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CONTRIBUTION TO THE HERPETOFAUNA OF SERBIA - 

DISTRIBUTION OF REPTILES IN KOSOVO AND METOHIJA 

PROVINCE 
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2
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2
Faculty of Science and Mathematics, University of Priština, Kosovska Mitrovica, Serbia 
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ABSTRACT 

Kosovo and Metohija have already been recognized as regions with the highest diversity of reptiles in Serbia, 

where 92% (22 of 24) of existing reptile species can be found (Tomović et al., 2015a). First comprehensive 

contribution to herpetofauna of Kosovo and Metohija was provided by late Professor Gojko Pasuljević. In this 

study we present a complete dataset of distribution records for 13 most common reptile species in Kosovo and 

Metohija, including published and new distribution data compiled, and provide standardized 10 x 10 km UTM 

maps for these data. Results of this study include 1013 distribution records (278 new and 735 published data) for 

the following reptiles: Testudo hermanni, Ablepharus kitaibelii, Anguis fragilis, Lacerta agilis, Lacerta viridis, 

Podarcis muralis, Podarcis tauricus, Coronella austriaca, Dolichophis caspius, Natrix natrix, Natrix tessellata, 

Zamenis longissimus and Vipera ammodytes. The most widely distributed species, which occupy more than 50 

UTM 10 x 10 km squares are: Podarcis muralis and Vipera ammodytes. Species with limited distribution which 

occupy less than 20 UTM 10 x 10 km are: Dolichophis caspius and Lacerta agilis. The largest numbers of new or 

confirmed literature data are recorded for: Anguis fragilis, Testudo hermanni and Vipera ammodytes. Having in 

mind that after 50 years, this is the first comprehensive study of the distribution of reptiles in Kosovo and 

Metohija exclusively, the presented faunistic data are far from being complete. Further systematic studies should 

provide a more complete insight into the distribution of herpetofauna of this province of Serbia.  

Keywords: Herpetofauna, Faunistics, Serbia, Kosovo and Metohija. 

INTRODUCTION 

The

 first important step preceding the studies of 

systematics, ecology and biogeography is the comprehensive 

knowledge of biodiversity of a certain region. Therefore, 

systematic faunistic studies are of increasing significance, 

especially in the regions or countries with incomplete species 

distribution data (Margules et al., 2002; Jelić et al., 2013; 

Tomović et al., 2014). Detailed distribution data are essential for 

identification of biodiversity “hotspots” i.e. areas with 

exceptional species assemblages, high levels of endemicity 

and/or areas under significant threats (Gaston et al., 2002). 

Concerning the herpetofauna, the Balkan Peninsula is 

recognized as one of the richest biodiversity hotspots in Europe 

(Džukić & Kalezić, 2004). Being situated in the central part of 

the Balkans, Serbia is a very important territory for diversity of 

reptiles, due to the occurrence of various biogeographical 

phenomena: presence of the Balkan endemic species and relicts, 

different faunal elements, marginality of certain species’ ranges 

and presence of peripheral populations, as well as range 

fragmentation (Džukić, 1995; Džukić & Kalezić, 2004). 

                                                           
  * Corresponding author: lili@bio.bg.ac.rs 

Province of Kosovo and Metohija has already been 

identified as one of the regions with the highest reptile’s 

diversity in Serbia, with 22 species recorded (Tomović et al., 

2015a). First comprehensive contribution to herpetofauna of 

Kosovo and Metohija was given by Pasuljević (1968). In the 

following decades, faunistic papers were primarily focused on 

several rare (or uncommon) species with peripheral or disjunct 

occurrence within the territory of ex-Yugoslavia or Serbia: 

Algyroides nigropunctatus (Džukić, 1970; Džukić & Pasuljević, 

1979), Darevskia praticola (Džukić, 1974; Pasuljević & Džukić, 

1979), Cyrtodactylus kotschyi (Ajtić & Tomović, 2001). 

The most recent publication of complete herpetofauna of 

Serbia (including Kosovo and Metohija) presented only broad 

overview of confirmed or potential distribution of reptile species, 

but without precise distribution records (Tomović et al., 2014). 

Several species or group-oriented papers for the territory of 

Serbia provided complete distribution summary and filled up the 

gap concerning distribution of reptiles in Kosovo and Metohija: 

Emys orbicularis (Krizmanić et al., 2015; Golubović et al., 

2017), Testudo hermanni (Ljubisavljević et al., 2014), Testudo 

graeca (Tomović et al., 2004; Ralev et al., 2013), Ablepharus 

kitaibelii (Ljubisavljević et al., 2015), Lacertids (Urošević et al., 

2015), Colubrids (Tomović et al., 2015b) and Vipers (Jelić et al., 

2013). However, data concerning the distribution of the most 
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common, well-known and generally widespread species (e. g. 

Lacerta agilis, Lacerta viridis, Podarcis muralis, Natrix natrix, 

Natrix tessellata, Coronella austriaca and Zamenis longissimus) 

were relatively poor and scattered. 

Therefore, with this study we aim to: (i) publish a complete 

dataset of distribution records of 13 most common reptile species 

in Kosovo and Metohija, summarizing already published and 

new distribution data, and (ii) provide standardized 10 x 10 km 

UTM maps of the summarized data. 

MATERIAL AND METHODS 

In this study, we presented a large dataset (1013 occurrence 

records) of distribution of the most common species of 

herpetofauna in Kosovo and Metohija. 

This study is based on the species’ occurrence records from 

authors’ field observations (field data) which were kindly 

donated by our colleagues (see Acknowledgements). The species 

were identified using standard herpetological literature (Arnold 

& Ovenden, 2002), by visual inspection of specimens from the 

photographs, or directly in the field. Regarding taxonomy and 

current nomenclature, we followed Jablonski et al. (2016), 

Sillero et al. (2014) and Uetz et al. (2017). Due to several 

objective reasons, the entire territory of Kosovo and Metohija 

(Figure 1) was not covered by faunistic research. Our dataset is 

still incomplete; the lack of data from certain areas does not 

necessarily imply the absence of species. In addition to new 

(field) records, we used 735 published records from the available 

literature.  

 

Figure 1. Map of Republic of Serbia with study area – Kosovo 

and Metohija province (grey). 

The data were classified as: (i) new field data (red-white 

dots), (ii) literature data (red-black dots) and (iii) existing data 

confirmed by field work (red dots). All records were mapped in 

the 10 x 10 km UTM (Universal Transverse Mercator) grid. 

We applied the threshold of occurrence in classifying the 

abundancy of the species: (i) most widely distributed species 

(more than 50 UTM 10 x 10 km squares), (ii) quite widely 

distributed species (43 – 47 UTM 10 x 10 km squares), (iii) 

relatively common species (27 – 34 UTM 10 x 10 km squares), 

(iv) species with limited distribution (less than 20 UTM 10 x 10 

km squares). 

RESULTS 

Results of this study included 1013 distribution records 

(278 new and 735 published data) for 13 most common reptiles 

in Kosovo and Metohija province: Testudo hermanni, 

Ablepharus kitaibelii, Anguis fragilis, Lacerta agilis, Lacerta 

viridis, Podarcis muralis, P. tauricus, Coronella austriaca, 

Dolichophis caspius, Natrix natrix, N. tessellata, Zamenis 

longissimus and Vipera ammodytes. We excluded other nine 

reptile species which inhabit this part of Serbia (Tomović et al., 

2015a), due to lack of new faunistic data. In Figures 2–5, 

detailed distribution records of 13 reptile species in Kosovo and 

Metohija province are provided. 

For each species, new records in Kosovo and Metohija 

(with broad locations, exact localities, toponyms, UTM and 

names of persons who provided data) are given in Appendix 1. 

Data from the literature (with broad locations, exact localities, 

toponyms, UTM and literature sources) are presented in 

Appendix 2. 

According to our dataset, the most widely distributed 

species in the entire territory of Kosovo and Metohija are: the 

wall lizard (Podarcis muralis – 55) and the nose-horned viper 

(Vipera ammodytes – 53). Four reptile species are quite widely 

distributed: the grass snake (Natrix natrix – 47), the green lizard 

(Lacerta viridis – 47), the Hermann’s tortoise (Testudo hermanni 

– 44) and the Aesculapian snake (Zamenis longissimus – 43). 

Relatively common species are: the Balkan wall lizard (Podarcis 

tauricus – 34), the dice snake (Natrix tessellata – 31), the smooth 

snake (Coronella austriaca – 31), the snake-eyed skink 

(Ablepharus kitaibelii – 29) and the slow-worm (Anguis fragilis 

– 27). Species with limited distribution in Kosovo and Metohija 

are: the Caspian whip-snake (Dolichophis caspius – 15) and the 

sand lizard (Lacerta agilis – 13) (Figures 2–5). The largest 

numbers of new or confirmed literature data are recorded for the 

following species: Anguis fragilis (19 new and 6 confirmed 

literature data), Testudo hermanni (18 new and 11 confirmed 

literature data) and Vipera ammodytes (8 new and 32 confirmed 

literature data). 
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Figure 2. Records of a) Testudo hermanni, b) Ablepharus kitaibelii, c) Anguis fragilis in Kosovo and Metohija (National Grid UTM 

10 x 10 km). Red-white dots – new records, Red-black dots – literature c records, Red dots – literature + new records. 

