a
good dietary product for individuals with lactose intolerance [22].
0.3. Antimicrobial and Anti-inflammatory Effect
Certain antimicrobial substances and lactic acid produced by the microbial flora constituting kefir grains inhibit the reproduction of pathogenic microorganisms within this ecosystem [24]. In a previous study, it was
shown that kefir could accelerate the healing process of burns with its strong
antibacterial properties [25]. The polysaccharide in kefir has anti-inflammatory activity [26]. In another study stating that kefir had an anti-inflammatory effect, it was reported that kefir also had an antibacterial effect against
pathogens such as salmonella enteritidis, staphylococcus aureus and e.coli
[14,27]. With regard to its antimicrobial effect, kefir was reported to have
a larger bacteriostatic effect on gram-negative bacteria and a larger bactericidal effect on gram-positive bacteria [28]. Additionally, in-vitro studies
have shown that the lactobacilli and other beneficial microorganisms in kefir
inhibited the ability of the harmful microorganisms in the environment to
cause damage [29,30]. It has also been shown that kefir had antimicrobial
activity against various types of pathogenic bacteria and fungi [26,31,32].
0.4. Effects on the Immune System
The regulatory effect of kefir on the immune mechanism has been
shown in both human studies and animal experiments [18,33]. It was revealed that kefir could stimulate innate immune responses against pathogens [34]. After the intake of lactic acid bacteria in kefir, immune activities
were observed in humans and various animals, and it was stated that lactic
acid bacteria increased non-specific resistance to infections or strengthened specific immune reactions [35]. The lactic acid, antibiotics and various bactericides in kefir influence the degradation of pathogens and the inhibition of their reproduction [36]. Kefir is also influential in the protection
of organisms against the negative effects of radiation and the reparation of
the immune system [38].

Academic Studies in Science and Mathematics - II

63

0.5. Antitumoral Effects
In a previous study revealing the antioxidant properties of kefir, it
was shown that kefir reduced lipid peroxidation and positively affected
the antioxidant parameters in the carbon tetrachloride toxicity generated
in mice [38]. Previous studies have shown that kefir had antineoplastic
activity [35]. Kefir, which includes rich and beneficial properties in terms
of health, demonstrates antioxidative, antimicrobial and anticarcinogenic
activity with different health benefits [18,39]. In a previous study on the
antitumoral effects of kefir, 0.5 ml of kefir was given to mice with transplanted fusiform cancer cells every day for 20 days through intraperitoneal injection and a significant reduction in tumor size was observed. It
was also determined that kefir was influential in the elimination of tumoral
necrosis [35]. Furukawa et al. examined the effects of the soluble and insoluble polysachharide fractions of kefir grains on Lewis lung carcinoma
and B16 melanoma cells in mice. It was reported that the soluble fraction
was protective against metastases while the insoluble fraction inhibited
melanoma metastasis [40].
0.6. The Use of Kefir in Burns
It is reported that prebiotic products reinforce the immune system,
accelerate the healing process and reduce inflammation following the accumulation of lymphocyte in the wound area [41;42]. Additionally, the
polysaccharide in kefir contributes to the wound healing process with anti-inflammatory activity [26]. In a previous study, it was revealed that the
topical application of kefir could prevent infection in burn wounds and accelerate the healing process [25]. Huseini et al. (2012) observed that lactic
acid, acetic acid, polysaccharides and other chemicals in kefir are significant factors for the healing process of wounds and that the wounds treated
with kefir were significantly less severe compared to the control, base gel
and silver sulfadiazine dressing groups [26]. In the study conducted by Kamila et al. on rats, it was shown that kefir had better wound-healing activity
compared to treatment with clostebol-neomycin [43]. Similarly, Rodrigues
et al. (2005) reported that rats treated with kefir healed faster compared to
those included in clostebol-neomycin treatment on infected wounds [32].
0.7. Hypocholesterolemic Effect
Probiotic bacteria provide the inhibition of pathogenic microorganisms, increase the digestibility of food, reinforce the immune system, lower blood cholesterol levels and increase the absorption of prebiotics [44]. It
was reported that the addition of kefir, which is a fermented milk product,
to high-cholesterol diets significantly reduced levels of total serum cholesterol and phospholipid in mice [45]. In certain studies, a decrease was
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observed in the total serum cholesterol and phospholipid levels of mice fed
with a high-cholesterol diet supplemented with kefir and it was concluded
that other biological indicators such as high-density lipoprotein (HDL) and
serum triglyceride were not affected by kefir consumption [14]. In another
study, the hypocholesterolemic effects of kefir made from sheep, cow and
goat milk were compared and it was observed that sheep milk produced
better results compared to cow and goat milk [18]. In animal experiments
conducted with fermented dairy products and kefir, a significant reduction
was observed in the serum levels of total cholesterol, low-density lipoproteins (LDL) and triglycerides [46,47]. In addition to the cholesterol-lowering effect and antihypertensive ability of kefir, kefiran was also shown to
improve cholesterol and blood pressure levels [48,49]. It was determined
that the supplementation of kefiran reduced serum total cholesterol, serum LDL cholesterol, serum triglycerides, liver cholesterol, and liver triglycerides in spontaneous hypertensive and stroke-prone rats fed with a
high-fat diet [50].

1. Conclusion
The tendency to consume healthy products has been gradually increasing around the world. The close relationship between health and nutrition
has led to the intensification of studies on the evaluation of nutrients in
terms of health. The demand for functional and natural foods is constantly
increasing due to high-cost health expenditures related to diabetes, heart
disease, cancer and age-associated diseases in particular. In addition to
the nutritional values of foods, it is also of great importance that they are
healthy and safe. Milk and dairy products have been used as highly nutritious animal products in all periods since the inception of humanity. The
consumption of kefir, which is defined as a functional product due to its
health benefits, increases in parallel with this.
It is observed that fermented dairy beverages have acquired a different
position as commonly consumed products that are considered to be important in terms of health and nutrition as a result of the increasing tendency
to prefer natural foods and probiotic products in recent years. It is also observed that the milk companies dominating the global market will continue
to produce these types of products in the future and have been conducting
researches towards marketing them.
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1. Introduction
Plants have been used since ancient times for healing purposes. Plants
belonging to Lamiaceae family are used in traditional treatment because
of the essential oils and it contains about 200 genera and 3000 species
all over the world (Seçmen et al., 2011; Güner, 2014). The genus such as
Mentha L.,Origanum L., Salvia L., Satureja L., Thymbra L. that belonging
to Lamiaceae are mostly used as a source of essential oil (Cinbilgel & Kurt,
2019). Salvia L. is one of the largest genus of this family
(Mesquita
et al., 2019). The genus, which spreads naturally in the temperate, subtropical and tropical regions of the Northern and Southern hemispheres in the
world, contains nearly 1000 species. There are 97 species and 109 taxa in
Turkey (Karık & Sağlam, 2018; Sharifi-Rad et al., 2018). Among them,
Salvia fruticosa Mill. is a perennial plant, endemic to the eastern Mediterranean basin (Duletić-Laušević et al., 2018). S. fruticosa which is the most
collected and used in domestic consumption and exported, is also called
Anatolian sage (Sönmez et al., 2019). In folk medicine, it is used in the
treatment of different diseases. The infusion prepared from the leaves of
S. fruticosa is used in nausea, stomachache, cold, flu and throat infections.
The decoction prepared using the leaves has effects against asthma, whooping cough, diarrhea and stomachache (Tuzlacı, 2006). Essential oil of
S. fruticosa is widely used as a mouthwash due to its antiseptic properties
(Katar et al., 2019).
Although they are systematically different plant species, many plants
are called “thyme” because of thymol and carvacrol contents (Özyazıcı &
Kevseroğlu, 2019). Thymus L., Origanum L., Coridothymus Reichb. fil.,
Thymbra L. and Satureja L. are named as thyme (Hayta & Arabacı, 2011).
The genus of Thymbra L. consist of four species which is called Thymbra calostachya (Rech.f.) Rech.f, Thymbra capitata (L.) Cav., Thymbra
sintesii Bornm.&Azn., Thymbra spicata L. in the Mediterranean region
(Stefanaki et al., 2018). Among them, Thymbra spicata is a widespread
species in Thrace, Aegean, Western and Southeastern Anatolia, coast of
Mediterranean in Turkey (Bozdemir, 2019). T. spicata is used in the treatment of skin disorders, cold, gastrointestinal disorders, hyperglycemia,
insomnia, ophthalmia, sterility, toothache, arteriosclerosis, blood toxicity
and hypercholesterolemia. In addition, this species has antitussive, sedative, analgesic, antirheumatic and antihypertensive effect (Sadikoğlu &Ozhatay, 2019; Kirkan et al., 2019). It is effective against to several pathogens
such as soil-borne plant pathogens, fungi infecting stored products, human
pathogens etc. due to the carvacrol and thymol it contains (Rizzo et al.,
2020). Essential oil of T. spicata consists of major chemical components
such as carvacrol, thymol, α-terpinene, ƴ-terpinene, β-myrcene, p-cymene,
thujene, β-caryophyllene (Karpiński, 2020). Satureja L. is an important
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genus of the Lamiaceae family and it spreads in the Middle East, the Mediterranean, Europe, West Asia, North Africa, the Canary Islands and South
America (Paşa et al., 2019). This genus comprises about 200 species and
40 of them are located in Turkey (Usanmaz Bozhüyük&Kordali, 2019).
Satureja thymbra L. is an aromatic plant, endemic to the Mediterranean
region (Kirkan et al., 2019). S. thymbra has economic and medicinal value
due to the essential oil it contains. Essential oil of S. thymbra has main
chemical components such as thymol, α-terpinene, ƴ- terpinene, p-cymene,
carvacrol, carvacrol methyl ether, β-caryophyllene, caryophyllene oxide
(Karpiński, 2020). S.thymbra has antimicrobial, antioxidant, insecticidal,
antiviral, anticiceptive/analgesic genotoxic, anti-inflammatory, herbicidal,
acaricidal, insect repellent, antiplasmodial, ovicidial and antidiabetic effects (Tepe & Cilkiz, 2016). In addition to this, it is used to treatment of
blood toxicity, paralysis, cough, nephropathy, indigestion, muscle cramp,
nausea , diarrhea and infectious diseases (Kirkan et al., 2019; Sarropoulou
and Maloupa, 2019). This species is also effective against to HSV-1 and
hepatitis B virus (Bekut et al., 2018).
Medicinal and aromatic plants are used in many fields such as food,
cosmetic, textile, medicine and agriculture (Göktaş & Gıdık, 2019). The
export of medicinal and aromatic plants is about $ 303,6 million in Turkey. In export, thyme, opium poppy, laurel, tea, anise, cumin, sage, black
seed, lavender, mahaleb, red pepper and herbal teas are in the first rank.
Especially, Turkey has an important position in export of thyme, leaf of
laurel and opium poppy in the world (Aslan and Karakuş, 2019). While
thyme production was 15 895 tonnes in 2018, it increased to 17 965 tonnes
in 2019. Furthermore, sage (Salvia) production was 1 233 tonnes in 2019
(Anonymous, 2019). The plants which most collected as thyme in Turkey are belonging to the genus of Origanum (Baydar, 2019). Origanum
onites L. has the highest proportion (about 80%) in our country’s thyme
export (Bozdemir, 2019). Cultivation of O. onites is carried out in Denizli
province. Species of thyme like Thymbra capitata (L.) Cav., T. spicata,
Satureja cuneifolia Ten., S. thymbra are mostly consumed in local markets
as spices and tea (Baydar, 2019). Furthermore, this species are harvested
from nature. Cultivation of species that grow even in more difficult conditions such as S. thymbra and T. spicata will increase the amount of thyme
production and more economic gain.
Many medicinal and aromatic plants are successfully produced with
seeds. The thyme is mostly cultivated with seed. Sage is produced by
planting seeds with high germination rate, seedlings obtained from seeds
planted in seedling starter trays and rooted shoot cuttings (Baydar, 2019).
Seed germination consists of many biochemical and physiological processes. There are many factors that affect germination. The most important
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of these is seed viability. Although the seed is viable, germination does not
sometimes occur due to the dormancy. The mucilaginous layer found in
the seed coat causes dormancy in Lamiaceae family and this physiological
event is seen in Salvia (Sönmez, 2019). Seed age is an important factor in
the germination of S. thymbra. The germination percentage of old seeds
is higher than fresh. This is due to the evaporation of essential oils on
walnut-type fruits. The essential oil in the calyx that surrounding the seeds
strongly prevents germination, consequently the substance causes dormancy in seed germination (Tahiroğlu, 2016). Furthermore, the germination
rate of T. spicata is also very low (Hayta & Arabacı, 2011).
The aim of research was to investigate the effects of some applications
on germination rate of Salvia fruticosa, Satureja thymbra and Thymbra
spicata and encourage the cultivation of S. thymbra and T. spicata which
are not cultivated much.

2. Material and methods
2 .1. Seed collection
Germination experiments were carried out with the seeds of S. fruticosa, S. thymbra and T. spicata. Ripe fruits of 3 plant species were collected from their natural habitats in Muğla- Milas, southwestern Turkey in
July 2019. Seeds were removed from fruiting calyxes by hand and stored
paper envelopes under +4°C in RH conditions until the experiment was
conducted.
2.2. Seed germination experiment
This experiment was conducted under laboratory conditions at the Department of Herbal and Animal Production, Manisa Celal Bayar University, Turkey in November 2019. The temperature and relative humidity were
recorded 20.8 – 25.5°C and 31-50% respectively during the experiment.
Before starting the experiments, seeds with similar features were seperated
and surface-sterilized in 1% sodium hypochlorite solution for 5 minutes
subsequently rinsed with deionized water and dried at room temperature.
Germination test were conducted in petri dishes and all treatments were
consisted of 3 replicates per treatment with 10 seeds. After the pre-treatments (Table 1), seeds were placed on double layer moistened filter paper
discs in 9 cm diameter petri dishes. During the experiments, filter papers
were moistened with distilled water when necessary. The experiments
were observed for 21 days. When the radicle length reached 2 mm, the
seeds were considered germinated and germinated seeds were recorded on
daily basis.
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2.3. Pre-treatments on the germination of S. fruticosa
In this experiment, 27 pre-soaking treatments were applied and 810
seeds were used in total. This pretreatments were these respectively; soaking in different concentrations (1000, 1500 and 2000 ppm) of GA3 (24
hours) and KNO3 (0.1%, 0.2%, 0.4% ; 24 hours), soaking in H2O2 (10%) for
different times (5, 10 and 20 minutes) and combined applications of GA3,
KNO3 and H2O2 (Table 1). The control included no pre-soaking treatment.
2.4. Pre-treatments on the germination of S. thymbra and T.
spicata
This experiment was conducted to evaluate the effects of different gibberellic acid concentrations, heat-cold shocks and combined applications
(Table 1). Petri dishes were exposed to different temperatures (60°C, 80°C
and 100°C) for 5 minutes in an incubator and kept in RH (-20°C) for 5, 10
and 20 minutes. Furthermore, seeds were soaking in different GA3 concentration (10 ppm, 50 ppm and 100 ppm) for 24 hours. In addition to this, the
control included no pre-treatment.
2.5. Statistical analysis
Germination percentage was calculated after 7 and 21 days by the following formula (Rahman et al., 2020):
Germination percentage = (Number of seeds germinated / Total number of seeds) × 100
The data that obtained as a result of the study were subjected to analysis of variance with the TARIST statistical analysis program (Açıkgöz et
al., 1994) according to the randomized block design with three replications
and the least significant difference (LSD) test was applied to determine the
significance level of the differences between the applications. The differences were considered statistically significant at p ≤ 0.05.
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Table 1: Different pre-treatments in S. fruticosa, S. thymbra and T. spicata.
Applied pre-treatments and application times

T
(no)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

S. thymbra and T. spicata

S. fruticosa
1000 ppm GA3 (24 h)

60°C (5 ms)

1500 ppm GA3 (24 h)

80°C (5 ms)

2000 ppm GA3 (24 h)

100°C (5 ms)

0.1% KNO3 (24 h)

- 20°C (5 ms)

0.2% KNO3 (24 h)

- 20°C (10 ms)

0.4% KNO3 (24 h)

- 20°C (20 ms)

10% H2O2 (5 ms)

10 ppm GA3 (24 h)

10% H2O2 (10 ms)

50 ppm GA3 (24 h)

10% H2O2 (20 ms)

100 ppm GA3 (24 h)

10% H2O2(5 ms) a.t.1000 ppm GA3 (24 h)

60°C (5 ms) a.t.10 ppm GA3 (24 h)

10% H2O2 (5 ms) a.t.1500 ppm GA3 (24 h)

60°C (5 ms) a.t. 50 ppm GA3 (24 h)

10% H2O2 (5 ms) a.t.2000 ppm GA3 (24 h)

60°C (5 ms) a.t. 100 ppm GA3 (24 h)

10% H2O2(10 ms) a.t.1000 ppm GA3(24 h)

80°C (5 ms) a.t. 10 ppm GA3 (24 h)

10%H2O2 (10 ms) a.t.1500 ppm GA3(24 h)

80°C (5 ms) a.t. 50 ppm GA3 (24 h)

10% H2O2(10 ms) a.t.2000 ppm GA3(24 h)

80°C (5 ms) a.t. 100 ppm GA3 (24 h)

10%H2O2 (20 ms) a.t.1000 ppm GA3(24 h)

100°C (5 ms) a.t. 10 ppm GA3 (24 h)

10% H2O2(20 ms) a.t.1500 ppm GA3(24 h)

100°C (5 ms) a.t.50 ppm GA3 (24 h)

10%H2O2 (20 ms) a.t.2000 ppm GA3(24 h)

100°C (5 ms) a.t. 100 ppm GA3 (24 h)

10% H2O2 (5 ms) a.t. 0.1 % KNO3 (24 h)

- 20°C (5 ms) a.t.10 ppm GA3 (24 h)

10% H2O2 (5 ms) a.t. 0.2 % KNO3 (24 h)

- 20°C (5 ms) a.t. 50 ppm GA3 (24 h)

10% H2O2 (5 ms) a.t. 0.4 % KNO3 (24 h)

- 20°C (5 ms) a.t. 100 ppm GA3 (24 h)

10% H2O2 (10 ms) a.t. 0.1 % KNO3 (24 h)

- 20°C (10 ms) a.t. 10 ppm GA3 (24 h)

10% H2O2 (10 ms) a.t. 0.2 % KNO3 (24 h)

- 20°C (10 ms) a.t. 50 ppm GA3 (24 h)

10% H2O2 (10 ms) a.t. 0.4 % KNO3 (24 h)

- 20°C (10 ms) a.t. 100 ppm GA3 (24 h)

10% H2O2 (20 ms) a.t. 0.1 % KNO3 (24 h)

- 20°C (20 ms) a.t. 10 ppm GA3 (24 h)

10% H2O2 (20 ms) a.t. 0.2 % KNO3 (24 h)

- 20°C (20 ms) a.t. 50 ppm GA3 (24 h)

10% H2O2 (20 ms) a.t. 0.4 % KNO3 (24 h)

- 20°C (20 ms) a.t. 100 ppm GA3 (24 h)

CONTROL

CONTROL

Abbreviations. a.t.: and then, h: hours, ms : minutes, t: treatment
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3. Results and discussion
3.1. Effect of different treatments to germination in S. fruticosa
27 different pre-treatments were tested and whether they are statistically significant (p ≤ 0.05) or not are indicated in Tables 2 -6. On the 7th
day, the maximum germination percentage (30%) was obtained from T3.
It was observed that the germination percentage increases with increasing
gibberellic acid doses unless used with other applications. On the 21st day,
the best germination percentage (40%) was achieved at T19. Doses of 0.1 1% potassium nitrate have a positive effect on germination (Er & Başalma,
2014). Furthermore, at the end of the twenty-first day, 30% germination
was obtained in the T3, T6 and T13. It was observed that when only GA3
and only KNO3 were applied, increasing the dose increased germination
but when applied with 10% H2O2, it decreased the germination percentage. When GA3 and H202 are applied together, they should be kept in 10%
H202 for 10 minutes and 1000 ppm GA3 should be used but when KNO3
and H202 are used together, they should be kept in H202 for 5 minutes and
then 0.1%KNO3 should be tried. Furthermore, the germination percentage
decreased as the waiting time and KNO3 dose increased. It was determined
that 5 minutes of waiting is sufficient when 10% H202 is applied only and
excessive waiting time has adverse effects. In the control, germination rate
was determined as 10% on both the 7th and 21st days because of the seed
coat dormancy (Sönmez et al., 2019). Gibberellic acid breaks dormancy
and increases germination percentage (Shu et al., 2015). It has been determined that gibberellic acid has a positive effect on germination in germination studies of this species (Özcan et al., 2014; Sönmez et al., 2019). The
most important feature of gibberellic acid is that it increases the division,
elongation and permeability of the cells. It also enables the production of
other hydrolytic enzymes such as alpha amylase, protease and ribonuclease in seed. The enzymes break down the starch and the formed glucose
is carried into the embryo, the water potential decreases and the seed gets
more water. The radicle emerges from the seed coat and germination reaches its peak (Fletcher and Sopher, 2000; Hopkins & Hüner, 2004). It was
observed that different applications are effective on the germination rate.
The first germination was detected on the 4th day in T12 and germination
was observed earlier than control. Although H2O2 application alone did not
accelerate germination, its use with GA3 increased the germination rate.
3.2. Effect of different treatments to germination in T.spicata and
S.thymbra
27 different pre-treatments were applied per species and whether they
are statistically significant (p ≤ 0.05) or not are indicated in Tables 7-11.
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On the 7th day, the highest germination percentage (90%) was observed
on T20 and it was also determined that 80% germination at T12, T15 and
T27 in S.thymbra. The lowest germination percentage (10%) was obtained
from T1 and T5. On the 21st day, the maximum germination rate (90%) was
recorded in T13 and T20. Heat shock causes morphological changes in the
seed and facilitates the entry of water into the seed so the probability of
germination increases (Kazancı and Tavşanoğlu, 2019). In this study, only
hot and cold applications did not increase germination, better results were
observed when these applications were applied together with gibberellic
acid. The minimum germination percentage (50%) was obtained in T2, T3
and T4. Different temperature applications alone did not produce remarkable results compared to the control. In addition to these, 20% germination
on the 7th day and 60% germination on the 21st day were determined in
the control. In a study by Çatav et al. (2012), 12.4% germination was observed in control. In another study conducted by Çatav et al. (2014), the
seeds were kept in distilled water for 24 hours in control, then placed in an
culture media containing 0.7% agar and waited for 7 weeks. As a result,
47 ± 4.4% germination was determined in the control. In this study, 60%
germination was observed after 21 days in the control. These results show
that seed quality and maturity are important in germination. Furthermore,
at the end of the twenty-first day, 80% germination was recorded at T7, T10,
T12, T15 and T27. When gibberellic acid was applied alone and with heat
shocks, it was determined that the best GA3 dose was 10 ppm and no dose
increase was required. In waiting applications at 100 ppm GA3 at -20°C,
the percentage of germination increased as the waiting time increased and
better results were obtained. The first germination was observed on the 4th
day in all treatments of S. thymbra except T1, T2, T3, T4, T5, T6 and control.
It has been determined that all applications except for only cold and only
hot applications increase germination rate. The first germination in control
was obtained on the 6th day. 20% germination was observed on the 6th day
in the control. However, the highest germination percentage (90%) was
reached on the 6th day in T20. As a result, when the best applications observed in this study are tried, there is no need to wait for the germination
result 21 days.
On the 7th day of the experiment in T. spicata the highest germination
(30%) was determined in T13, T22, T24 and T26. When germination is attempted at 80°C and -20°C, 10 ppm GA3 is sufficient, no need to increase
the dose. On the 21st day, the highest germination rate (90%) was observed
in T24 and the lowest germination was obtained in T3 and T4. Furthermore,
at the end of the twenty-first day, 80% germination was recorded at T17
and T23. It was observed that only the heat and cold shocks had no effect
on the germination of the species and the application with GA3 increased
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germination. The best result in heat shocks treatments was obtained at T17.
In addition, the best result was obtained at T24 in cold shock applications.
It is reported that the application of different doses of GA3 with cold application breaks dormancy and increases germination (Karakurt et al., 2010)
and similar results were obtained in present study. It was observed that the
percentage of germination increased at -20°C, as the percentage of germination generally increased. In the control, 10% germination on the 7th day
and 30% germination on the 21st day were determined. In the study carried
out by Hayta and Arabacı (2011), 16 different pre- treatments were applied
to the T. spicata and the best result was obtained in the control (36%). In
addition to these, the first germination was observed on the 2nd day in T17
and T18. The first germination in control was obtained on the 7th day. All
applications, except only hot-cold applications and control, provided early
seed germination.
Table 2: The effect of soaking in different GA3 concentrations to germination
percentage.
Treatments
D

Germination (%)
7
21

16.67
18.33

1000
1500
2000

10.00 b
12.50 b
30.00 a

p < 0.05
Do (ppm)

ns

p < 0.05

*

D × Do1

10.00
10.00

p < 0.05

ns

D × Do2

10.00 b
15.00 a

p < 0.05

*

D × Do3

30.00
30.00

p < 0.05

ns

Do × D1

10.00 b
10.00 b
30.00 a

p < 0.05

*

Do × D2

10.00 c
15.00 b
30.00 a

p < 0.05

*

Abbreviations. D: Day, Do: Dose, ns: non significant, * : significance at p < 0.05
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Table 3: The effect of soaking in different KNO3 concentrations to germination
percentage.
Treatments

Germination (%)
7
21

D
p < 0.05

*
0.1
0.2
0.4

Do (%)

10.00 b
15.00 a
12.50
10.00
15.00

p < 0.05

ns

D × Do1

10.00
15.00

p < 0.05

ns

D × Do2

10.00
10.00

p < 0.05

ns

D × Do3

10.00 b
20.00 a

p < 0.05

*

Do × D1

10.00
10.00
10.00

p < 0.05

ns

Do × D2

15.00 ab
10.00 b
20.00 a

p < 0.05

*

Abbreviations. D: Day, Do: Dose, ns: non significant, * : significance at p < 0.05
Table 4: The effect of different soaking times in 10% H2O2 to germination percentage.
Treatments
D

Germination (%)