 

Figure 3. Records of a) Lacerta agilis, b) Lacerta viridis, c) Podarcis muralis, d) Podarcis tauricus in Kosovo and Metohija 

(National Grid UTM 10 x 10 km). Red-white dots – new records, Red-black dots – literature records, Red dots – literature + new 

records. 
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Figure 4. Records of a) Coronella austriaca, b) Dolichophis caspius, c) Natrix natrix, d) Natrix tessellata in Kosovo and Metohija 

(National Grid UTM 10 x 10 km). Red-white dots – new records, Red-black dots – literature records, Red dots – literature + new 

records. 

 

Figure 5. Records of a) Zamenis longissimus, b) Vipera ammodytes in Kosovo and Metohija (National Grid UTM 10 x 10 km). Red-

white dots – new records, Red-black dots – literature records, Red dots – literature + new records. 

DISCUSSION 

Kosovo and Metohija have already been recognized as 

regions with the highest diversity of reptiles in Serbia, were 92% 

(22 of 24) of existing reptile species can be found (Tomović et 

al., 2015a). The only missing species are Elaphe quatuorlineta 

and Platyceps najadum, which occur in southern Serbia (Pčinja 

river valley) (Tomović et al., 2015a). 

Comparison of distribution of reptiles in Kosovo and 

Metohija with the entire territory of Serbia reveals a similar 

pattern: the most common species in Serbia are widely 

distributed in Kosovo and Metohija as well. All these species 

show uniform occurrence, determined by the presence of various 

adequate habitats, from lowlands to high mountains, as well as 

from aquatic to forest habitats. The new faunistic data expand 

their known distribution in Kosovo and Metohija. Presence of 

gaps in distribution reflects rather the lack of faunistic research 

in particular regions, than the actual absence of the species. 

The largest number of new and literature records exist for 

three species which distribution in Serbia has not been published 
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yet (Anguis fragilis), or which distribution included the complete 

territory of ex Yugoslavia: Testudo hermanni (Ljubisavljević et 

al., 2014) and Vipera ammodytes (Jelić et al., 2013). 

According to our dataset, two reptiles show limited and, to 

some extent, disjunct distribution in Kosovo and Metohija: 

Lacerta agilis and Dolichophis caspius (Figures 3 and 4). In 

Serbia, Lacerta agilis inhabits areas with continental and alpine 

climates, and avoids moderate-continental and sub-

Mediterranean climates (Urošević et al., 2015); the same 

distribution pattern appears in Kosovo and Metohija. 

Dolichophis caspius has also a very fragmented and relatively 

restricted range in our country (Tomović et al., 2015b). The 

Caspian whip snake is associated with open steppe and forest-

steppe habitats (Arnold & Ovenden, 2002). The most probable 

reason for its current distribution pattern is the lack of suitable 

habitats caused by alterations of original steppes and forest-

steppes into agricultural fields. It should be noted that small 

number of distribution records for these two species could also 

be the consequence of insufficient faunistic research. 

As previously mentioned (Tomović et al., 2015b), in 

addition to five Colubrid species recorded in Kosovo and 

Metohija until now, some other taxa can be expected: Hierophis 

gemonensis, Malpolon insignitus, Telescopus fallax and Zamenis 

situla. These species reach their distribution limits in Macedonia 

(Sterijovski et al., 2014) or in Albania (Haxhiu, 1998), very close 

to the Serbian border. Thus, we suppose that the presence of the 

abovementioned snakes in Kosovo and Metohija could be 

confirmed in the future studies. Dinarolacerta montenegrina, 

endemic lizard of the Prokletije mountain massif, is known from 

a small number of locations in Montenegro and Albania 

(Ljubisavljević et al., 2016; Mizsei et al., 2017). Parts of the 

Prokletije Massif lie in the bordering areas of the western 

Metohija, therefore, this species could also be expected in this 

area as well (Urošević et al., 2015). 

Having in mind that after 50 years, this is the first 

comprehensive study of the distribution of reptiles in Kosovo 

and Metohija exclusively, the faunistic data presented herein are 

far from being complete; As it can be seen from this study, many 

areas (e.g. in Metohija) are still insufficiently studied. Further 

systematic studies of both rare and common reptile species, 

should provide a more comprehensive insight into the 

distribution and diversity of herpetofauna of this province of 

Republic of Serbia. 
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ABSTRACT

This work reports on results from occasional collections in many sites of Serbia in the period 2015-2018., as well as
one earlier material from 1982. By more than 50 excursions, from March to October, by day and night and by light
traps, a total amount of 45 selected species of Lepidoptera from 10 families were caught. A full list and description of
the localities of collection, some colour plates and the comment about some species apart relevant are also included.

Keywords: Lepidoptera, Serbia

INTRODUCTION

During the few last decades our knowledge of the Lepi-
doptera fauna of Serbia has significantly increased. The most no-
table contributions are by Jakšić (2016b) for Serbian „Microlepi-
doptera”,Vasić (2002) and Beshkov (2015) for Serbian Noctuidae,
Tomić et al. (2002) and Dodok (2006) for Serbian Geometridae, as
well as Stojanović (2012) and Vajgand (2012) for Vojvodina, also
Beshkov (2015, 2017),Plant et al. (2017) and Jakšić (2017) for
eastern Serbia. Still, a significant part of territory of Serbia remain
with only few historical or recent publications. The researchers at-
tention was focused on new species for Serbian fauna. On the other
hand, data on "ordinary" species are insufficient.

The goal of this paper is to improve our knowledge about
distribution of Lepidoptera species in Serbia. Besides, all available
literature and collection data were taken into account.

MATERIALS AND METHODS

To gain an overview of the knowledge of the Lepidoptera
fauna of Serbia all the available literature was consulted.

Specimens were collected with entomological net and light
trap, using Mercury vapor bulb 125 W. The positions and coordi-
nates at which the Lepidoptera were caught were determined using
Garmin e-Trex 10 Vista GPS device. The following sites were in-
vestigated: Beograd, Avala Mt., 320 m, 44◦41’ 45" N; 20◦ 31’
04" E; Beograd, Zvezdara, 187 m, 44◦ 47’ 53" N; 20◦ 30’ 18"
E; 113–122, 8 figs, 80 m, 44◦ 48’ 58" N; 20◦ 26’ 02" E; Zlatibor
Mt., vic. Ljubiš village, 1105 m, 43◦ 37’ 42" N; 19◦ 45’ 24" E;
Kovin, vic. Dubovac village, 70 m, 44◦ 47’ 36" N; 21◦ 12’ 25"
E; Bela Palanka, Šljivovički Vis Mt., 926 m, 43◦ 08’ 28" N; 22◦

23’ 09" E.; Pirot, Crni Vrh Mt., 1123 m, 43◦ 10’ 51" N; 22◦ 38’
52" E; Svrljig, Tresibaba Mt., 700 m, , 43◦ 30’ 14" N; 22◦ 12’
57" E; Golubački grad, 110 m, , 44◦ 38’ 42" N; 21◦ 41’ 15" E;
Novo Brdo, Bostane village, 800 m, 46◦ 36’ 02" N; 21◦ 25’ 40"
E; Divčibare vic. Kaona, 829 m, , 44◦ 06’ 39" N; 19◦ 56’ 17" E;
Sjenica, vic. Trijebine, 1227 m, , 43◦ 13’ 50" N; 19◦ 57’ 19" E;
Niš, Jelašnička Klisura Gorge, 442 m, , 43◦ 16’ 05" N; 22◦ 04’

16" E; Suva Planina Mt., Bojanine Vode, 1000 m, 43◦ 13’ 22"
N; 22◦ 06’ 54" E; Gornje Kusce village, Gnjilane, 580 m, 42◦

29’ 57" N; 21◦ 29’ 00" E and Zubin Potok, Velji Breg, 600 m,
42◦ 55’ 51" N; 20◦ 40’ 38" E;

After preparing, we determined the specimens by the wing-
patterns and in all cases the identification has been also carried out
by an examination of the male genitalia. The preparations were
carried out following the well known standard procedure: mac-
eration by boiling in potash, dissecting and cleaning, clearing in
xylolum and mounting in Canada balsam. The photos of genital
parameters were taken using the “Nikon SMZ800N” microscope
with compact PC-based camera.

Fieldwork on protected areas was done on the basis of per-
mits provided by the Ministry of Environment, Mining and Spa-
tial Planning, Republic of Serbia, No. 353-01-389/2016-17, dated
from 8. 4. 2016. and No. 353-01-834/2017-17, dated from 11. 05.
2017.

All the material (specimens and genitalia slides) is deposited
in the author’s collection.