7
21

10.00 b
13.33 a

5
10
20

12.50
12.50
10.00

p < 0.05
Tm (min)
p < 0.05

D × Tm1
p < 0.05

*

ns
10.00
15.00
ns
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10.00
15.00
p < 0.05
ns
10.00
D × Tm3
10.00
p < 0.05
ns
10.00
Tm × D1
10.00
10.00
p < 0.05
ns
15.00
Tm × D2
15.00
10.00
p < 0.05
ns
Abbreviations. D: Day, Tm: Time, ns: non significant, * : significance at p < 0.05
D × Tm2

Table 5: The effects of combined treatments (different soaking times in 10% H2O2
and then soaking in different GA3 concentrations) to germination percentage.
Treatments

Germination (%)
7
21

D
p < 0.05

*
5
10
20

Tm (min)
p < 0.05

D × Tm1
p < 0.05

D × Tm2
p < 0.05

D × Tm3
p < 0.05

Tm × D1
p < 0.05

10.00 b
14.44 a

12.78 a
13.89 a
10.00 b
*
10.00 b
15.56 a
*
10.00 b
17.78 a
*
10.00
10.00
ns
10.00
10.00
10.00
ns
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15.56 a
17.78 a
10.00 b

Tm × D2
p < 0.05

*
1000
1500
2000

Do (ppm)
p < 0.05

D × Do1
p < 0.05

D × Do2
p < 0.05

D × Do3
p < 0.05

Do × D1
p < 0.05

Do × D2
p < 0.05

Tm × Do1
p < 0.05

Tm × Do2
p < 0.05

Tm × Do3
p < 0.05

Do × Tm1

13.89 a
11.67 ab
11.11 b

*
10.00 b
17.78 a
*
10.00
13.33
ns
10.00
12.22
ns
10.00
10.00
10.00
ns
17.78 a
13.33 b
12.22 b
*
13.33 b
18.33 a
10.00 b
*
11.67
13.33
10.00
ns
13.33
10.00
10.00
ns
13.33
11.67
13.33

81

82

Ummahan ÖZ
p < 0.05

D × Tm2
p < 0.05

Do × Tm3
p < 0.05

D × Tm1 × Do1
p < 0.05

D × Tm1 × Do2
p < 0.05

D × Tm1 × Do3
p < 0.05

D × Tm2 × Do1
p < 0.05

D × Tm2 × Do2
p < 0.05

D × Tm2 × Do3
p < 0.05

D × Tm3 × Do1
p < 0.05

D × Tm3 × Do2
p < 0.05

D × Tm3 × Do3
p < 0.05

Tm × D1 × Do1

ns
18.33 a
13.33 b
10.00 b
ns
10.00
10.00
10.00
ns
10.00 b
16.67 a
*
10.00
13.33
ns
10.00 b
16.67 a
*
10.00 b
26.67 a
*
10.00 b
16.67 a
*
10.00
10.00
ns
10.00
10.00
ns
10.00
10.00
ns
10.00
10.00
ns
10.00
10.00
10.00
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p < 0.05

Tm × D1 × Do2
p < 0.05

Tm × D1 × Do3
p < 0.05

Tm × D2 × Do1
p < 0.05

Tm × D2 × Do2
p < 0.05

Tm × D2 × Do3
p < 0.05

Do × D1 × Tm1
p < 0.05

Do × D1 × Tm2
p < 0.05

Do × D1 × Tm3
p < 0.05

Do × D2 × Tm1
p < 0.05

ns
10.00
10.00
10.00
ns
10.00
10.00
10.00
ns
16.67 b
26.67 a
10.00 c
*
13.33 ab
16.67 a
10.00 b
*
16.67 a
10.00 b
10.00 b
ns
10.00
10.00
10.00
ns
10.00
10.00
10.00
ns
10.00
10.00
10.00
ns
16.67
13.33
16.67
ns
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Do × D2 × Tm2
p < 0.05

Do × D2 × Tm3
p < 0.05

26.67 a
16.67 b
10.00 c
*
10.00
10.00
10.00
ns

Abbreviations. D: Day, Do: Dose, Tm: Time, ns: non significant, *: significance
at p < 0.05
Table 6: The effects of combined treatments (different soaking times in 10% H2O2
and then soaking in different KNO3 concentrations) to germination percentage.
Treatments

Germination (%)
7
21

D
p < 0.05
Tm (min)

ns

5
10
20

11.67
10.00
13.75
ns
10.00
13.33
ns
10.00
10.00
ns
16.67 a
10.00 b
*
10.00 b
10.00 b
16.67 a
*
13.33
10.00
10.00

0.1
0.2
0.4

11.67
10.00
13.53

p < 0.05

D × Tm1
p < 0.05

D × Tm2
p < 0.05

D × Tm3
p < 0.05

Tm × D1
p < 0.05

Tm × D2
p < 0.05
Dose (%)

12.22
11.20

ns
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p < 0.05

D × Do1
p < 0.05

D × Do2
p < 0.05

D × Do3
p < 0.05

Do × D1
p < 0.05

Do × D2
p < 0.05

Tm × Do1
p < 0.05

Tm × Do2
p < 0.05

Tm × Do3
p < 0.05

Do × Tm1
p < 0.05

Do × Tm2
p < 0.05

ns
10.00
13.33
ns
10.00
10.00
ns
16.67 a
10.00 b
*
10.00 b
10.00 b
16.67 a
*
13.33
10.00
10.00
ns
15.00
10.00
10.00
ns
10.00
10.00
10.00
ns
10.00 b
10.00 b
22.00 a
*
15.00
10.00
10.00
ns
10.00
10.00
10.00
ns
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Do × Tm3
p < 0.05

D × Tm1 × Do1
p < 0.05

D × Tm1 × Do2
p < 0.05

D × Tm1 × Do3
p < 0.05

D × Tm2 × Do1
p < 0.05

D × Tm2 × Do2
p < 0.05

D × Tm2 × Do3
p < 0.05

D × Tm3 × Do1
p < 0.05

D × Tm3 × Do2
p < 0.05

D × Tm3 × Do3
p < 0.05

D × Tm1 × Do1
p < 0.05

Tm × D1 × Do2
p < 0.05

10.00 b
10.00 b
22.00 a
*
10.00 b
20.00 a
*
10.00
10.00
ns
10.00
10.00
ns
10.00
10.00
ns
10.00
10.00
ns
10.00
10.00
ns
10.00
10.00
ns
10.00
10.00
ns
30.00 a
10.00 b
*
10.00
10.00
10.00
ns
10.00
10.00
10.00
ns
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10.00 b
10.00 b
30.00 a
p < 0.05
*
20.00 a
Tm × D2 × Do1
10.00 b
10.00 b
p < 0.05
*
10.00
Tm × D2 × Do2
10.00
10.00
p < 0.05
ns
10.00
Tm × D2 × Do3
10.00
10.00
p < 0.05
ns
10.00
Do × D1 × Tm1
10.00
10.00
p < 0.05
ns
10.00
Do × D1 × Tm2
10.00
10.00
p < 0.05
ns
10.00 b
Do × D1 × Tm3
10.00 b
30.00 a
p < 0.05
*
20.00 a
Do × D2 × Tm1
10.00 b
10.00 b
p < 0.05
*
10.00
Do × D2 × Tm2
10.00
10.00
p < 0.05
ns
10.00
Do × D2 × Tm3
10.00
10.00
p < 0.05
ns
Abbreviations. D: Day, Do: Dose, Tm: Time, ns: non significant, *: significance at p < 0.05
Tm × D1 × Do3
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Table 7: The effect of heat shocks for 5 minutes on the germination percentage.
Thymbra spicata
Germination (%)

Satureja thymbra
Germination (%)

7
21

10.00 b
18.33 a

18.33 b
42.22 a

*

*

60
80
100

15.00
17.50
10.00

31.67
32.50
26.67

ns

ns

10.00
20.00

10.00 b
53.33 a

Treatments
D
p < 0.05
T (°C)
p < 0.05
D × T1
p < 0.05
D × T2
p < 0.05
D × T3
p < 0.05
T × D1
p < 0.05
T × D2
p < 0.05

ns

*

10.00 b
25.00 a

25.00
40.00

*

ns

10.00
10.00

20,00
33,33

ns

ns

10.00
10.00
10.00

10,00
25,00
20,00

ns

ns

20.00 ab
25.00 a
10.00 b

53,33
40,00
33,33

*

ns

Abbreviations. D: Day, T: Temperature, ns: non significant, * : significance at p
< 0.05
Table 8: The effect of different waiting times at - 20 °C on germination percentage.
Thymbra spicata
Germination (%)

Satureja thymbra
Germination (%)

7
21

10.00
13.33

16.67 b
52.22 a

ns

*

5
10
20

10.00
13.33
11.67

33.33 ab
31.67 b
38.33 a

Treatments
D
p < 0.05
Tm
(min)
p < 0.05
D × Tm1
p < 0.05
D × Tm2
p < 0.05
D × Tm3

ns

*

10.00
10.00

16.67 b
50.00 a

ns

*

10.00 b
16.67 a

10.00 b
53.33 a

*

*

10.00
13.33

23.33 b
53.33 a
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p < 0.05
Tm × D1
p < 0.05
Tm × D2
p < 0.05

ns

*

10.00
10.00
10.00

16.67 ab
10.00 b
23.33 a

ns

*

10.00 b
16.67 a
13.33 ab

50.00
53.33
53.33

*

ns
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Abbreviations. D: Day,, Tm: Time, ns: non significant, * : significance at p < 0.05
Table 9: The effect of soaking in 24 hours at different GA3 concentrations to
germination percentage.
Thymbra spicata
Germination (%)

Satureja thymbra
Germination (%)

7
21

11.67 b
40.00 a

53.33
52.22

*

ns

10
50
100

28.33
23.33
25.83

45.00
53.33
60.00

ns

ns

10.00 b
46.67 a

50.00
40.00

Treatments
D
p < 0.05
Do(ppm)
p < 0.05
D × Do1
p < 0.05
D × Do2
p < 0.05
D × Do3
p < 0.05
Do × D1
p < 0.05
Do × D2
p < 0.05

*

ns

10.00 b
36.67 a

53.33
53.33

*

ns

15.00
36.67

63.33
56.67

ns

ns

10.00
10.00
10.00

50.00
53.33
56.67

ns

ns

46.67
36.67
36.67

40.00
53.33
63.33

ns

ns

Abbreviations. D: Day, Do: Dose, ns: non significant, * : significance at p < 0.05
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Table 10: The effects of combined treatments (different heat shocks for 5 minutes and then soaking in 24 hours at different GA3 concentrations) on germination.
Thymbra spicata
Germination (%)

Satureja thymbra
Germination (%)

7
21

13.15 b
46.48 a

47.04
54.82

*

ns

60
80
100

23.33 b
33.06 a
33.06 a

53.33
53.33
46.11

p < 0.05

*

ns

D × T1

11.67 b
35.00 a

48.89
57.78

Treatments
D
p < 0.05
T (°C)

p < 0.05

*

ns

D × T2

13.89 b
52.22 a

50.00
56.67

p < 0.05

*

ns

D × T3

13.89 b
52.22 a

42.22
50.00

*

ns

T × D1

11.67
13.89
13.89

48.89
50.00
42.22

ns

ns

35.00 b
52.22 a
52.22 a

57.78
56.67
50.00

p < 0.05

p < 0.05
T × D2
p < 0.05
Do(ppm)
p < 0.05
D × Do1
p < 0.05
D × Do2
p < 0.05
D × Do3
p < 0.05
Do × D1
p < 0.05
Do × D2
p < 0.05

10
50
100

*

ns

29.72
33.33
26.39

51.67 ab
41.67 b
59.44 a

ns

*

13.89 b
45.56 a

43.33
60.00

*

ns

15.56 b
51.11 a

41.11
42.22

*

ns

10.00 b
42.78 a

56.67
62.22

*

ns

13.89
15.56
10.00

43.33
41.11
56.67

ns

ns

45.56
51.11
42.78

60.00
42.22
62.22

ns

ns
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T × Do1
p < 0.05
T × Do2
p < 0.05
T × Do3
p < 0.05
Do × T1
p < 0.05
Do × T2
p < 0.05
Do × T3
p < 0.05
D × T1 × Do1
p < 0.05
D × T1 × Do2
p < 0.05
D × T1 × Do3
p < 0.05
D × T2 × Do1
p < 0.05
D × T2 × Do2
p < 0.05
D × T2 × Do3
p < 0.05
D × T3 × Do1
p < 0.05
D × T3 × Do2
p < 0.05
D × T3 × Do3
p < 0.05

21.67 b
36.67 a
30.83 ab

48.33 ab
68.33 a
38.33 b

*

*

25.83 b
30.83 ab
43.33 a

40.00
43.33
41.67

*

ns

22.50
31.67
25.00

71.67
48.33
58.33

ns

ns

21.67
25.83
22.50

48.33 ab
40.00 b
71.67 a

ns

*

36.67
30.83
31.67

68.33
43.33
48.33

ns

ns

30.83 ab
43.33 a
25.00 b

38.33
41.67
58.33

*

ns

10.00 b
33.33 a

36.67
60.00

*

ns

15.00 b
36.67 a

40.00
40.00

*

ns

10.00 b
35.00 a

70.00
73.00

*

ns

16.67 b
56.67 a

60.00
76.67

*

ns

15.00 b
46.67 a

43.33
43.33

*

ns

10.00 b
53.33 a

46.67
50.00

*

ns

15.00 b
46.67 a

33.33
43.33

*

ns

16.67 b
70.00 a

40.00
43.33

*

ns

10.00 b
40.00 a

53.33
63.33

*

ns
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T × D1 × Do1
p < 0.05
T × D1 × Do2
p < 0.05
T × D1 × Do3
p < 0.05
T × D2 × Do1
p < 0.05
T × D2 × Do2
p < 0.05
T × D2 × Do3
p < 0.05
Do × D1 × T1
p < 0.05
Do × D1 × T2
p < 0.05
Do × D1 × T3
p < 0.05
Do × D2 × T1
p < 0.05
Do × D2 × T2
p < 0.05
Do × D2 × T3
p < 0.05

10.00
16.67
15.00

36.67
60.00
33.33

ns

ns

15.00
15.00
16.67

40.00
43.33
40.00

ns

ns

10.00
10.00
10.00

70.00
46.67
53.33

ns

ns

33.33 b
56.67 a
46.67 ab

36.67
60.00
33.33

*

ns

36.67 b
46.67 b
70.00 a

40.00
43.33
40.00

*

ns

35.00
53.33
40.00

73.33
50.00
63.33

ns

ns

10.00
15.00
10.00

36.67
40.00
70.00

ns

ns

16.67
15.00
10.00

60.00
43.33
46.67

ns

ns

15.00
16.67
10.00

33.33
40.00
53.33

ns

ns

33.33
36.67
35.00

60.00
40.00
73.33

ns

ns

56.67
46.67
53.33

76.67
43.33
50.00

ns

ns

46.67 b
70.00 a
40.00 b

43.33
43.33
63.33

*

ns

Abbreviations. D: Day, Do: Dose, T: Temperature, ns: non significant, *:significance at p < 0.05
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Table 11: The effects of combined treatments (different waiting times at - 20 °C
and then soaking in 24 hours at different GA3 concentrations) on germination.
Thymbra spicata
Germination (%)

Satureja thymbra
Germination (%)

7
21

16.48 b
43.33 a

45.56
51.11

*

ns

5
10
20

26.39
30.56
32.78

48.89
45.00
51.11

ns

ns

15.00 b
37.78 a

45.56
52.22

Treatments
D
p < 0.05
Tm (min)
p < 0.05
D × Tm1
p < 0.05
D × Tm2
p < 0.05
D × Tm3
p < 0.05
Tm × D1
p < 0.05
Tm × D2
p < 0.05
Do(ppm)
p < 0.05
D × Do1
p < 0.05
D × Do2
p < 0.05
D × Do3
p < 0.05
Do × D1
p < 0.05
Do × D2
p < 0.05
Tm × Do1

10
50
100

*

ns

16.67 b
44.44 a

42.22
47.78

*

ns

17.78 b
47.78 a

48.89
53.33

*

ns

15.00
16.67
17.78

45.56
42.22
48.89

ns

ns

37.78
44.44
47.78

52.22
47.78
53.33

ns

ns

30.00
30.83
28.89

50.00
51.11
43.89

ns

ns

15.56 b
44.44 a

45.56
54.44

*

ns

20.56 b
41.11 a

50.00
52.22

*

ns

13.44 b
44.44 a

41.11
46.67

*

ns

15.56
20.56
13.33

45.56
50.00
41.11

ns

ns

44.44
41.11
44.44

54.44
52.22
46.67

ns

ns

34.17
25.00
30.83

50.00
43.33
56.67
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p < 0.05
Tm × Do2
p < 0.05
Tm × Do3
p < 0.05
Do × Tm1
p < 0.05
Do × Tm2
p < 0.05
Do × Tm3
p < 0.05
D × Tm1 × Do1
p < 0.05
D × Tm1 × Do2
p < 0.05
D × Tm1 × Do3
p < 0.05
D × Tm2 × Do1
p < 0.05
D × Tm2 × Do2
p < 0.05
D × Tm2 × Do3
p < 0.05
D × Tm3 × Do1
p < 0.05
D × Tm3 × Do2
p < 0.05
D × Tm3 × Do3
p < 0.05
Tm × D1 × Do1

ns

ns

25.00
35.00
32.50

50.33
55.00
40.00

ns

ns

20.00
31.67
35.00

38.33 ab
36.67 b
56.67 a

ns

*

34.17
25.00
20.00

50.00 ab
58.33 a
38.33 b

ns

*

25.00
35.00
31.67

43.33
55.00
36.67

ns

ns

30.83
32.50
35.00

56.67
40.00
56.67

ns

ns

15.00 b
53.33 a

46.67
53.33

*

ns

20.00
30.00

56.67
60.00

ns

ns

10.00
30.00

33.33
43.33

ns

ns

16.67
33.33

40.00
46.67

ns

ns

16.67 b
53.33 a

53.33
56.67

*

ns

16.67 b
46.67 a

33.33
40.00

*

ns

15.00 b
46.67 a

50.00
63.33

*

ns

25.00
40.00

40.00
40.00

ns

ns

13.33 b
56.67 a

56.67
56.67

*

ns

15.00
16.67
15.00

46.67
40.00
50.00
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p < 0.05
Tm × D1 × Do2
p < 0.05
Tm × D1 × Do3
p < 0.05
Tm × D2 × Do1
p < 0.05
Tm × D2 × Do2
p < 0.05
Tm × D2 × Do3
p < 0.05
Do × D1 × Tm1
p < 0.05
Do × D1 × Tm2
p < 0.05
Do × D1 × Tm3
p < 0.05
Do × D2 × Tm1
p < 0.05
Do × D2 × Tm2
p < 0.05

ns

ns

20.00
16.67
25.00

56.67
53.33
40.00

ns

ns

10.00
16.67
13.33

33.33
33.33
56.67

ns

ns

53.33
33.33
46.67

53.33
46.67
63.33

ns

ns

30.00
53.33
40.33

60.00
56.67
40.00

ns

ns

30.00 b
46.67 ab
56.67 a

43.33
40.00
56.67

*

ns

15.00
20.00
10.00

46.67
56.67
33.33

ns

ns

16.67
16.67
16.67

40.00
53.33
33.33

ns

ns

15.00
25.00
13.33

50.00
40.00
56.67

ns

ns

53.33
30.00
30.00

53.33
60.00
43.33

ns

ns

33.33
53.33
46.67

46.67
56.67
40.00

ns

ns

Do × D2 × Tm3

46.67
40.00
56.67

63.33
40.00
56.67

p < 0.05

ns

ns
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Abbreviations. D: Day, Do: Dose, Tm: Time, ns: non significant, * :significance
at p < 0.05

4. Conclusions
This study confirms that gibberellic acid breaks seed dormancy, increase germination percentage and accelerate the germination. Furthermore
research results show that combination of hot and cold treatments with
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gibberellic acid increases germination activity even more. The increase in
temperature increases enzyme activities and thus promotes germination.
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1. Introduction
Electrochromism is a reversible alteration in the optical features
(color, transmittance, absorbance, reflectance) of a compound, in response
to electrochemical oxidation or reduction at different potentials (Jittiarporn
et al. 2017; Eren et al. 2017, 2018a). In 1932, the term ‘electrochromism’
was utilized to explain physical phenomena of Franz–Keldish and Stark’s
influences (Invernale et al. 2009). The first electrochromic device (ECD)
with tungsten trioxide (WO3) was produced by Deb in 1969 (Deb, 1969).
By the mid-1970, the electrochromic devices were being advanced for displays (Lampert, 2004). In 1978, electrochromic memory displays using
small-molecule organic materials, viologen and its derivatives, were first
investigated (Schoot et al. 1978). Since then, the term ‘electrochromic materials’ has assigned as the family of polymers and small molecules which
show reversible color changes as a result of electrochemical reactions
(Invernale et al. 2009). Electrochromic materials possess major benefits
(Lampert, 2004).
• A small voltage to switch (1-5 V);
• Display specular reflection;
• Having a gray scale;
• Necessitate power only during switching;
• Display adjustable memory, up to 12-48 hours.
Electrochromic compounds and devices must be described with regard
to capability for transmitting and reflecting luminous and solar radiation.
These features can be familiarized via contemplating the spectra displayed
in Figure 1. As seen Figure 1a, thermal radiation is managed by blackbody spectra for the indicated four temperatures- multiplied via an empirical emittance less than one; obviously this radiation is at λ (wavelength)
>2 µm for normal ambient temperatures. Solar radiation impinging onto
Earth’s atmosphere can be displayed via blackbody-like radiation for the
Sun’s surface temperature (5505 oC) and covers 0.2<λ<3 µm. At ground
level, and for normal clear weather, this radiation is as displayed in Figure
1b; the sharp minima arise from molecular absorption. Luminous radiation
ultimately characterized by the curve (Figure 1b). Luminous radiation lies
in the range of 0.4<λ<0.7 µm and the peak is at 0.55 µm. Quantitative
information for luminous (lum) and solar (sol) transmittance demonstrated
as Tlum and Tsol, respectively. Equation (1) can be used for calculation of
Tlum(sol), as given below (Granqvist et al. 2017, 2018):
(1)
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Where T(λ) is spectral transmittance, φlum is the eye’s spectral sensitivity and φsol denotes ‘the air mass 1.5’ solar irradiance spectrum (with the
sun being 37o above the horizon) (Granqvist et al. 2018)

Figure 1. (a) Blackbody spectra for the shown temperatures (b) Typical solar
irradiance spectrum for clear weather, and relative spectral sensitivity of a
light-adapted eye (From Ref. (Granqvist et al. 2018).

In general, electrochromic compounds can be divided into two major groups: 1) inorganic materials consist of transition metals and metal
oxides, prussian blue systems (Hedley et al. 2018), and lanthanide coordination complexes, etc. (Rowley & Mortimer, 2002) 2) organic materials
consist of viologen derivatives (1,1ʹ-dialkyl 4,4ʹ- bipyridinium dications)
(Madasamy et al. 2019), TTF (tetra thiafulvalene) derivatives (Wang et
al. 2004), TCNQ (tetra cyanoquino-dimethane) derivatives (Wang et al.
2013), quinones (Xu et al. 2013), conducting polymers such as polythiophene (PTh) (Camurlu et al. 2004), polyaniline (PANI) (Eren et al. 2018a),
polypyrrole (PPy) (Camurlu et al. 2014), etc.
This chapter will be focussed solely on nickel oxide-conducting polymer hybrid materials for applications of electrochromic devices.
2. Electrochromic Devices (ECDs)
A schematic of the electrochromic device (ECD), represented in Figure 2, includes an active electrochromic electrode layer, a counter electrode layer, an electrolyte layer detaching the two electrodes, two transparent conductive layers using as electrical leads and the supporting substrates
(Runnerstrom et al. 2014).
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Figure 2. Generic five-layer electrochromic device design. Arrows represent
transport of ions under the action of an electric field (From Ref. Runnerstrom et
al. 2014).

Whereas the conductive electrode (such as ITO-coated glass, etc.) was
used as counter electrode for single- layer-electrochromic device, the secondary electrochromic film was used as counter electrode for a complementary electrochromic device (Eren et al. 2018b). In the complementary
ECD construction, one of electrochromic film is anodic coloring material
while the other is cathodic coloring material. In such ECD device construction both electrochromic films are colored and bleached simultaneously, so
the optical contrast enhances (Patel et al. 2017).
Recent advances in solid-state ECDs have focused onto preparing
electrochromic film into a single step and low-waste procedure to reduce
the environmental effect of the chemical industry (Ding et al. 2011). For
example, an UV-curing approach merges the electrolyte and electrochromic material in one conductive substrate sandwiching between two conductive substrates such as ITO coated electrode (Ding et al. 2011; Invernale et al. 2010). As shown in Figure 3, such a single-layer “all-in-one”
device is the similar as the traditional electrochromic device except for
joining of electrolyte and monomer/polymer active layers into single layer.
As shown in Figure 3b, the construction of such ECDs was summarized
below (Ding et al. 2011):
i. Fabrication of the pre-polymer electrolyte with monomer
ii. Covering of the prepared solution onto a conductive electrode
iii. Adding onto a second conductive electrode
iv. Photo or thermal crosslinking to occur the gel electrolyte
v. Implementation of an suitable potential voltage to induce polymerisation of the monomer
Recently, the hybrid-based flexible with WO3 and PEDOT was also
fabricated using uv-curable electrolyte in a single layer (Eren et al. 2020).
As a result, uv-curing method can be acknowledged as relatively simple,
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energy saving and protecting for the environment (Eren et al. 2020).
The working principle of the ECD is connected with ion transfer between the transparent electrical conductors. When a suitable voltage is
applied to conductive eletrodes, migration of ion is formed between the
counter electrode and the working electrode. The electrons injected from
conductive electrode then occur alternation in the optical features of the
electrochromic material. Upon reversing applied potential, the ECD returns to its original state (Invernale et al. 2009).

Figure 3. A) Schematic presentation of in-situ ECD structure. In the published
article, SUBSTRATE= PET, ELECTRODE= ITO, and the numerous electrolyte/
monomer compositions are stated B) (1) Implement solution; (2) Put counter
electrode a top; (3) UV cure; (4) implement a suitable voltage; (5) oxidized state;
and (6) neutral state. (From Ref. (Ding et al. 2011)).