The taxonomic order and nomenclature follows Fibiger et al.
(2011) for Noctuidae and Aarvik et al. (2017) for other Lepi-
doptera. ID number before the species follows Karsholt & Ra-
zowski (1996).

RESULTS AND DISCUSSION

Altogether 45 species were recorded. We present and discuss
the results by taxonomic order.
Ordo Lepidoptera Linnaeus, 1758
Superfam. Tortricoidea Latreille, 1802
Fam. Tortricidae Latreille, 1803
Subfam. Olethreutinae Walsingham, 1895
4731 Celypha lacunana ([Denis & Schiffermüller], 1775)

Material examined: Beograd, Avala Mt., 320 m: 1 m, 28. V
2017. Observed and photo (Fig. 1.) by Jakšić P. The larva feeds on
Vaccinium myrtillus and Lycophotia porphyrea. New species for
Serbia.

? Corresponding author: jaksicpredrag@gmail.com
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Figure 1. Celypha lacunana ([Denis & Schiffermüller], 1775).
Photo Jakšić P.

Superfam. Cossoidea Leach, 1815
Fam. Cosiidae Leach, 1815
4166 Dyspessa ulula (Borkhausen, 1790)

Material examined: Pirot, Crni Vrh,1123 m: 1 f, 20. V 2017.,
Bela Palanka, Šljivovički vis, 926 m: 2 m 2 f, 22. VI 2017.

Larval foodplants are Allium species, Marković (2014) re-
ported eight species from this genus on Vidlič Mt.
Superfam. Gelechioidea Stainton, 1854
Fam. Lypusidae Herrich-Schäffer, 1857
Subfam. Chimabachinae Heinemann, 1870
2231 Diurnea fagella ([Denis & Schiffermüller], 1775)

Material examined: Beograd, Avala Mt., 320 m: 1 m, 2. IV
2017. Genitalia checked, slide SR-2936.; Gnjilane, Gornje Kusce,
550 m, 1 m, 24. III 2018., Janićijević T. leg., Jakšić P. coll.; Zubin
Potok, Velji Breg, 630 m, 1 m, 14. IV 2018., Živković M. leg.,
Jakšić P. coll.

The larvae feed on various deciduous trees, such as Quercus
and Betula.
Superfam. Papilionoidea Latreille, 1802
Fam. Lycaenidae Leach, 1815
7129 Plebejus argyrognomon (Bergsträsser, 1779)

Material examined: Niš, Jelašnička Klisura Gorge 450 m: 1
f, 12. V 2015. Photo Jakšić P.

This meso-xerophile species occur on calcareous habitat,
such is Jelašnica gorge. Larval food plant is Securigera varia.
7171 Polyommatus daphnis ([Denis & Schiffermüller], 1775)

Material examined: Svrljig, Tresibaba Mt., 700 m: 1 f, 14.
VI 2017. Observed and photo by Jakšić P. Monophage caterpillars
feed on Securigera varia.
Fam. Nymphalidae Rafinesque, 1815
7312 Lasiommata maera (Linnaeus, 1758)

Material examined: Golubački Grad, 110 m: 1 m, 30. VII
2016. Genitalia checked, slide SR-2687 (Fig. 4).

The larva eats full-grown grasses, from the genus Poa, Fes-
tuca, Glyceria, Calamagrostis, Deschampsia, Agrostis, Nardus,
Dactylis, Lolium and Hordeum species.
Superfam. Pyraloidea Latreille, 1809
Fam. Crambidae Latreille, 1809

Figure 2. Plebejus argyrognomon (Bergsträsser, 1779). Photo
Jakšić P.

Figure 3. Polyommatus daphnis ([Denis & Schiffermüller], 1775).
Photo Jakšić P.

Figure 4. Lasiommata maera (Linnaeus, 1758), male genitalia.

6478 Eurrhypis pollinalis ([Denis & Schiffermüller], 1775)

A survey of the literature: Plant et al. (2017) has identified
this species on Mt. Šljivovički Vis. Material examined: Svrljig,
Tresibaba Mt., 700 m: 2 m 1 f, 14. VI 2017. Observed and photo
(Fig. 5) by Jakšić P.

BIOLOGY
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The caterpillars feed on Genista, Glycirrhiza, Laburnum,
Cytisus and Ononis species.

Figure 5. Eurrhypis pollinalis ([Denis & Schiffermüller], 1775).
Photo Jakšić P.

6604 Pyrausta aurata (Scopoli, 1763)
A survey of the literature: Common species, Rotschild

(1912-1917) on Deliblato Sands; Plant et al. (2017) has identified
this species on several localities: Pirot, Crni Vrh; Pčinja, Vražiji
Kamen; Preševo, Trnava; and Bela Palanka, Šljivovički Vis. Ma-
terial examined: Beograd, Avala Mt., 312 m: 1 m 1 f, 2. IV 2017,
1 m, 11. IV 2017.; 1 m, 26. IV 2017 (Fig. 6).

Figure 6. Pyrausta aurata (Scopoli, 1763). Avala Mt. Photo Jakšić
P.

Superfam. Geometroidea Leach, 1815
Fam. Geometridae Leach, 1815
7527 Lomaspilis marginata (Linnaeus, 1758)

Material examined: Kovin, Dubovac, 75 m: 1 m, 8. VII
2016. Genitalia checked, slide SR-2933 (Fig. 7). The larvae feed
on Salix and Populus, especially P. tremula.
7559 Narraga tessularia (Metzner, 1845)

A survey of the literature: Beshkov (2015) and Jakšić
(2017). Both authors independently found this species in the same
locality on Pirot, Crni Vrh Mt..

Material examined: Pirot, Crni Vrh Mt., 1123 m: common,
20-21. VI 2017.; Bela Palanka, Šljivovički vis, 926 m: common.
Genitalia checked, slide SR-2918. Šljivovički Vis Mt. is the sec-

Figure 7. Lomaspilis marginata (Linnaeus, 1758), male genitalia,
slide SR-2933.

ond locality on which this species has been established (Fig. 8).
Ecologicaly, it is a specialist of salty steppes with Artemisia mar-
itima as a larval food plant. In eastern Serbia it is locally dis-
tributed in the forest belt, up to 1000 m above sea level, occur-
ring in forest margins. On so far known habitats in eastern Ser-
bia Artemisia alba Turra were present. This means that the habitat
shift has occurred. This is a taxon with a disjunct distribution. It
is distributed in Iberian Peninsula (Granada), South-East Europe
and central Asia (Russia, Kazakhstan). Agenjo (1956) described
this species as a N. isabel Agenjo, 1956. Now, this name is syn-
onym. Several subspecies are described: N. t. tessularia (Metzner,
1845); N. t. illia Wehrli, 1940; N. t. kasyi Moucha & Povolny, 1957
and N. t. pannonica Vojnits, 1977. According to Skou & Sihvonen
(2015) populations from Serbia are related to nominal subspecies
– N. tessularia tessularia (Metzner, 1845).

Figure 8. Narraga tessularia (Metzner, 1845), male, Bela
Palanka, Šljivovički Vis. Photo Jakšić P.

7671 Apocheima hispidaria ([Denis & Schiffermüller], 1775)

BIOLOGY
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Material examined: Beograd, Zvezdara, 187 m: 1 m, 14. III
2017.

The larvae feed on Quercus, Salix, Carpinus, Prunus and
Malus species.
7676 Lycia graecarius (Staudinger, 1861)

Material examined: Zlatibor Mt., vic. Ljubiš, 1105 m: 1 m,
2. V 2017.

Polyphagous caterpillars feed on Achillea, Laburnum,
Rumex, Taraxacum, Trifolium and Centaurea species. The pres-
ence of species of the genus Lycia in Serbia has not been com-
pletely resolved. This genus is present in Europe with eight
species. In Serbia, four species are registered: L. hirtaria (Clerck,
1759), L. graecarius (Staudinger, 1861), L. zonaria (Denis und
Schiffermüller, 1775) and L. pomonaria (Hübner, 1790) (Tomić
et al., 2002; Stojanović et al., 2006; Jakšić, 2016a). However, the
species of this genus due to insufficient morphological-anatomical
distinction, as well as due to hybridization, are of particular in-
terest (Harrison, 1919). Preliminary results of the current DNA
barcoding method show that this method can solve complex taxo-
nomic problems (Hausmann et al., 2011).
7699 Erannis defoliaria (Clerck, 1759)

A survey of the literature: Jovanović (1888). After Jo-
vanović’s first contributions there are another 35 literature data for
presence of this species in Serbia (see distribution map on Fig. 9).

Material examined: Novo Brdo, Bostane, 800 m: common,
27. XI 1982.; Novi Beograd, vic. TC “Ušće”, 1 f, 26. XI 2016.
Jakšić P. photo (Fig. 10), observed and col.

Figure 9. Erannis defoliaria (Clerck, 1759) distribution map in
Serbia.

7822 Bupalus piniarius (Linnaeus, 1758)

Figure 10. Erannis defoliaria (Clerck, 1759), female. Photo Jakšić
P.