Commercialization of ECDs depends on their response time (switching time), optical contrast, coloration efficiency and durability.
Electrochromic contrast (optical contrast) is generally calculated
the percent transmittance change (∆%T) of the electrochromic material at
a certain wavelength, as shown in Equation 2 (Eren et al. 2017):
(2)
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where Tbleached (%) and Tcolored (%) are the transmittance of the ECD in
the bleached state and coloured state, respectively. While the difference
between bleached and colored state will give the highest values at certain
wavelength, more accurate measurement should be also utilized (Invernale
et al. 2009). Photopic contrast includes the whole visible spectrum weighted to the sensitivity of the human eye (Invernale et al. 2009).Thus, photopic contrast provides more accurate value when compared to the generally
published contrast at a single wavelength (Yumin et al. 2019). Equation (3)
was used to calculate the corresponding photopic transmittance (Yumin et
al. 2019):

(3)
where T(λ) is the spectral transmittance of the device, S(λ) is the normalized spectral emittance of a 6000 K blackbody and P (λ) is the normalized spectral response of the human eye.
Switching time, which is one of the most significant factors in terms
of ECD performance is described as the time needed to implement switching between the bleached and colored states. The switching time of electrochromic material is connected with some characteristics such as the electrolyte ionic conductivity, greatness of the performed potential, the film
thickness, the film morphology (Thakur et al. 2012).
Coloration efficiency (CE) is the significant fundamental factor to
evaluate the power necessity of an electrochromic compound (Thakur
et al. 2012). The CE was calculated using the following equations (4, 5)
(Eren et al. 2017):
(4)
(5)
where Tbleached (%) and Tcolored (%) are the transmittance of the ECD in
the bleached and the colored state, respectively, OD is optical density, Q is
the intercalated charge per unit area.
Stability: The device durability towards repetitive redox cycles generally
confines the benefits of electrochromic materials in application area. This situation can be explained by electrochemical redox degradation due to irreversible oxidation or reduction at excessive voltages, iR damage of the electrode or
the electrolyte, side reaction with water or oxygen in the device. As a result, the
loss in electrochromic contrast can be obtained (Thakur et al. 2012).
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Thus, the targeted characteristics for electrochromic device performance devices can be given a summary as below (Thakur et al. 2012):





High electrochromic efficiency
High optical modulation
Short switching time
High durability

2.1. Application Areas
Electrochromic materials are generally used in various fields of technology such as smart windows, smart switchable window applied in Boeing aircraft, rear-view mirrors for automobiles, electrochromic eyewear,
e-papers, low cost displays (Figure 4). (Yang et al. 2016; Korgel (2013);
Österholm et al. 2015). Two conductive substrates are separated via an
electrolyte compound in electrochromic window. The electrochromic window is in Bright Mode under open circuit potential. In Bright mode, both
working and counter electrodes are transparent to solar radiation, supplying heat and natural light to go into the room. Under the reduced voltage
upto a moderate value, the window modifies to Cool mode, obstructing
heat while supplying natural light to come into the room. At lower voltages, the window modifies to Dark Mode, confining the quantity of heat and
natural light that go into the room (Yang et al. 2016; Korgel (2013)). Thus,
EC smart windows are significant helpful for its aesthetics glazing to decrease glare and entering solar irradiation into the buildings, decreasing the
energy consumption of air conditioning in building by 26 %, low energy
consumption and a good memory effect (Eh et al. 2018).

Figure 4. Applications of electrochromic devices. (a) Design of electrochromic
window (b) Smart switchable window applied in Boeing aircraft produced by
SmartTint (c) Photographs of the electrochromic lens (d) Automatic dimming
mirror based on electrochromism produced by Gentex. Printable and flexible
electrochromic displays designed by (e) Prelonic Technologies and (f ) Siemens
(From Refs. Yang et al. 2016; Korgel (2013); Österholm et al. 2015)
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3. Materials for ECD
3.1. Transition Metal Oxides
Electrochromic transition metal oxides can display several valence
states upon electrochemical reduction process. Electrochromic materials
can be divided into two kinds: in cathodic oxides, color change occurs
upon charge insertion (electrochemical reduction process), while in anodic
oxides color transition forms upon charge extraction (electrochemical oxidation process) (Patel et al. 2017). The widely investigated electrochromic
materials are WO3, TiO2 , Nb2O5, MoO3, Ta2O5 (Eren et al. 2018a; Kiristi
et al. 2014; Patel et al. 2017). The well-known anodic coloration materials
are NiO, IrO2, Cr2O5, MnO2, FeO2 (Patel et al. 2017; Park et al. 2016).
V2O5 shows both anodic and cathodic electrochromic properties based on
its oxidation state (Patel et al. 2017; Eren at al. 2018b). Figure 5 displays
three situations of significant for electrochromic oxides. Especially, the left
side of Figure 5, for HxWO3, displays an O2p band that is allocated from
a split d band via an energy gap. Pure WO3 owns a full O2p band and an
empty d band, and the band is broad sufficient to render WO3 electrochromic films of transparent. Middle side of Figure 5 belongs to anodically colouring electrochromic oxides. These electrochromic oxides can be defined
as owning unoccupied t2g states, and ions and electrons insertion may be
formed to these filled states to the top of the band suggesting that the material shows a gap between the eg and t2g levels. The band is broad enough to
give transparent color. The right side of Figure 5 displays V2O5 that owns
both cathodic and anodic electrochromic features depending on diverse
electronic structure (Granqvist et al. 2018).

Figure 5. Schematic band structures for diverse situations of EC oxides. Shaded areas show filled states and E is energy. The pertinent chemical species are
demonstrated at the top; some uncertainty prevails for the Ni-containing species
(From Ref. Granqvist et al. 2018).
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3.1.1. Nickel Oxide (NiO)
Nickel oxide (NiO) is one of the most widely studied transition metal
oxide because of its high coloration efficiency, good cyclic reversibility,
large dynamic range and low material cost (Cai et al. 2012). The conversion from a colored to a bleached state is associated with a multiple valances of Ni ions in Nickel oxide because of the alternation of Ni3d electrons
(Lee et al. 2020).
Various methods consisting of electrochemical, sputtering, vacuum
deposition, thermal evaporation, spray pyrolysis, sol-gel have been used
to prepare NiO-based films (Nakaoka et al. 2004; Avendaño et al. 2006).
NiO-based film was used for both electrochromic and supercapacitor applications. NiO film can also be used as the potential charge storing electrochromic film (Jamdegni & Kaur, 2020). The coloration process of nickel
oxide film belongs to the oxidation occurring before the oxygen evolution
reaction which can be shown as the following electrochemical reaction
(Cai et al. 2012) (6, 7):
(6)
or
(7)
The bleaching process belongs to the reduction peak which can be described as the following electrochemical reactions (Cai et al. 2012) (8,9):
(8)
or
(9)
However, some features restrict its traditional improvement including
slow response time, low electrical conductivity, poor cycling stability (Cai
et al. 2012, Li et al. 2020). Recently, various studies were performed to
enhance NiO electrchromic performance. Much scientific research focused
on the study of adjustable crystal structure, controllable surface morphology and tunable structure of NiO, preparation of NiO-based composites
(Liu et al. 2015, Li et al. 2020). One approach for its adjustable electronic
structure is through doping with suitable elements that allow it to improve
the optical features and the durability of NiO-based films (Li et al. 2020).
For instance, Lee et al. fabricated tungsten-doped nickel oxide-based electrochromic devices with improved stability. The colored state and bleached
state of ECD were displayed in Figure 6. ECD device using Ni1-xWx (x:
0.024) as counter electrode and WO3 as working electrode indicated relatively durability optical contrast with %2 loss from 100 to 1000 cycles.
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Columnar nanostructure occurred gradually dense with enhancement of W
content, which may lead to the decreased optical contrast and the increased
durability. This situation can be explained by the reduced deep trap sites
(Lee et al. 2020). Moreover, they produced flexible ECD using Ni1-xWx (x:
0.024) as counter electrode and WO3 as working electrode, as displayed
in Figure 7. During the repetitive cycles until 1000 cycles, the prepared
flexible ECD demonstrated considerable electrochromic stability with attaining optical contract of 40%. The color of flexible ECDs altered from
light yellow to deep blue (Lee et al. 2020).
Wang et al. showed that the electrolyte pH owns an important influence on the NiOx films in borate electrolyte medium. In this study, pH
values were selected as 7, 9, 11 to evaluate the prepared NiOx films and
the corresponding electrochromic features (Wang et al. 2020). As seen in
Figure 8a, the highest optical modulation was obtained as 87% for the
nickel oxide film prepared under pH 9 medium for 2 h. The cyclic durability of the the nickel oxide film fabricated at pH 9 was performed using cyclic voltammetry measurement. As seen in Figure 8b, while the reduction
peaks changed in the direction of negative potentials, the oxidation peaks
changed slightly in the direction of positive potentials during the first
twenty cycles. At the 40th cycle, the electrochromic film was nearly wholly peeled from the substrate. According to chronoamperometry curves,
the NiOx-9 films showed a faster response times (tb: 5.4 s, tc:6.2 s), when
compared with that of NiOx prepared under different pH medium (Figure
8c). Optical memory evaluation for two different states of the NiOx film
prepared at pH9 was shown in Figure 8d. Although the colored NiOx film
displayed a weakening of 24.2% after 5h, the weakening slowly for at least
48 h, which infers that the nickel oxide film had good optical memory for
prolonged times after elimination of the powersupply (Wang et al. 2020).

Figure 6. Schematic and optical images of ECD using Ni1-xWx (x: 0.024) as
counter electrode at the a), c) bleached state and b) d) colored state, respectively
(From Ref. Lee et al. 2020).
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Figure 7. Schematic diagrams and optical images of flexible EC devices using
c-ITO/graphene/PET transparent electrode at the (a) bleached state and (b)
colored state. (c) In situ transmittance modulation at 550 nm upon continuous
potential cycling (+1.5 ~ -1.5 V) and (d) transmittance spectra for flexible EC
devices (From Ref. Lee et al. 2020).

Figure 8. a) Optical transmittance spectra of the NiOx prepared at different pH
medium, b) CVs durability investigation of the NiOx film prepared at pH9, c)
chronoamperometry curves of the NiOx films at prepared at pH7 (blue dashed
line), and pH9 (green line) in 0.1 M K2B4O7electrolyte, d) Optical memory
investigation for the bleached (red) and colored (black) states of the NiOx film
prepared at pH9 (From Ref. Wang et al. 2020).

Li et al. synthesized one-dimensional cupper (Cu)-doped NiO nanofibers using electrospinning method and their electrochromic characteristics were evaluated (Li et al. 2020). Ni0.97Cu0.03O nanofibers showed
enhanced electrochromic performance, containing fast response time (tc:
1.6 s, tb: 0.9s), high optical contrast (73% at 550 nm), high coloration efficiency (77.9 cm2C-1), good cycling stability (80% after 2000th cycles)
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when compared with undoped NiO nanofibers (Figure 9). The improved
electrochromic performance can be ascribed to the synergetic effect of the
1D nanostructures with the decreased granule size and superior electrical
conductivity (Li et al. 2020).

Figure 9. (a) CV curves of Ni1- xCuxO ( x = 0, 0.01, 0.03, 0.05 and 0.1) nanofibers; (b) Digital photographs of Ni0.97Cu0.03O nanofibers based EC device in
colored state and bleached state; (c) Optical transmittance spectra of Ni1- xCuxO
(x = 0, 0.01, 0.03, 0.05 and 0.1) nanofibers in bleached and colored states; (d)
CA curves for Ni1- xCuxO (x = 0, 0.01, 0.03, 0.05 and 0.1) nanofibers with voltage
interval from −1.0 V (20 s) to 1.0 V (20 s); (e) Corresponding transmittance of
Ni1- xCuxO ( x = 0, 0.01, 0.03, 0.05 and 0.1) nanofibers at 550 nm; (f) Variation of
optical density ( ∆OD ) vs. charge density for Ni1- xCuxO ( x = 0, 0.01, 0.03, 0.05
and 0.1) nanofibers (From Ref. Li et al. 2020).

3.1.2. Electrochromic Nickel Oxide (NiO)-Conducting Polymer
Hybrids
It is well-known that the hybrid electrochromic material can show enhanced optical features than those of individual material (Liu et al. 2015).
The NiO/Polyaniline (PANI) composite film consisting of highly porous
was succesfully produced via assembling chemical bath deposition and
electrochemical deposition methods, consecutively (Xia et al. 2008). As
seen in Figure 10, the NiO/PANI film displayed a significant electrochromism with reversible various color alternations under different applied
potentials. Optical modulation was calculated as up to 56% at 550 nm for
NiO/PANI film (Xia et al. 2008).
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Figure 10. Photographs of a sample with a size of 2.5 × 2.5 cm2
under diverse applied voltages (From Ref. Xia et al. 2008).

One year later, the same group prepared NiO/poly(3,4-ethylenedioxythiophene) composite thin film by the same methods mentioned preparation of NiO/PANI composite (Xia et al. 2009). Multicolor electrochromism having various color change containing purple, light blue brown was
attained for the NiO/PEDOT composite film. Compared with the NiO film,
the higher current values were obtained for NiO/PEDOT film because of
higher electrochemical activity. The electrochemical processes occurred in
NiO/PEDOT film can be shown by the following electrochemical reactions
(Xia et al. 2009):
(10)
or
(11)
(12)
Sonavane et al. prepared nickel oxide/polypyrrole (NiO/PPy) thin
films by using simple electrodeposition and chemical bath deposition
(CBD) (Sonavane et al. 2010a). The NiO/PPy exhibited improved electrochromic features than their individual components. The improved situation
may be explained with the chemical bonding between them. The alternation from NiOx to LiyNiOy after intercalation and deintercalation of Li+ ions
results in alternation from Ni+3 to Ni+2. Due to alternation in charge form
Ni+2 to Ni+3, the NiO film changed from transparent color to brownish gray
color (Figure 11a). A simplified electrochemical reaction for NiO film was
shown in Eq. 13:
(13)
Transparent

Colored (Brownish gray)

Upon reduction process, PPy film became orange-yellow color and
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return to black-violet under oxidization process (Figure 11b). The reaction
can be shown in Eq. 14:
(14)
Insulating (Orange-yellow) Conducting (Black-violet)
As seen in Figure 11c, the color of NiO/PPy film appeared brown-yellow, black-violet under +1.5, -1.5 V applied voltages, respectively (Sonavane et al. 2010a).

Figure 11. Photographs of a sample (a) NiO, (b) PPy and (c) NiO/PPy under
diverse applied voltages (From Ref. Sonavane et al. 2010a).

In a different study, NiO/polyaniline (PANI) thin films were prepared
using electrochemical and chemical bath deposition methods (Sonavane et
al. 2010b). Improved electrochromic performance was obtained for NiO/
PANI electrode (∆T: 31%, CE: 85 cm2/C). NiO/PANI film showed high
durability up to 1000th cycles. The multicolours including yellow, light
green, violet, blue, dark green attained from the NiO/PANI electrodes are
displayed in Figure 12 (Sonavane et al. 2010b).

Figure 12. Photographs of a sample NiO/PANI in its coloured state under different applied potentials (From Ref. Sonavane et al. 2010b).

Švegl et al. produced electrochromic nickel oxide (Ni(1_x)O) thin films
and composite nickel oxide–polyaniline(Ni(1_x)O–PANI) thin films via peroxo soft chemistry route (Švegl et al. 2012). A simple schematic of in-
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teraction between Ni(1_x)O and PANI was displayed in Figure 13a-d. The
distorted octahedral coordination of Ni2+ with surplus of positive charge
(hole) at the grain boundary which is generated through nearby nickel vacancies is stabilized via a charge transfer (electron) from C=N double bond
of quinoid (N-Q-N) structure (Figure 13a). This charge transfer generates
a bipositive species in quinoid structure (Figure 13b) which turns to polaron (Figure 13c) and more stable bipolaron structure (Figure 13d). The
resistivity of Ni(1_x)O structure reduced by adding PANI, which results in
improved electrochromic influence in the presence of LiClO4-based electrolyte medium. The photopic transmittance modulations were attained as
more than 65% and 70% during switching for Ni(1_x)O and Ni(1_x)O–PANI
films, respectively (Švegl et al. 2012).

Figure 13. Simplified schematic presentation of PANI interaction with defect
Ni(1_x)O structure. (a,b) Recombination of holes from Ni(1_x)O and electrons from
PANI and (c,d) formation of bipolar on and polar on structure of EB, respectively
(From Ref. Švegl et al. 2012).

Jamdegni et al. fabricated a NiO functionalized polyaniline (PANI)
composite having color changes from a black to transparent (Figure 14)
(Jamdegni et al. 2020). This color change can be ascribed to the combination coloration of PANI (from transparent to dark green) and NiO (from
transparent to brown). Compared with PANI film, the PANI-fNiO film displayed higher optical modulation due to the synergistic additive of both the
components in coloration (Figure 15) (Jamdegni et al. 2020).

Figure 14. (a) PANI-fNiO electrode at different potentials (Pani-fNiO electrode has been displayed inside the white rectangular box) and (b) Colored and
bleached state of PANI-fNiO (From Ref. Jamdegni et al. 2020).
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Figure 15. Transmittance spectra in colored and bleached state of (a) PANI and
(b)PANI-fNiO (From Ref. Jamdegni et al. 2020).

4.Conclusion
This chapter has displayed the related to electrochromic materials with
the specific interest to hybrids of nickel oxide and conjugated polymers.
With the introduction of conducting polymers into NiO, the electrochromic
performance can be significantly improved. Conducting polymers can be
used to enhance conductivity of NiO, allowing to the improved electron
transport rate, faster switching time. Thus, with such type of addition both
NiO and conducting polymers synergistically favor each other’s coloration and bleaching state, presenting the enhanced optical contrast.The significant contribution provided by the materials based on NiO-conducting
polymers can be implemented towards the application of EC devices with
high performance.
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1. Introduction
Nanoscience and nanochemistry have gained extensive attraction in the
current scientific research studies due to offering fabrication of promising
multifunctional surfaces ranging from the medical applications (Tibbals,
2011; Costa and Mano, 2014; Ariga et al., 2019) to environmental (Azzouz
et al., 2018) and energy technologies for every aspect of life (Hammond,
2004; D. Gianeti et al., 2012). Materials in the nanometer length scale are
advantageous since they possess superior physical and chemical features
due to increased surface area, roughness, and area-to-volume ration (Hammond, 2004; Patel et al., 2017). Taking these advantageous of nanoscaled
materials, nanotechnology and nanochemistry have been utilized in conjunction with multidisciplinary approaches in order to design smart nanomaterials regarding their end-use application (Kotov, Dekdny and Fendler, 1995; Tang et al., 2006; Ariga, Hill and Ji, 2007; Seyrek and Decher,
2012; Costa and Mano, 2014; Ariga et al., 2019). Functional surfaces and
coatings strategies enabling the production of contact lenses (Zhang, Cao,
and Qi, 2020), medical implants (Mateescu et al., 2015), cell encapsulation, gene transferring, tissue engineering (Boudou et al., 2010; Nitta and
Numata, 2013) targeted drug delivery (Cui, Li and Decher, 2016), electrical and optical sensors (Lutkenhaus and Hammond, 2007; Shahamirifard, Ghaedi and Hajati, 2018), membranes for ultrafiltration (Ball, 2018a),
flame retardant surfaces (Zhang et al., 2013) can be given as some of the
examples of these studies.
On the other hand, it is worthy to note that variety of substances e.g.,
synthetic and natural polymers, inorganic particles or colloidal species are
used to prepare nanomaterials all of which are different in structure, shape,
stability, and functionalities (Hammond, 2004; Lynn, 2006; Tibbals, 2011;
Decher, 2012; Seyrek and Decher, 2012; Ariga et al., 2019) A schematic
representation of the type of polymers used in nanomaterial fabrication are
illustrated in Figure 1. Characteristics of the surrounding medium and the
physical and chemical properties of nanomaterials have a direct influence
on their durability, binding and loading capacities (Liu and Picart, 2016;
Jacob et al., 2018). The feature of these materials in nanometer length has
to meet certain requirements regarding their utilization in the area of interest. For instance, the ones implied in the biomedical application have to
provide biocompatibility to living cells without toxicity, or in case of stimuli-responsive surfaces, it is required to respond to a specific condition, e.g.
pH, temperature, magnetic field or electromagnetic radiation (Sukhorukov
et al., 2001; Bajpai et al., 2008; Delcea, Möhwald and Skirtach, 2011;
Yi and Sukhorukov, 2014). Therefore, analytical instrumental techniques
are of great importance to characterize the physicochemical properties of
these materials with high precision and accuracy as well as monitoring
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their building up process. Analytical tools and strategies are also essentially employed to understand and reveal the chemical and physical phenomena occurring behind the nanofabrication methodology (Yang, 2018). In
this regard, instrumental analytic chemistry focuses on not only analysis
of surfaces and interfaces of the nanomaterials but also the development of
experimental methods for imaging purposes and improvement of measurement techniques in sub-angstrom scales, alongside with design of devices
to construct nanomaterials with specific functionalities and/or to control
their structure (Szweda, Tschopp, Felix, Decher and Lutz, 2018).
In addition, it is very well known that a significant part of the atoms
comprising the nanomaterials is usually at the surface of the material (Tibbals, 2011). That is why, surface analysis and identifying the properties of
these materials, and development of surface coating and functionalization
strategies are the current research interest for various areas of application.
Multidisciplinary areas, e.g. material sciences, physics, chemistry, biology,
agriculture, food sciences, environmental technologies, and engineering
sciences including electrical, mechanical, and textile are all included in the
field of nanotechnology.

Figure 1. Types of polymeric molecules employed in nanofabrication.

During the last decade, new frontiers and progress in the nanotechnology and nanoscience let the development of surface modification and
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functionalization strategies to be used in all these areas as well (Hammond,
2000; Tang et al., 2006; Ariga, Hill and Ji, 2007; Lutkenhaus and Hammond, 2007; Becker, Johnston and Caruso, 2010; Ariga et al., 2013; Picart,
Caruso and Voegel, 2015; Richardson, Björnmalm and Caruso, 2015;
Richardson et al., 2016a; Ball, 2018a). There are innumerous studies that
have been carried out in this field and a variety of surface coating methods
have been applied and reviewed in the literature (De Villiers et al., 2011;
Pahal et al., 2017; Fuller and Köper, 2019). Among these, layer-by-layer
(LbL) deposition technique emerged in the early 1990s and become one of
the most popular surface coatings and functionalization techniques (Decher and Hong, 1991; Decher, Hong and Schmitt, 1992). Since then, multilayer films produced by alternative deposition of polymeric species having
complementary charged and/or functional groups has gained attraction and
intensively studied (Lichter, Vliet and Rubner, 2009; Vautier et al., 2011;
Wu and Zhang, 2012; Denga et al., 2013). Structure of LbL films provides
a favorable environment for the investigation of physicochemical phenomena that occur in multilayered self-assembly and design of supramolecular
materials (Schneider and Decher, 2008a; Ariga et al., 2009; An, Huang
and Shi, 2018; Szweda, Tschopp, Felix, Decher and Lutz, 2018). From
this point, the analytical instrumental techniques for monitoring the film
growth and evaluation of LbL film characteristics are of importance since
they provide necessary information for a better insight to understand these
physicochemical phenomena.
In this chapter, advance instrumental analysis techniques used to monitor the building up of LbL self-assemblies and to evaluate their physical
and chemical properties from an analytical point of view will be summarized. Advanced analytical instrumental methods utilized in the analysis of
LbL thin film surfaces regarding will be highlighted. The challenges and
current limitations in the analysis of multilayered self-assemblies focusing
on LbL-based nanostructures will be discussed.
2. LbL deposition and PEM films
The deposition of multilayers via sequential adsorption of colloids using oppositely charged silica particles was first demonstrated by Iler 1966
(Iler, 1966), and then this concept neglected until the early 1990s when it
was adopted to alternative deposition of a polyanion and polycation leading to the formation of polyelectrolyte multilayer (PEM) films (Decher and
Hong, 1991; Decher, Hong and Schmitt, 1992; Decher, 1997). Such architectures and coatings of oppositely charged polymers in a layer by layer
manner first realized and demonstrated by Decher et. al in 1991(Decher and Hong, 1991). Since then the method was named “layer-by-layer
(LbL)” deposition and it had been appeared more than a hundred thousand
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papers up to date. It has been widely utilized owing to allowing fabrication of nanoscaled materials with a well-defined architecture (Xuan et al.,
2006; Kim and Choi, 2007; Zhang, Chen and Zhang, 2007; Su et al., 2009;
Becker, Johnston and Caruso, 2010; De Villiers et al., 2011; Borges and
Mano, 2014; Costa and Mano, 2014). Indeed, it provides building up of
thin films in tunable thicknesses and composition by inexpensive routes
(Tang et al., 2006; Ariga, Hill and Ji, 2007; Ariga et al., 2013; Richardson,
Björnmalm and Caruso, 2015; Richardson et al., 2016a). Besides, it offers
a wealth of potential applications due to its versatility and applicability
using a vast number of layered components, such as organic or inorganic
polymers, proteins, viruses, cells, colloids, quantum dots (QDs), or complexes (Caruso, Caruso and Möhwald, 1998; Aliev et al., 1999; Fischer
and Laschewsky, 2000; Vuillaume et al., 2003; Yoo et al., 2006; Jewell and
Lynn, 2008; Kozlovskaya et al., 2011; De Saint-Aubin et al., 2012; Liang
et al., 2012; Moraes et al., 2013; Zhang and Sun, 2015). Drug delivery systems (Lynn, 2006; Becker, Johnston and Caruso, 2010; Cui, Li and Decher,
2016; Jacob et al., 2018), diagnosis (Boudou et al., 2010; Liu and Picart,
2016), biomimetics, cell encapsulation and tissue engineering (Tang et al.,
2006; Detzel, Larkin and Rajagopalan, 2011; Zhang, Xing and Li, 2018;
Liu et al., 2019), medical implants (Kerdjoudj et al., 2008; Mateescu et
al., 2015), inject printing (Andres and Kotov, 2010; Ajiro et al., 2015),
fuel cell and sensors, micro-batteries (Lee et al., 2010), hydrophobic and
flame-retardant surfaces prepared by LbL approach can be given just to
illustrate the application area of LbL.
In the LbL deposition method, traditionally, oppositely charged polyelectrolytes are deposited alternatively on a charged surface yielding polyelectrolyte multilayer (PEM) films in the nanometer scale (Decher and
Hong, 1991; Decher, Hong and Schmitt, 1992; Decher, 1997) (Figure 2).
It allows the deposition of various number of materials on any type of
substrate as long as either a charge reversal for electrostatic attraction or
interaction between the primary layer and initial layer material e.g. charge
transfer, hydrogen bonding, host-gest interaction, or covalent bonding, are
fulfilled (Cochin and Laschewsky, 1999; Dubas and Schlenoff, 1999; Ladam et al., 2000; Sukhishvili and Granick, 2002; Boulmedais et al., 2003;
Quinn et al., 2007; Seo et al., 2009; Bernsmann et al., 2010; Kozlovskaya
et al., 2011; An, Huang and Shi, 2018; Ball, 2018b). The versatility and
simplicity of LbL deposition techniques lies in its applicability on any platforms in any structure, shape, and size, such as planary, flat, spherical, or
rodlike in the forms of lipids, capsules, fibers (Caruso, Caruso and Möhwald, 1998; Donath et al., 1998; Volodkin et al., 2007; De Geest et al.,
2009; Richardson, Björnmalm and Caruso, 2015; Richardson et al., 2016a)
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Figure 2. a) Schematic illustration of an electrostatically driven LbL assembly on a planar substrate using oppositely charged polyions, b) LbL-spraying
(Decher and Hong, 1991; Decher and Schlenoff, 2012) (c) immersive LbL. 1 and
3: sequential adsorption steps of individual polyions, 2 and 4: washing/drying
(Decher and Hong, 1991, Izquierdo et al 2005).