A survey of the Literature: Species as pests in forestry were
introduced early in professional literature (Todorović, 1900), but
they were just Zečević & Radovanović (1974) gave the first fau-
nistic data about it.

Material examined: Divčibare, vic. Kaona, 820 m: 14. VI
2017., 1 m, observed and photo (Fig. 11) by Jakšić P.

This species is an inhabitant of coniferous woodland, their
caterpillar feed mainly on Pinus species.

Figure 11. Bupalus piniarius (Linnaeus, 1758), male. Photo Jakšić
P.

8036 Scopula immorata (Linnaeus, 1758)
Material examined: Beograd, Zvezdara, 187 m: 1 m, 28. V

2017.
The caterpillar feeds on various low-growing plants, as Thy-

mus and Origanum.
8102 Idaea aureolaria ([Denis & Schiffermüller], 1775)

Material examined: Svrljig, Tresibaba Mt., 700 m: 4 m, 19.
VI 2017. Genitalia checked, slide SR-2919.

The caterpillars are polyphagous and have been recorded
feeding on Rumex, Onobrychis, Securigera and Vicia species.
8184 Idaea aversata (Linnaeus, 1758)

Material examined: Beograd, Zvezdara, 187 m: 1 m, 4. IX
2017.

The larva feeds on a variety of plants, as Galium, Stellaria,
Taraxacum and Polygonum species.
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8240 Scotopteryx mucronata (Scopoli, 1763)
Material examined: Sjenica, Trijebine, 1227 m: 1 m, 5. VII

2017.
Ulex sp. and Cytisus sp. are food plants for caterpillars.

8255 Xanthorhoe montanata ([Denis & Schiffermüller], 1775)
Material examined: Sjenica, Trijebine, 1227 m: 1 f, 5. VII

2017.
Caterpillars on Stachys, Geum and Rumex species.

8274 Epirrhoe tristata (Linnaeus, 1758)
Material examined: Sjenica, Trijebine, 1227 m: 1 m, 5. VII

2017. Genitalia checked, slide SR-2934.
Caterpillars on Galium ssp.

8447 Operophtera brumata (Linnaeus, 1758)
Material examined: Beograd, Zvezdara, 187 m: 1 m, 17. XII

2017.
Larva feeds on Cornus, Evonimus, Fraxinus, Ulmus, Acer,

Quercus ssp.
8513 Eupithecia breviculata (Donzel, 1837)

Beshkov (2017) for the first time reported this species for
Serbia. Our finding is second. Material examined: Pirot, Crni Vrh,
1123 m: 1m, 20. VI 2017.

The larvae feed on Peucedanum and Pimpinella species.
Superfamily Noctuoidea Latreille, 1809
Fam. Notodontidae Stephens, 1829
8708 Furcula furcula (Clerck, 1759)

Material examined: Suva Planina Mt., Bojanine vode, 1000
m: 3 m, 19-20. VI 2017.

The host plants are Salix and Populus species.
8732 Pterostoma palpina (Clerck, 1759)

Material examined: Zlatibor Mt., vic. Ljubiš, 1105 m: 1 m,
2. V 2017.

The host plants are Salix and Populus species.
Fam. Erebidae Leach, [1815]
Subfam. Rivulinae Grote, 1895
9008 Rivula sericealis (Scopoli, 1763)

Material examined: Beograd, Avala, 320 m: 1 m, 28. V
2017.

The larvae feed on Brachypodium and Molinia species.
Subfam. Lymantriinae Hampson, [1893]
10414 Leucoma salicis (Linnaeus, 1758)

Material examined: Beograd, Zvezdara, 187 m: 1 m, 29. VII
2017.

The larvae feed on Populus and Salix species.
10387 Calliteara pudibunda (Linnaeus, 1758)

Material examined: Zlatibor Mt., vic. Ljubiš, 1105 m: 1 m,
2. V 2017.

The larvae feed on Picea, Juniperus and Larix species.
Subfam. Herminiinae Leach, 1815
8845 Herminia tarsicrinalis (Knoch, 1782)

Material examined: Kovin, Dubovac, 70 m, 1 m, 9. VII 2016.
Genitalia checked, slide SR-2781.

Caterpillars on Rubus fruticosus and Clematitis ssp.

Subfam. Metoponinae Herrich-Schäffer, [1851]
8965 Tyta luctuosa (Denis & Schiffermüller, 1775)

Material examined: Beograd, Zvezdara, 187 m: 1 m, 28. V
2017.

Foodplant Convolvulus arvensis.
Subfam. Arctiinae Leach, [1815]
10583 Diacrisia sannio (Linnaeus, 1758)

Material examined: Beograd, Avala, 320 m: 1 m, 28. V
2017.; Sjenica, Trijebine, 1227 m, 1 f: 4. VII 2017.

The larvae feed on Galium, Plantago, Taraxacum, Epilo-
bium and Urticae species.
10479 Pelosia muscerda (Hufnagel, 1766)

Material examined: Beograd, Avala Mt., 320 m, 15. VIII
2017., 1 male. Genitalia checked, slide SR-2914 (Fig. 12).

Larval food plants are algae, lichens and different plants, e.
g. Taraxacum.

Figure 12. Pelosia muscerda (Hufnagel, 1766), male genitalia,
slide SR-2914.

10499 Eilema (Wittia) sororcula (Hufnagel, 1766)
Material examined: Beograd, Zvezdara, 187 m: 1 m, 29. IV

2017. Genitalia checked, slide SR-2878.
Larval food plants different lichens.

10521 Dysauxes ancilla (Linnaeus, 1767)
Material examined: Kovin, Dubovac, 70 m: 1 m, 9. VII

2016. Genitalia checked, slide SR-2938 (Fig. 13).Caterpillars feed
on Taraxacum, Senetio, Plantago and Lactuca species.
10526 Spiris striata (Linnaeus, 1758)

Material examined: Bela Palanka, Šljivovićki vis, 926 m: 1
f, 22. VI 2017.

Food plants of caterpillar: Artemisia, Calluna, Festuca, Hi-
eracium, Plantago, and Salvia species.
Subfam. Boletobiinae Grote, 1895
8975 Laspeyria flexula (Denis & Schiffermüller, 1775)

Material examined: Beograd, Zvezdara, 187 m: 1 f, 29. V
2017.

Larval food plants different Salix and Populus species.
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Figure 13. Dysauxes ancilla (Linnaeus, 1767), male genitalia,
slide SR-2938.

Fam. Noctuidae Latreille, 1809
Subfam. Acontiinae Guenée, 1841
9097 Emmelia trabealis (Scopoli, 1763)

Material examined: Beograd, Avala, 312 m: 1 m, 7. VII
2017.
Subfam. Oncocnemidinae Forbes Franclemont, 1954
9275 Teinoptera olivina (Herrich-Schäffer, [1852])

A survey of the literature: the first data on this species was
given by Rotschild (1911) who found it on Deliblato Sands, Fla-
munda. Then, for Serbia, Culot (1913) also quoted it, stating that
it has material in its collection. But he does not say who collected
the material. Gradojević (1963) and Vasić (1969) also state this
species for Deliblato Sands. Recently, Ronkay & Ronkay (1995)
describe subspecies deliblatica (G. Ronkay L. Ronkay, 1995) on
material from Deliblato Sands. We can see from this review of lit-
erature that the species is known only from Deliblato Sands. Ma-
terial examined: Bela Palanka, Šljivovički Vis, 926 m, 1f, 22. VI
2017.

This is the second locality on which this species was found
in Serbia.

Larval food plants are Dianthus species.
Subfam. Heliothinae Boisduval, [1828]
9367 Heliotis peltigera ([Denis & Schiffermüller], 1775)

Material examined: Beograd, Zvezdara, 187 m: 1f, 20. VIII
2017.

The larvae feed on Ononis, Senecio, Tagetes, Atropa and
other species.
Subfam. Bryophilinae Guenée, 1841
8801 Cryphia algae (Fabricius, 1775)

Material examined: Beograd, Zvezdara, 187 m: 1 m, 15. VIII
2017. Genitalia checked, slide SR-2946 (Fig. 14).

Caterpillars feed on lichen species.
8806 Bryophila ereptricula Treitschke, 1825

Material examined: Beograd, Zvezdara, 187 m: 1 f, 29. VII
2017. Genitalia checked, slide SR-2917 (Fig. 15).

Figure 14. Cryphia algae (Fabricius, 1775), male genitalia, slide
SR-2946.

Caterpillars feed on lichen and algae species.

Figure 15. Bryophila ereptricula Treitschke, 1825, female geni-
talia, slide SR-2917.

Subfam. Xyleninae Guenée, 1841
9454 Hoplodrina ambigua ([Denis & Schiffermüller], 1775)

Material examined: Beograd, Zvezdara, 187 m: 1 m, 24. V
2017., 1 f 4. IX 2017. Genitalia checked, slide SR-2947.

The polyphagous larvae feed on Betula, Medicago, Tarax-
acum and other species.
9492 Polyphaenis sericata (Esper, [1787])

Material examined: Kovin, Dubovac, 70 m, 1 m, 9. VII 2016.
Genitalia checked, slide SR-2819.

The larvae feed on Ligustrum vulgare.
9660 Lithophane ornitopus (Hufnagel, 1766)

Material examined: Beograd, Zvezdara, 187 m: 1 m, 14. III
2017.

The caterpillars on Salix, Populus, Prunus, Ulmus, Quercus
species.
Subfam. Hadeninae Guenée, 1837
10039 Orthosia cruda ([Denis & Schiffermüller], 1775)
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Material examined: Beograd, Zvezdara, 187 m: 1 f, 14. III
2017.

The larvae feed on a number of deciduous trees, mostly
Quercus and Salix.
9895 Calocestra trifolii (Hufnagel, 1766)

Material examined: Beograd, Zvezdara, 187 m, 1 m: 4. IX
2017. Genitalia checked, slide SR-2948.

The larvae feed on Atriplex and Chenopodium species.

CONCLUSIONS

Species in Serbia are present on different types of habi-
tats. Several species (7671, 7699, 8036, 8184, 8447, 10414, 8965,
10499, 8975, 9367, 8801, 8806, 9454, 9660, 10039 and 9895)
were found in urban habitats of the city of Belgrade, with sig-
nificant anthropogenic pressure, indicating ecological plasticity
of these species. Some species (4743, 6604, 8845 and 10522)
were found in suburban and rural habitats. These are synanthropic
species, whose survival is dependent on man. The largest number
of species (4166, 2231, 7129, 7171, 7312, 6478, 7527, 7676, 7822,
8102, 8240, 8255, 8274, 8513, 8708, 8732, 9008, 10388, 10583,
10479, 10526 and 9097) was found in typical habitats. Their oc-
currence is related to the presence of food for the caterpillars. In
some species (7559) there was a change of habitat in relation to
the typical ecological requirements of the species.

In unexplored areas, there are discovering new and rare
species for Serbia’s fauna. This speaks of insufficient exploration
of this group of insects. Zečević (1996) summed up the knowl-
edge for that time, quantitatively expressed by the number of 1334
species of Lepidoptera in Serbia. According to uncertificated data
it is estimated that up to 2500 species have been found in Serbia so
far. And that’s about half the number of species known in Hungary
or Romania. Our results show that, in addition to identifying new
species, it is also important to identify already known species in
new areas throughout Serbia.
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(IBISS), Department for Hydroecology.

REFERENCES

Aarvik, L., Bengtsson, B. , Elven, H., et al. 2017, Nordic Baltic
Checklist of Lepidoptera. Norwegian Journal of Entomology,
Supplement 3: 1-236.

Agenjo, R. 1956, Monografia del genero Narraga Wlk. (Lep.
Geom.). Eos Revista española de entomologia, 32(1–4): pp.
7–56, pl. I–IV.

Beshkov, S. 2015, Eight new and some rare for Serbia nocturnal
Lepidoptera species collected at light. Entomologist’s Rec. En-
tomologist’s Rec. J. Var., 127: pp. 212-227; 10.

Beshkov, S. 2017, Contribution to knowledge of the Lepidoptera
fauna of the Balkan Peninsula. Entomologist’s Rec. J. Var.,
129(1); pp. 9-33; 54; 9.

Culot, J. 1913, Noctuelles et Géomètres d’Europe. In Première
Partie Noctuelles.Genève. Volume II. 1–243, Pls. 1–81.

Dodok, I. 2006, The fauna of Geometridae (Lepidoptera) in the
region of Užice in Western Serbia. Acta entomologica serbica:
Beograd, 11(1/2); pp. 61-75.

Fibiger, M., Yela, J. L., Zilli, A., et al. 2011, Chesk list of the
Quadrifid Noctuoidea of Europe. In T. Witt L. Ronkay Eds.,
Lymantriinae and Arctiinae including phylogeny and check
list of the Quadrifid Noctuoidea of Europe. Noctuidae Eu-
ropaeae.Sorø. 13: pp.23-44.
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MYOPIA 
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ABSTRACT 

Epidermal patterns are polygenically determined system of ridges on volar surface of fingers, palms and soles. Due 

to their mode of inheritance, and developmental time that coincide with the most critical period of embryogenesis, 

they are considered as a biological marker that may provide an insight in early fetal life. This study involved 102 

participants, students from the University of Priština-Kosovska Mitrovica, 51 consisting myopic and 51 control 

group. Analysis of fingerprint patterns has showed significantly altered dermatoglyphic configuration of arch 

patterns in myopic group, which might be suggestive of developmental perturbances in embryogenesis of 

genetically vulnerable individuals prone to development of myopia.  

Keywords: Epidermal patterns, Myopia, Arches.

INTRODUCTION 

Fingerprint patterns, designated also as dermatoglyphics, 

are epidermal ridge configurations on fingers, palms, soles and 

toes. Although the other primates have ridges on the ventral 

surface of the palms and soles, the rich variety of dermal ridge 

patterns is unique for humans (Cummins & Midlo, 1976). 

Fingerprint development starts in the most sensitive period of 

fetal life, with the appearance of local temporary eminences-

volar pads, as early as 6th gestational week. Once formed they 

remain permanent throughout lifetime. 

Dermatoglyphic phenotype is considered to be a result of an 

interrelationship between genetic and environmental factors 

(Bouchard et al., 1990; Arrieta et al., 1992). Their high 

heritability has been demonstrated in the studies of monozygotic 

twins, reaching for some dermatoglyphic features, such as arch 

patterns or finger ridge count, heritability of 91%, i.e 95% or 

more (Holt, 1968; Bokhari et al., 2002; Reed et al., 2006; 

Machado et al., 2010). There is a wide agreement that 

inheritance of most dermatoglyphic features conforms to 

polygenic system (Holt, 1968; Chakraborty, 1991; Ismail et al., 

2009; Karmakar & Kobyliansky, 2011). Since that 

dermatoglyphic patterns morphology depends on volar pads 

shape and size it is postulated that these genes affect epidermal 

ridge formation indirectly, through growth rate, timing events, 

skeletal factors, vascularization and innervation  of dermis and 

other ontogenic factors (Wertheim & Maceo, 2002; Todd et al., 

2006). In a study conducted by Nousbeck et al. SMARCAD1 has 

been suggested as a possible genetic factor that might regulate 

dermatoglyphic morphogenesis. SMARCAD1, located at 4q22, is 

a gene that encodes a protein structurally related to SWI2/SNF2 

superfamily of ATP dependant ATPases, which are catalytic 

subunits of chromatin remodeling complexes, considered as 

major regulators of transcriptional activity (Adra et al., 2000). A 
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short isoform of SMARCAD1 gene is exclusively expressed in 

the skin. A mutation, that likely exerts loss-of-function effect, 

disrupting conserved donor splice site adjacent to 3′ end of 

noncoding exon uniquely present in skin-specific short isoform 

of a gene, is found in condition known as adermoglyphia, thus 

indicating its possible role in friction ridge ontogenesis 

(Nousbeck et al., 2011). Genom wide association study of Ho et 

al. (2016), which tried to elucidate a genetic match with respect 

to the presence or absence of whorl patterns, found that the most 

of SNPs polymorphisms variants within ADAMTS9-AS2 appear 

to be associated with whorl patterns incidence on all digits, at 

different levels of significance. Significant results were also 

found in an intergenic region on chromosome 12, near TBX3 and 

MED113L genes and a variant within OLA1 gene, but the finding 

for ADAMTS9-AS2 were more concrete. ADAMTS9-AS2 is tumor 

suppressor widely expressed in fetal tissues. Its product is an 

antisense RNA involved in chromatin remodeling and 

transcriptional/posttranscriptional regulation, but also serve as a 

precursor of siRNA, pointing to an epigenetic regulation in 

fingerprint formation. 

Dermatoglyphics are phylogenetically more stable than 

other biological traits, and appear to be evolutionary 

conservative, which renders them more reliable for studies of the 

historical relationships of populations (Froehlich & Giles, 1981). 

Besides, mode of inheritance and morphogenesis in early fetal 

life make them a sensitive indicator of intrauterine disruptions of 

genetic and/or environmental origin (Martin et al., 2004). 

Deviant dermatoglyphic configurations have been found in 

numerous chromosomal and multifactorial disorders (Martin et 

al., 2004; Cam et al., 2008; Mital et al., 2012; Stošljević & 

Adamović, 2013; Gradiser et al., 2016). 

Development of an eye is genetically determined process 

(Gehring, 2002). Structural changes in eye components are 

strongly associated with myopia, leading to blurred vision of 

distant objects. It is a complex disorder influenced by both 

genetic and environmental factors (Tang et al., 2008). Еvidences 
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of myopia heritability stem from the studies of familial clustering 

(Guggenheim et al., 2000), high reccurence risk in offspring 

(Farbrother et al., 2004) and heritability values in twins 

(Sanfilippo et al., 2010). Numerous genes that have been 

proposed as candidate genes in etiology of myopia are found to 

regulate neuronal development, neurotransmission, signaling, 

remodeling of extracellular matrix, retinoic acid metabolism and 

apoptosis (Li & Zhang, 2017). 