The main phenamenon behind the LbL methodology, mechanism of
multilayer film growth and its distinct characteristics, parameters effecting
the LbL deposition; such as concentration of constituents, ionic strength,
pH, washing and drying steps, and temperature, and LbL technologies, e.g.
spraying, immersive, spin-assisted LbL either manually or by automatic
systems have been extensively studied and reported (Dubas and Schlenoff,
1999; Hammond, 2000; Boulmedais et al., 2003; Lynn, 2006; Tang et al.,
2006; Ariga, Hill and Ji, 2007; Lichter, Vliet and Rubner, 2009; Su et al.,
2009; Boudou et al., 2010; Cini et al., 2010; Vautier et al., 2011; Laachachi et al., 2012; Ball et al., 2012; Cini et al., 2012; Decher and Schlenoff,
2012; Ariga et al., 2013; Borges and Mano, 2014; Costa and Mano, 2014;
Richardson, Björnmalm and Caruso, 2015; Szweda, Tschopp, Felix, Decher and Lutz, 2018).
As the subject of LbL methodology and its area of application is a
quite broad concept unto itself and the fundamentals of LbL methodology
with the exception of the concept are extensively covered by current and
ongoing studies, the basics of the LbL technique and properties of LbL
films will not be discussed here. Although the proof of the principles behind this concept is already demonstrated, well-accepted, adjusting and
revealing of the mechanical properties of these films are still challenging
and it has some limitations (Tang et al., 2006; Borges and Mano, 2014).
For instance, it is difficult to characterize the LbL films in which the covalent crosslinking is the main driving force (Seo et al., 2009; An, Huang and
Shi, 2018; Ball, 2018b).
It is worthy to note that not only quantitative analysis but also qualitative analysis necessarily performed in order to a comprehensive understanding of the interactions in the nanometer scale in a more specific way.
Isolation of proteins in a core-shell structure can be achieved by isotope
labeling and label-free quantification (Wasdo et al., 2008) which can be
qualitatively visualized around the nanoparticles by confocal fluorescence
microscopy in live-cell imaging (Kantawong et al., 2009). However, extensive characterization methods through advanced analytical techniques
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are still required in order to describe how the size and charge of nanoparticle regulate the formation of these core-shelled structures under in-vivo
conditions (Wasdo et al., 2008; Kantawong et al., 2009; Cai et al., 2013;
Barui et al., 2020).
In this context, the role analytical instrumental techniques that are applicable for monitoring the film formation and evaluation of LbL film characteristics regarding the substrate type and film geometries are of importance. Herein, section 3., the most commonly used instrumental techniques
providing an overall description of the film growth, surface morphologies,
thicknesses, and composition regarding the substrate types and film fabrication mediums will be addressed.
3. Instrumental Analytic Methods in LbL Self-Assembled Films:
Overview
The instrumental analytic techniques used for evaluation of the LbL
films are mainly spectroscopic, chromatographic, microscopic, and electrochemical methods, as well as light scattering and refractometry. (Kujawa et
al., 2005; Halthur, Claesson and Elofsson, 2006; Ariga, Hill and Ji, 2007;
Seyrek and Decher, 2012; Ariga et al., 2013; Richardson, Björnmalm and
Caruso, 2015; Richardson et al., 2016a). It is a fact that characterization
methods are strongly dependent on the substrate material, being either flat
or nonflat. In addition, certain analytical techniques require specific materials and film properties to be applied (Surfaces, 2016). In this section, the
most commonly used analytical tools in LbL technology for monitoring
the film growth, analyzing the film internal structure and composition, imaging, revealing the morphological properties and stability, and determination of adsorption kinetic of layers will be summarized. In addition, the
general principles of several selected advanced instrumental methods as
being relatively new techniques will be provided. The provided references are given to provide a clear understanding of the instrumental analysis
techniques appropriate for LbL films without priority.
3.1 Monitoring the film growth and composition
In general, regular film growth and layer build up can be monitored
either change in optical absorbance or film thickness. Ellipsometry (ex situ
or in situ), Surface Plasmon Resonance Spectroscopy (SPR), Scanning
Angle Reflectometry (SAR) Optical Waveguide Light-mode Spectroscopy (OWLS), Small-angle X-Ray (XRR) or Neutron Reflectivity (NR),
Small-angle X-ray scattering (SAXS), Impinging Jet Reflectometry and
Dual-Polarization Interferometry (DPI) are some optical techniques used
to measure the film thickness on flat substrates (Decher and Schmitt, 1992;
Schmitt et al., 1993; Caruso et al., 1997; Lösche et al., 1998; Picart et
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al., 2001; Swann et al., 2004; Kujawa et al., 2005; Halthur, Claesson and
Elofsson, 2006; Ariga, Hill and Ji, 2007; Ariga et al., 2013). On the other hand, light scattering techniques, e.g. Dynamic Light Scattering (DLS)
(Schneider and Decher, 2008b), flow cytometry (Gunawan et al., 2014),
and microscopy (Kujawa et al., 2005) can be applied for monitoring the
building up of core-shell type LbL systems and PEMs on colloidal substrates. In addition to size measurements, charge reversal after each deposition is detected by zeta potential measurements (Ladam et al., 2000;
Sukhorukov et al., 2004; Irigoyen et al., 2009). However, depending on the
substrate type and film components consisting of specific adsorption bands
Ultraviolet (UV), UV-visible (UV-vis) Spectrophotometry (Laschewsky et
al., 1997; Richert et al., 2004) and Fourier transform Infrared Spectroscopy (FTIR) (Stockton and Rubner, 1997; Wang et al., 1997; Caruso et al.,
1998; Schwinté et al., 2001; Lawrie et al., 2007) can be employed for monitoring the film growth and determining the film composition and its structural properties It should be noted that a quartz glass substrate is required
for UV-Vis spectroscopy analysis if the sample is not in particulate form.
An increase in the absorption is observed relative to the adsorbed amount
of component in each layer. In case of FTIR (ex-situ or in-situ), the film
growth is monitored thought the chemical composition of the film via either reflection absorption (RAS) or attenuated total reflection (ATR) modes
depending on the type of substrate (Schwinté et al., 2001; Richardson et
al., 2016a). In addition to these techniques, Nuclear Magnetic Resonance
(NMR) (Smith et al., 2004; Vaca Chávez and Schönhoff, 2007), X-ray photoelectron spectroscopy (XPS) (Caruso et al., 1997; Lawrie et al., 2007)
and Circular dichroism (CD) spectrometry have been used to study the film
composition (Boulmedais et al., 2003). Among these techniques, NMR enables the determination of LbL film growing on colloidal particles in terms
of composition, diffusion, and hydration properties, but the details of these
concepts will not be discussed in this chapter.
3.2. Imaging, morphology, interfacial diffusion, and stability
Microscopic techniques including Scanning Electron Microscopy
(SEM), Transmission Electron Microscopy (TEM) (Gracio et al., 2013),
Atomic Force Microscope (AFM) (either dried or in solution), Scanning
Probe Microscopy (SPM) are used to study the morphology and imaging
of the multilayers (Caruso et al., 1998; Kujawa et al., 2005). Confocal
laser scanning microscopy (CLSM) in which the materials of interest are
labeled with fluorescent dyes has been applied to visualize the particulate
form of films and monitor the diffusion of layers as well (Picart et al.,
2002; Mertz et al., 2007). Importantly, it should be noted that due to the
requirement of an electron transparent sample for TEM measurements, it
is not convenient for imaging of a multilayer film as is. Nonetheless, vis-
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ualizing the cross-section of the film is possible if the film should be cut
into thin slides. Regarding that, TEM is appropriate only if the LbL film
growing is on a particulate substrate or nanotubes, or if it is a hollow capsule of core-shelled form. On the other hand, SEM requiring a conductive
sample, it is applicable if the LbL films deposited on a conductive material
unless the film itself displays no conductivity. However, both SEM and
TEM are applicable for nonflat or curved surfaces. In fact, XRR is also
appropriate to investigate the roughness and density of the LbL films as
well as thickness determination. Although it has limited use due to a lack of
information on molecular conformation within the film matrix, it provides
useful data to understand the structural differences regarding stratification.
NR also helps to resolve the internal structure of the LbL films. Interfacial
roughness and polymer interpenetration can be revealed by this technique
(Kharlampieva et al., 2008; Félix et al., 2009). Composition profiles of the
films can be precisely obtained by NR since it allows the measurement of
thickness along with z-direction normal to the interface on a length scale
of up to 500nm with a resolution of about 0.2nm. Besides, measurements
in the liquid state, such as High Pressure Liquid Chromatography (HPLC),
could be useful to determine the chemical stability and nano-encapsulation
efficiency especially in case of drug entrapment (Kabary et al., 2018).
Moreover, Differential Interference Contrast (DIC) (Richardson et
al., 2013) microscopy is used to study visualizing the LbL capsules of
about larger than 500nm with high interference contrast (Richardson et
al., 2016b). Apart from these methods, contact angle measurements are
useful to study the roughness of LbL films. Profilometry has been used as
an analytical tool for the mechanical measurement of LbL film thickness
(Lutkenhaus et al., 2007). Furthermore, electrochemical methods, e.g. cyclic voltammetry (CV) (Yoshida et al., 2014) in the case of conductive
films having redox potential and electrochemical impedance spectroscopy (Lutkenhaus et al., 2007) are used as analytical tools in LbL science
and technology. In electrochemical impedance spectroscopy, in-plane and
cross-plane ion transportation are measured via conductivity. Comparison
of in-plane and cross-plane ion transfer speed gives knowledge on material
properties of the films regarding orientation, e.g. isotropic or anisotropic
film structure.
3.3. Kinetics of adsorption
A simple quartz crystal microbalance (QCM) device was first introduced by Kunitake, Lvov and Ariga for in-situ investigations of LbL assembling processes (Lvov, Ariga and Kunitake, 1994; Lvov et al., 1995). It
allows the quantification of the film mass in the nanogram level with great
precision over a QCM cell. In this method, adsorption rate and amount
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of adsorbed material hence adsorption kinetic are obtained. However, it
should be noted that the overall mass detected in an in situ QCM includes
not only the mass of adsorbed layer but also the water associated with the
multilayers or substrate (Seyrek and Decher, 2012). Nevertheless, reliable
qualitative analysis is provided by this method. OWLS and SPR can be
also used for studies of adsorption kinetic as well as for determining the
dielectric constant, thickness, and anisotropy.
3.4. In situ characterization
Depending on the end-use application of the LbL PEMs, the composition of the films is often very complicated and combination of several analytical tools are imperatively employed for characterization and
monitoring of the LbL deposits (Halthur, Claesson and Elofsson, 2006;
Ariga, Hill and Ji, 2007; Ariga et al., 2013; Richardson, Björnmalm and
Caruso, 2015; Richardson et al., 2016b). Utilizing in situ instrumental analytic techniques together with other analytical tools are typical examples of
these applications, such as Scanning Tunneling Microscopy (STM) (Zajac
et al., 1994), in situ ellipsometry, QCM-D, DPI, and AFM (Bao, Mahurin
and Dai, 2004; Goulet et al., 2005; Lee et al., 2010; Li et al., 2012). Not
limited to the aforementioned instrumental analytic methods, Surface-Enhanced Raman Scattering (SERS) has been used to study the adsorption
of layers in LbL films (Caruso et al., 1998; Goulet et al., 2005; Hansen,
Fellingham and Russell, 2011; Peng et al., 2013). Principles of all of these
techniques can be found elsewhere while some representative examples
are referred to in this chapter. However, the general principles of SPR,
XPS, CD, and representative examples for SERS and DPI as being a relatively new technique will be given in detail in section 3.5.
3.5. Miscellaneous Instrumental Techniques
3.5.1. Surface Plasmon Resonance Spectroscopy (SPR)
The principles of SPR is based on the charge density oscillation phenomenon at the interface of two media with a dielectric constant of opposite signs (Kujawa et al., 2005; Ferreira, Mendes and Kubota, 2010). Upon
interaction of light having a specific wavelength with an AuNP, the free
electrons in the metal oscillate collectively. When the incoming light has
the same wavevector with the oscillating conduction electrons, the incoming energy is absorbed into the plasmon wave and, hence resonance occurs.
Typically, dielectric properties of AuNPs changes in the case of a polymer
layer is added on to the surface of AuNPs. As a result of that change in
dielectric properties, the SPR peak is shifted. As each layer added the peak
wavelength is decreases and dielectric properties change. It is a conven-
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ient technique to study air-dried LbL films likewise ellipsometry, and it is,
therefore used to investigate the effect of pH or polymer molecular weight
on film growth.
3.5.2.X-ray photoelectron spectroscopy (XPS)
In XPS, the energy levels of photoelectrons in a spectrum with a series
of photoelectron peaks having characteristic binding energies for each element are determined, hence chemical composition of a surface is obtained
using these peak areas. Chemical bonding information by shifts in peaks
and binding energies due to changes in the chemical state of the emitting
atom are also provided, enabling the multilayers to be monitored for chemical reactions (Caruso et al., 1997; Liu et al., 2015)
3.5.3. Circular dichroism (CD) spectrometry
This technique is appropriate for the determination of the structure of
chiral molecules. The differential absorption of right- and left-circularly
polarized light is determined and an accurate determination of secondary
the film structure displaying chirality, (e.g. proteins, polypeptides, polysaccharides, chiral dyes) within LbL film matrix is fulfilled. CD indeed provides information on both the content and conformation of the molecules.
Therefore, it is applicable to study the conformational changes within the
film structure during film growth upon any conditional changes, e.g. ionic
strength, pH, and temperature.
3.5.6. Surface-Enhanced Raman Scattering (SERS) in LbL film
analysis
In SERS, measurement of large increases in Raman scattering
cross-sections of molecules adsorbed at the surfaces of nanoscale metallic
particles is provided, hence it enables the characterization of LbL thin films
incorporating metallic nanoparticles (Ariga, Hill and Ji, 2007; Lee et al.,
2010; Li et al., 2012). For instance, the utilization of LbL films dendrimer
and colloidal Ag particles was proposed as an excellent substrate for SERS
measurements by Aroca and co-workers (Goulet et al., 2005). Similarly,
thin layers of TiO2 on a silver island film substrate prepared by the LbL surfaces sol-gel approach serving as a unique SERS substrate to monitor the
adsorption of several molecules on dielectric titania surfaces was demonstrated by Bao et. al (Bao, Mahurin and Dai, 2004). An improvement in the
stability of SERS substrates was reported due to the protection capability
of TiO2 to silver islands from oxidation and aggregation. Electromagnetic
enhancement at distances within the LbL film matrix let these films having
chemically selective external layers to be utilized as sensors for specific
analytes (Ariga, Hill and Ji, 2007).
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3.5.7. Dual-Polarization Interferometry (DPI) in LbL film
analysis
DPI enables the measurement of changes both in thickness and refractive index of the deposited layers in situ (Swann et al., 2004). The principle of this technique based on the effect of surface adsorption on the decreasing wave field emitted from the sensing waveguide, so that a change
in the light traveling through the reference and propagating through the
sensing waveguide occurs. The shift in the fringe pattern in the far-field is
observed as a result of this change and it is alternatively and continuously
recorded for both horizontally and vertically polarized light. The combination of both polarizations enables a solution of thickness and refractive index. Upon comparison, an excellent agreement has been observed between
the masses detected by ellipsometry (Ariga, Hill and Ji, 2007). Analysis
of PGA/PLL LbL films immobilized with matrix derivate protein was performed using DPI as well as in situ ellipsometry and QCM-D by Elofsson
and coworkers (Halthur, Claesson and Elofsson, 2006).
4. Challenges and Concluding Remarks
In this chapter, several selected advanced instrumental methods applied in characterization LbL films are summarized. Instrumental analysis techniques used to monitor the building up of LbL self-assemblies
and to evaluate their physical and chemical properties from an analytical
point of view are exemplified. It is attempted to give representative studies
to provide a clear understanding of the instrumental analysis techniques
appropriate for LbL films without any intention on the emphasis of their
priority. Instrumental analytic chemistry focuses on not only the analysis
of surfaces and interfaces of the nanomaterials but also the development of
experimental methods for imaging purposes and improvement of measurement techniques in sub-angstrom scales, alongside with design of devices
to construct nanomaterials with specific functionalities and/or to control
their structure. Analytical tools and strategies are of importance for understanding and revealing the chemical and physical phenomena occurring
behind the nanofabrication methodology as well. It is worthy to note that
not only quantitative analysis but also qualitative analysis necessarily performed in order to a comprehensive understanding of the interactions in
the nanometer scale in a more specific way. Although the proof of the principles behind LbL methodology is already demonstrated, well-accepted,
and despite its wide applicability, adjusting and revealing the mechanical
properties of these films are still challenging and it has some limitations.
For instance, it remains difficult to characterize the film if the covalent
crosslinking is the main driving force in the film construction. Besides, extensive characterization methods through advanced analytical techniques
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are still required in order to describe how the size and charge of nanoparticle regulate the formation of these core-shelled structures under in-vivo
conditions. The design of multifunctional nanomaterials requires collaborative work between various areas of science and engineering technologies
in all of which the utilization of instrumental analytical tools is inevitable.
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1. Introduction
Throughout history, the eccentric mathematicians have popular appeal. For proving this allegation, the mathematicians; George Dantzig,
John Nash, Grigori Perelman, Henri Poincaré can be given. Now, the historical development will be presented in consideration of the studies made
before, that are given in the references. Also, I should note that this is a
compilation work that’s main works are given in the references.
George Dantzig, who died in 2005, regarded as the father of linear programming and known for his contributions in statistics, computer
science and economic analysis. Let’s have a goosey at the history of this
mathematician: “In 1939, a mathematics student, George Dantzig, at the
University of California, Berkeley (USA) arrived late for class. Before the
end of the lesson, he wrote in his notebook the two problems that the professor had written on the blackboard, assuming that they were the assigned
homework. The student took a few days to deliver the solutions, since the
task was more difficult than usual. A few weeks later, on a Sunday at 8 am,
the student and his wife were awakened by the sound of someone banging
on the door of their house. It was the professor, in a state of great excitement; those mathematical formulations written on the blackboard were not
exercises for the class, but rather two famous problems of statistics that
nobody had been able to solve, until then.” Russian mathematician Grigori
Perelman, who solved the Poincaré Conjecture only to reject the Fields
Medal and the prize of one million dollars offered by the Clay Mathematics Institute. The hypothesis proposed by Henri Poincaré in 1904 says
that, “just as a rubber band around a sphere can shrink until it is reduced
to a single point without detaching from the surface, the same applies to
a hypersphere in four dimensions; and this, in turn, does not occur with a
donut-shaped body.” The Poincaré Conjecture is the only solved one of
the seven Millennium Problems, each within the specified prize, a million
dollar, by the Clay Institute. According to Devlin, the solutions to some of
these problems could have practical implications. Devlin clarifies that this
is not the case for the greatest enigmas of mathematics; the key does not lie
in “knowing what the answers are,” but rather in “the method of solution
in which one would hope to find many benefits for humanity.” “Usually,
knowing the answer to whatever mathematical problem has no value other
than that of curiosity,” says the expert. “Mathematicians actually have very
little interest in the specific answer to a question. Rather, the interest lies
in how one reaches that answer.” We underline that the aforementioned
results in solutions of math tricks all rely on blowing your mind.
2. Mathematical Games
A mathematical game is a game whose rules, strategies and out-
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comes are defined by clear mathematical parameters. Generally, mathematical games need not be conceptually sophisticated to involve deeper
computational background materials. One of the most popular mathematician and science writer, with interests in mathematical games was Martin
Gardner (October 21, 1914 – May 22, 2010).