Since that ocular components and skin share common 

ectodermal origin and developmental time, we hypothesized that 

deviant dermatoglyphic composition, due to the pleiotropic effect 

of the genes involved in oculogenesis, may indicate the 

dysmorphogenesis of the ectodermal tissue and its derivates. The 

aim of this study was to evaluate effect of myopic disorder on 

dermatoglyphic patterns, as a morphological biomarker that 

might provide a clue of genetic susceptibility to myopia, as well 

as a time window of intrauterine perturbancies. 

MATERIAL AND METHODS 

Research sample comprised 102 students of the University 

of Priština-Kosovska Mitrovica, 51 myopic individuals and 51 

healthy controls. They were, according to sex and vision, split 

into four groups: control males (N=25), control females (N=26), 

myopic males (N=25) and myopic females (N=26). Fingerprints, 

provided by ink and paper method (Cummins & Midlo, 1976), 

were scanned (CannonScanLIDE 25) and processed by program 

for image editing (Adobe Photoshop CS3). Dermatoglyphic 

patterns were classified as arch (A), loops (L) and whorls (W) 

(Galton, 2004). They are differentiated according to landmark 

structures-triradius, a point from which three ridge systems 

course in three different directions at angles of about 1200, and a 

core point referring to the center of the pattern. Arches are the 

simplest pattern with no triradius, formed by succession of more 

or less parallel ridges which traverse the pattern area and form a 

curve that is concave proximaly. Loops have one triradius and 

consist of series of ridges entering pattern area on one side, 

recurving and exiting from the same side. They are designated as 

radial, if the loop ridges open toward thumb (RL), and ulnar, if 

the ridges open toward little finger (UL). Whorl patterns, with 

two triradii, have ridges arranged as circles, ellipses or spirals 

around the core of the pattern. Comparisons of patterns 

distribution between groups were made using chi-square test, 

with p value less than 0.05 considered as the minimum level of 

significance. The study provided written informed consent from 

each participant. 

RESULTS 

Table 1 presents patterns distribution, both hands pooled 

together, in males and females from control and myopic group. 

Significant sex differences have been noted for whorl and arch 

paterns in myopic group, being highly significant for arch 

patterns, but as for whorls significance was recorded in control 

group as well. 

Table 1. Patterns distribution on both hands in control and 

myopic group. 

 Pattern type N (%) 

Group Sex A UL RL W 

Control Males 11(4.4) 123(49.2) 6(2.4) 110(44) 

 Females 7(2.8) 152(60.8) 9(3.6) 82(32.8) 

 χ2 0.889 3.058 0.6 4.083 

 p 0.346 0.08 0.439 0.043 

Myopic Males 2(0.80) 135(54.22) 10(4.02) 102(40.96) 

 Females 20(7.69) 156(60.00) 10(3.85) 74(28.46) 

 χ2 14.727 1.515 0.000 4.455 

 p 0.000 0.218 1.000 0.035 

Comparison within the same sex also revealed significance 

for arch patterns, due to the low frequency in myopic males in 

relation to control males, and high frequency in myopic females 

in relation to control females (Table 2).  

Table 2. Patterns distribution on both hands in males and 

females. 

 Pattern type N (%) 

Group  Sex A UL RL W 

Males Control 11(4.4) 123(49.2) 6(2.4) 110(44) 

 Myopic 2(0.80) 135(54.22) 10(4.02) 102(40.96) 

 χ2 6.231 0.558 1.000 0.302 

 p 0.013 0.455 0.317 0.583 

Females Control 7(2.8) 152(60.8) 9(3.6) 82(32.8) 

 Myopic 20(7.69) 156(60.00) 10(3.85) 74(28.46) 

 χ2 6.259 0.052 0.053 0.410 

 p 0.012 0.820 0.819 0.522 

Table 3. Patterns distribution on individual hands in males. 

 

 

 

 

 

  

Hand 
Control 

Pattern type N (%) 
 

Myopia 

Pattern type N (%) 
 

 A UL RL W A UL RL W 

L 6(4.8) 64(51.2) 4(3.2) 51(40.8) 2(1.61) 82(66.13) 5(4.03) 35(28.23) 

R 5(4.0) 59(47.2) 2(1.6) 59(47.2) 0(0.0) 53(42.4) 5(4.0) 67(53.6) 

χ2  0.0 0.25 0.17 0.79 0.51 13.18 0.09 15.54 

p  1.0 0.61 0.67 0.37 0.47 0.001 0.75 0.001 
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Table 4. Patterns distribution on individual hands in females. 

 

 

 

 

 

 

Patterns distribution on the left and right hand of control 

and myopic males and females are displayed in Tables 3 and 4. 

The only significance was observed in myopic males who have 

more ulnar loops on the left and whorls on the right hand. 

DISCUSSION 

Myopia, or nearsightedness, is the most common human 

multifactorial eye disorder in the world, with a prevalence of  an 

increasing tendency, so that there is a prediction that 49.8% of 

the world population will be with myopia and 9.8% with high 

myopia by 2050 (Holden et al., 2016). 

The main limitation of this study was very sparse literature 

and reliable data referring dermatoglyphic characteristics in 

myopia, which considerably has reduced adequate comparison. 

The most striking finding of our study concerns arch patterns, 

significantly decreased in myopic males, which is in accordance 

with a previous work of Chaterjee (1991), and increased in 

myopic females. Morphogensesis of dermatoglyphic patterns 

depends on size and shape of volar pads that are genetically 

predetermined. Adverse intrauterine influences might disturb 

timing of volar pad regression and ridge differentiation. These 

abnormalities in growth process are liable to distort the 

alignment of dermal ridges (Ashbaugh, 1992; Babler, 1991; 

Wertheim & Maceo, 2002), leading to arch formation in the case 

of earlier volar pad regression (Meier, 1987). Since that 

difference in whorl patterns are found between males and 

females in both control and myopic group, it appears that it stems 

from sexual dimorphism found in general population. Sexual 

dimorphism may be under certain environmental  influences, 

especially among males as a more sensitive during prenatal 

period (Kobyliansky & Micle, 1987). Differences in pattern 

distributions between hands were found to be significant only in 

myopic males. This might be due to the relatively unstable 

genetic control in myopic males during embryogenesis, since 

that, in general, one of the major indicator of developmental 

instability is presence of asymmetry between normally 

symmetric bilateral traits (Adams & Niswander, 1967; Naugler 

& Ludman, 1996). 

CONCLUSION 

The results of our studies confirmed altered dermatoglyphic 

configuration in myopic individuals, which might indicate 

developmental perturbances in early embryogenesis of 

genetically vulnerable individuals. Although suggestive they 

could not stand per se for dermatoglyphic marker of myopia. In 

order to establish more informative conclusion further 

investigation should incorporate quantitative parameters and a 

level of fluctuating asymmetry.  
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ABSTRACT 

Chemical plants are generally associated with potentially high risk of chemical accidents. During chemical 

accidents hazardous substances jeopardize human lives, destroy material assests and degrade natural 

environment. The release of flammable and explosive gases or liquids especially poses a significant threat to the 

environment. This paper introduces the simulation of a chemical accident caused by an uncontrolled acetylene 

cylinder release in the warehouse of Messer Tehnogas Kraljevo chemical plant. The simulation was performed by 

ALOHA program package which defines a possible accident development and determines threat and safety zones. 

The assessment of potential scenarios is based on physico-chemical properties of the substance causing the 

accident. This paper discusses accident situations occurring under the most unfavorable atmospheric conditions.  

Keywords: Hazardous substances, Acetylene, Chemical accident, Simulations, Releaser, Messer Tehnogas 

Kraljevo, “ALOHA” software. 

INTRODUCTION 

Chemical 

industry is one of the major potential 

environmental pollutants. A great variety of its negative impacts 

affect both living organisms and material assets. This group of 

pollutants includes not only chemical factories, plants, 

warehouses of hazardous substances, and petrochemical industry, 

but all industrial complexes using dangerous substances in their 

production processes. Due to the high level of risk during its 

working performance, the activities of chemical industy have 

been frequently disputed.4 A large number of various hazards are 

reported especially with organic matters (Bogdanović, 2008). 

THEORETICAL PART 

Hazardous substances and chemical accidents  

According to European Union Directive–Seveso II, a 

chemical accident is defined as a result of unplanned and 

unpredicted events in the course of industrial activity being 

manifested through emission of toxic substances in the 

environment or through fire or explosion. The accidents 

comprising one or more hazardous chemicals jeopardize humans 

and environment both immediately or with delay, inside or 

outside the installation. Chemical industrial processes using 

flammable and/or toxic substances under different pressures and 

temperatures are exceptionalaccident-prone sites (Abassi et al., 

2013; Khan & Abassi, 1998a). It happens quite frequently that 

initial fires and explosions within the plant are initiators of new 

fires or explosions causing the so called “domino effect” 

enabling primary accident to be spread outside the building and 
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grown into widespread disaster (Khan, 1998b; Khan, 2001). 

These accidents kill a huge number of people and cause million 

euro losses. 

According to International Labour Organization (ILO), 

chemical accidents occur during processing (40%), storage 

(25%) or transportation (35%) of hazardous substances. The 

major causes of chemical accidents appear to be human factor in 

62% of cases and outdated technology in 20% of cases.  

Statistics show that, compared with all natural catastrophes, the 

highest number of casualties results from chemical accidents 

(Varma, 2005). As reported by International Labour 

Organization, around 6000 people per day or 2.2 million people 

per year die from workplace accidents or consequences of 

professional illnesses. 

Depending upon the place of origin, chemical accidents can 

be classified as those occurring in fixed facilities (plants, 

warehouses, oil pipelines) and those occurring during the 

transport of chemicals. Figure 1 shows the fire in the acetylene 

warehouse in Dallas 2007. According to the area affected by 

them, chemical accidents can be categorized as local, regional, 

national, and global. The most significant factors affecting the 

spreading of chemical accidents in space and time include 

physico-chemical properties of hazardous substance and 

meteorological, hydrological, and geological conditions of the 

location. Negative consequences resulting form chemical 

accidents are:  

Release of hazardous pollutants (toxic, flammable, 

corrosive substances) into air, water or soil. 

Explosions of substances including both the formation of a 

strong impact wave and the emission of toxic substances into 

atmosphere. 

Fires being followed by both the formation of toxic and 

flammable gas clouds and solid combustion products. 
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Numerous chemical accidents have been recorded both 

locally and worldwide (Bogdanovic, 2009). Some of major world 

chemical accidents should be mentioned: Flixborough (1974), 

Seveso (1976), Bhopal (1984), Basel (1986), Mexico (1988), 

Enschede (2000), AZF Toulose (2001) (Sengupta et al., 2016). 

Tragic consequences of these events initiated multiple efforts in 

order to increase chemical process safety. Regarding that, many 

articles and books have been written (Crowl & Louvar, 2001; 

Mannan, 2013; Sanders, 2015) as well as procedures concerning 

safety improvements while processing, using, and handling 

hazardous substances. 

 

Figure 1. Fire in acetylene warehouse, Dalas, Texas, 2007. 

Source: http://canaryperch.com/evac9McLain.html 

 Acetylen – dangerous chemical  

Acetylen (C2H2) is the simplest unsaturated hydrocarbon 

belonging to alkyne group. Its molecule is linear and built up 

from two carbon atoms bonded together in a triple bond. One 

hydrogen atom is bonded to every carbon atom.    

 

At normal temperature and pressure, pure acetylene is 

colorless, odorless, and tasteless. It is lighter than air and highly 

flammable. It is one of the most dangerous gases regarding 

flammability and explosivity. It burns in air with a bright flame 

whereas in oxygen it burns with a very hot flame reaching 3100 
0
C. The physico-chemical characteristics of acetylene are shown 

in Table 1. Due to the presence of phosphine and hydrogen 

sulfide, technical acetylene has specific garlic-like odor. As a 

result of a high flame temperature, acetylene is widely used in 

welding and metal cutting. Acetylen is often used as an 

alternative fuel or as an additive in reducing NOx emission in 

internal combustion engines (Lakshmanan & Nagarajan, 2010a; 

Lakshmanan & Nagarajan, 2011b). 

Handling with acetylene under the pressure being below 

atmospheric pressure appears to be quite safe. However, under 

higher pressures, due to the presence of unstable triple bond in its 

molecule, acetylene itself becomes highly unstable. Due to the 

energy impact, this gas undergoes the process of decomposition 

the result of which flammable hydrogen and elementary carbon 

are obtained. Exothermic reactions release a great deal of energy 

with temperatures ranging from 2800 
0
C to 2900 

0
C. The 

acetylene decomposition can result in external and compressive 

heating, electric sparks, or a strong impact wave. Acetylene is 

known to be able to decompose even under the condition of 

complete lack of air. (Carver et al., 1972) Due to the energy 

impact or under the higher pressure, acetylene can decompose in 

the cylinder in the completely inert atmosphere. In the course of 

this process, 226.5 kJ of heat per mole is released so compressed 

acetylene can behave as a very strong explosive. Combined with 

air, acetylene under pressure is easily flammable even at low 

temperatures. Acetylene has a low ignition energy (minimal 

ignition energy is 0.019 mJ) and it possesses a high speed of 

chemical energy release making it a very hazardous gas.(Sarkar, 

1990).
 
The boundaries of its explosivity in the mixture with air 

range from 1.5-82 vol%, whereas with oxygen those intervals 

range from 2.3-93 vol%. 

Table 1. Physico-chemical characteristics of acetylene. 

Chemical formula C2H2 

Name Acetylene, Ethyne (IUPAC) 

The molar mass 26,04 g/mol 

 Appearance  Colorless gas 

Odor Odorless 

Density 1,097 g/L 

Melting point -80,8 
0
C 

Sublimation conditions -84 
0
C 

Vapor pressure 44 5,85 kPa ( on 20 
0
C) 

Acidity (pKa) 25 

Self-ignition temperat.  305 
0
C 

Limits of explosive mix  2,3-81 % 

At higher temperatures and under higher pressures, 

acetylene decomposes spontaneously releasing a large quantity 

of energy and causing chain reactions which result in explosion. 

Uncontrolled acetylene release during production processes, 

transportation, or storaging can lead to explosions and 

detonations endangering safety of people and material assets. 

Acetylene can also be associated with chemical explosions 

followed by detonation combustion characterized by a strong 

impact wave and deflagration combustion characterized by 

intense thermal radiation. Damaging effects of detonation and 

deflagration combustion in free space spread rapidly and can 

easily overcome the zero zone of regular fire impact. These 

conditions cause significant material devastations, human 

casualties, and ecological disasters.  

Pure acetylene is not toxic but in high concentrations it has 

a narcotic and irritating effect on people. Strong impact waves 

during explosions can lead to blast injuries. 
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Handling acetylene conforms with special regulations 

strictly excluding sudden cylinder discharging, mechanical 

smashing, heating, and uncontrolled change of volume/pressure 

proportion. Acetylene that is stored or transported must be 

properly labeled as shown in Table 2. 

High potential for explosive acetylene decomposition can 

be significantly decreased by mixing it with inert gases or 

dilluting it in suitable solvents. For this reason acetylene is stored 

in steel tanks, under pressure of 18 bar, dilluted in acetone. 

Various types of special porous materials are added into tanks in 

order to provide additional safety in acetylene handling. 

Table 2. Acetylene labeling. 

Package and storage labeling 

Class F+ 
 

NFPA 704 standard labeling 

 

Health hazards 

(1)– low risk 

Fire hazards 

(4)–easy 

flammable 

Reactivity  

(3)–risk of 

explosion 

Not 

reacting 

with water 

Transport labeling 

Hazardous 

substance class 
2,1 

Flammable 

gas 
 

Kemler code 239 

Flammable 

gas, easy 

reactive 

 UN number 1001 

CAS number 74-86-2 

Simulation of chemical accidents  

Prior to the chemical accident, the estimate of its impact to 

the environment is performed whereas the further calculation of 

its imact is done only after the accident. Ecological risk of an 

accident can be estimated based on possible scenarios where 

modelling provides us with the insight into endangered zones in 

real space and time. 

Cities hosting plants which process, remanufacture or 

storage hazardous substances, carry a higher risk of chemical 

accidents (Sanchez et al., 2018) Therefore, the simulation of 

hazardous substance release in industrial plants has become 

important in prevention and assessment of negative impacts of 

chemical accidents, in environment protection and workplace 

safety increase (Shao & Duan, 2012; Huang et al., 2015). 

Numerous mathematical models have been developed as useful 

tools for prediction of accidents in chemical processes (El 

Harbawi et al., 2008). Each simulation of chemical accident 

represents a unique scenario. 

This paper focuses on chemical accidents caused by 

acetylene cylinder release in the warehouse of Messer Tehnogas 

Kraljevo plant. The description of possible accident 

sdevelopment, threat zones and impact on the environment was 

done by software program ALOHA (Areal Locations of 

Hazardous Atmospheres). This program was developed by team 

efforts of Environmental Protection Agency (EPA) and National 

Oceanic and Atmospheric Administration (NOAA) of the USA. 