Martin Gardner

Gardner was best known for creating and sustaining interest in recreational mathematics—and by extension, mathematics in general—throughout the latter half of the 20th century, principally through his “Mathematical Games” columns. Over a period of 24 years (January 1957 – December
1980), Martin Gardner wrote 288 successive monthly “Mathematical
Games” columns for Scientific American magazine. During the next 7½
years, through June 1986, Gardner wrote 9 more columns, bringing his
total to 297, as other authors wrote most of the “Mathematical Games”
columns. Gardner, as recounted in his book Mathematics for fun (1988),
hoped that readers could “resist the temptation to look up the answer before they sincerely tried to solve the problem.” And whether they found the
right answer or not, he wished that “they were happy for having been confused.” In the view of Gardner’s assessments, some mathematical tricks
will be obtained in the following section.
3. Mathematical Tricks
In this section, 10 Math tricks are presented that will blow your mind.
These simple math tricks can help you perform calculations more quickly
and easily. They also come in handy if you want to impress your teacher,
parents, or friends. Also, the solutions generalize by exploiting some general facts seemingly overlooked by the aforementioned authors.
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1. Multiplying by 6
If you multiply 6 by an even number, the answer will end with the
same digit. The number in the ten’s place will be half of the number in the
one’s place.
Example: 6 x 4 = 24.
2. The Answer Is 2
1. Think of a number.
2. Multiply it by 3.
3. Add 6.
4. Divide this number by 3.
5. Subtract the number from Step 1 from the answer in Step 4.
The answer is 2.
3. Same Three-Digit Number
1. Think of any three-digit number in which each of the digits is the
same. Examples include 333, 666, 777, and 999.
2. Add up the digits.
3. Divide the three-digit number by the answer in Step 2.
The answer is 37.
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4. Six Digits Become Three
1. Take any three-digit number and write it twice to make a six-digit
number. Examples include 371371 or 552552.
2. Divide the number by 7.
3. Divide it by 11.
4. Divide it by 13.
The order in which you do the division is unimportant!
The answer is the three-digit number.
Examples: 371371 gives you 371 or 552552 gives you 552.
1. A related trick is to take any three-digit number.
2. Multiply it by 7, 11, and 13.
ber.

The result will be a six-digit number that repeats the three-digit numExample: 456 becomes 456456.
5. The 11 Rule
This is a quick way to multiply two-digit numbers by 11 in your head.
1. Separate the two digits in your mind.
2. Add the two digits together.

3. Place the number from Step 2 between the two digits. If the number from Step 2 is greater than 9, put the one’s digit in the space and carry
the ten’s digit.
Examples: 72 x 11 = 792.
57 x 11 = 5 _ 7, but 5 + 7 = 12, so put 2 in the space and add the 1 to
the 5 to get 627.
6. Memorizing Pi
To remember the first seven digits of pi, count the number of letters in
each word of the sentence:
“How I wish I could calculate pi.”
This becomes 3.141592.
7. Contains the Digits 1, 2, 4, 5, 7, 8
1. Select a number from 1 to 6.
2. Multiply the number by 9.
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3. Multiply it by 111.
4. Multiply it by 1001.
5. Divide the answer by 7.
The number will contain the digits 1, 2, 4, 5, 7, and 8.
Example: The number 6 yields the answer 714285.
8. Multiply Large Numbers in Your Head
To easily multiply two double-digit numbers, use their distance from
100 to simplify the math:
1. Subtract each number from 100.
2. Add these values together.
3. 100 minus this number is the first part of the answer.
4. Multiply the digits from Step 1 to get the second part of the answer.
9. Super Simple Divisibility Rules
You’ve got 210 pieces of pizza and want to know whether or not you
can split them evenly within your group. Rather than whip out the calculator, use these simple shortcuts to do the math in your head:
•

Divisible by 2 if the last digit is a multiple of 2 (210).

• Divisible by 3 if the sum of the digits is divisible by 3 (522 because
the digits add up to 9, which is divisible by 3).
• Divisible by 4 if the last two digits are divisible by 4 (2540 because 40 is divisible by 4).
•

Divisible by 5 if the last digit is 0 or 5 (9905).

•

Divisible by 6 if it passes the rules for both 2 and 3 (408).

Divisible by 9 if the sum of the digits is divisible by 9 (6390 since
6 + 3 + 9 + 0 = 18, which is divisible by 9).
•
•

Divisible by 10 if the number ends in a 0 (8910).

•

Divisible by 12 if the rules for divisibility by 3 and 4 apply.

Example: The 210 slices of pizza may be evenly distributed into
groups of 2, 3, 6, 10.
10. Finger Multiplication Tables
Everyone knows you can count on your fingers. Did you realize you
can use them for multiplication? A simple way to do the "9" multiplication
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table is to place both hands in front of you with fingers and thumbs extended. To multiply 9 by a number, fold down that number finger, counting
from the left.
Examples: To multiply 9 by 5, fold down the fifth finger from the left.
Count fingers on either side of the "fold" to get the answer. In this case, the
answer is 45.
54.

To multiply 9 times 6, fold down the sixth finger, giving an answer of
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