ALOHA is a part of CAMEO (Computer Aided Managament of 

Emergency Operations) software package. Not only does it 

function as an independent program, it also works with CAMEO 

Chemicals and MARPLOT programs. ALOHA is widely used to 

plan for and respond to chemical emergencies. ALOHA 

program's database contains over 1000 pure chemicals with 

ability to add new or modify the existing ones. ALOHA is a 

modelling program that estimates threat zones, including the 

clouds of toxic gas, fire and explosions. The threat zone is an 

area where a hazard i.e. a risk (such as toxicity, flammability, 

thermal radiation or damaging overpressure) has exceeded a 

user-specified Level of Interest, the Level of Risk or the Level of 

Concern – LOC (Jovanović, 2013). This program should be 

avoided in cases of chemical mixtures, indoor simulations, 

atmospheric fallouts, and in cases of distances farther than 10 km 

from the hazardous chemical release source. It is not suitable for 

simulations in urban areas with many tall buildings and where 

there is a probability for “canyon effect”.  

EXPERIMENTAL 

Plant Messer Tehnogas Kraljevo 

 Messer Tehnogas company is the biggest producer and 

distributor of industrial, medical, and special gases in Serbia and 

in the Balkans. It supplies over 4000 buyers in Serbia and it 

delivers over 650 000 t of products per year. This company 

trades with gases produced in its own plant such as oxygen, 

hydrogen, helium, argon, carbon dioxide, acetylene. Beside the 

product distribution, the plant in Kraljevo also produces 

acytelene gas. It is located in the southern part of the city, in the 

urban area called Ribnica in Izletnička Street. As can be seen on 

the satellite picture of the plant (Figure 2), it is located in the 

urban part of the colony. The lowland terrain on which the plant 

was built lies at the altitude of 196m. The plant is located at 

latitude 43
0
 42' 32'' and longitude 20

0
 41' 36''. The total area of 

plant complex is around 5.0 ha. Since the plant is situated in the 

urban area, the population likely to be under the direct negative 

impact of the accident is estimated to be as high as 1000 people. 

Primary school “Vuk Karadžić” being attended by 472 

pupils is 100m northwest from the plant. Local Community 

Health Center is 100m north from the plant. Cultural Center 

“Ribnica” is also placed nearby the plant. Residential buildings 
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are situated around the plant facilities. The river Ribnica flows 

50 m far from the eastern plant facility and at 500 m on the north 

it flows into the Ibar. The nursery of “Srbijašume” producing 

desiduous and coniferous tree seedlings lies in the southwest of 

the plant.    

 

Figure 2. Satellite picture of the plant and surroundings. 

The part of the plant where acetylene is stored was selected 

as the focus of the accident simulation, and fire and explosion 

risk analysis. 

Simulations of acetylene release 

This scenario implies a visualization of possible hazards by 

determining threat zones, accident extent, and consequences of 

immediate exposure to chemical impact on the selected area. In 

order to model an accident, quantitative and qualitative data are 

required: information on the chemical compound involved 

(quantity, state of matter, physico-chemical and ecotoxicology 

properties), accident location data, and current meteorological 

conditions under which unpredicted events occur. 

This paper investigates the scenario leading to the gas 

diffusion from acetylene cylinder in the warehouse caused by 

tank wall damage (cracking). Acetylene tank is cylider-shaped 

and has a 0.5m diameter and a length of 2m. It is filled to 90% of 

its volume. The dimensions of the cylinder wall damage made at 

the height of 0.1m from the ground, are 0.100 x 0.05 m. 

The simulation of acetylene release was performed under 

the most unfavorable meteorological conditions. Starting from 

experiential data, these conditions include wind speed of 1.5 m/s, 

the highest daily temperature, the average humidity matching the 

location and the temperature, and atmospheric stability of F class 

(Cvetanović, 2015). 

Atmospheric conditions, given in Table 3,  representing 

input data in the software are retrived from the internet site of 

Republic Hydrometeorological Service of Serbia (RHSS). These 

data show that western and eastern winds are the most frequent 

on the territory of the municipality of Kraljevo. Other wind types 

are not so present at this locality. Based on the geographical 

position of the warehouse in the plant complex, the eastern wind 

is deduced to make the most serious damage therefore it was 

taken as an atmospheric parameter for the simulation.  

In the process of fire and explosion modelling, the 

boundaries of zones with damaging effect exposure should be 

determined (demolition, overpressure of impact wave, thermal 

energy effects) and the safety zone for people and objects should 

be defined. 

Table 3. Meteorological data for Kraljevo, RHSS. 

Month 
Tmax 

(
0
C) 

Tmin 

(
0
C) 

Wind (E) 

speed 

(m/s) 

Wind (W) 

speed 

(m/s) 

Relative 

humidity 

(%) 

Cloudiness 

(x/10) 

January 17.1 15,6 2,2 2,1 84 7,2 

February 24,8 -3,4 3,2 2,6 72 6,8 

March 24,8 -2,0 1,0 1,9 75 6,7 

Apryl 29,5 0,0 2,2 2,2 66 6,1 

May 29,2 4,7 1,8 1,6 71 6,2 

June 36 8,9 2,3 1,8 71 5,5 

July 37,2 11.9 2,3 2,1 64 3,9 

August 33,2 8,7 1,8 1,8 72 4,7 

September 31,1 4,5 2,0 1,3 73 4,7 

October 26,1 -0,5 3,0 1,8 81 7,6 

November 21,7 -3,7 2,2 1,9 76 6,0 

December 12,6 -9,5 1,1 2,5 78 5,8 

 

Acetylene is stored in a cylinder where it is dissolved in 

acetone under 18 bar pressure so the damage on the cylinder 

causes a great deal of this gas to be released in the atmosphere in 

the aerosol form. Since acetylene is a highly flammable and 

explosive gas, there are various accident scenarios. Toxic effects 

of hazards were not considered since fire and explosion present 

by far the greatest danger of acetylene release. The model of 

spreading of vapor clouds formed by gas release, the model of jet 

fires formed by ignition in the cylinder, and the model of liquid 

expanding vapor explosions were all examined. Our main 

objective was to estimate endangerment of people and objects in 

the plant and its vicinity. 
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As can be seen in Figure 3, the simulation in all these cases 

showed that acetylen was released from the cylinder in the form 

of aerosol at the speed of 1.57 kg/s. The total time of acetylene 

release was 60 seconds. 

 

Figure 3. Chart of acetylene cylinder release speed. 

The first scenario, given in Table 4, includes the release of 

non-burning acetylene forming a vapor cloud.  

Table 4. Scenario 1. 

In this case the areas with gas vapor air concentration 

within the limits of flammability, which can easily result in fire, 

were defined. 

The results of this simulation, shown in Figure 4,  show that 

at 53 m distance from the hazard location spot in the wind 

direction, the gas concentration in the atmosphere is higher than 

15000 ppm being 60% of lower flammability limit and can 

therefore cause forming pockets of fire and generating fire (red 

zone). In this zone workers caught at their workplaces and the 

part of the factory in the vicinity are most threatened. 

 

Figure 4. Characteristics of threat zones in Scenario 1. 

The yellow zone occupies the area at 53 m to 138 m 

distance from the hazard source in the wind direction and it has a 

gas concentration of 2500 ppm being 10% of lower flammability 

limit. As can be seen in Figure 5 in this zone about 15 residential 

buildings and a part of local road leading through the urban area 

would be directly endangered.  

 

Figure 5. Zones of flammable acetylene cloud spreading in real 

space. 

Although the second scenario, shown in Table 5, refers to 

the simulation of the accident under the same conditions, this 

simulation estimates the probability of forming an explosive 

zone caused by overpressure i.e. it defines the areas on which 

explosion of the formed acetylene cloud releasing into the 

atmosphere can occur. 

Table 5. Scenario 2. 

Threatening 

danger 
Weather 

Releasing 

substance 

Acetylene release 

without ignition 

with formation of  

explosive cloud 

Temperature 37,2 
0
C 

Dilluted 

acetylene 

Wind (E) 1,5 m/s 

Cloud cover 4/10 

Humidity 64% 

Stability Class F 

 

The simulation was performed for the detonation ignition 

occurred in the time period of 60 seconds after the gas release.  

 

Figure 6. Characteristics of threat zones in Scenario 2. 

Threatening 

danger 
Weather 

Releasing 

substance 

Acetylene release 

without ignition 

with formation of 

flammable cloud 

Temperature 37,2 
0
C 

Dilluted 

acetylene 

Wind (E) 1,5 m/s 

Cloud cover 4/10 

Humidity 64% 

Stability Class F 
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As can be seen from Figure 6, in this case, the most 

endangered zone encloses the diameter of 48 m (red zone) whose 

center is slightly shifted in the wind direction. In this zone under 

the pressure higher than 55.16 kPa which has a destructive 

power, concrete buildings can be destroyed and human fatalities 

can be recorded. This scenario would include the warehouse of 

the plant and a part of the local road leading through the urban 

area. In the subsequent band placed at 48 to 72 m distance from 

the hazard source (orange zone), the pressure higher than 24.13 

kPa can cause grave injuries and the destruction of light 

construction buildings. In the real space, shown in Figure 7, the 

orange zone includes a part of the plant, a part of the traffic road, 

sports facilities and a small number of residential buildings. The 

zone located at perimeter distance from 72 to 163 m (yellow 

zone) is the area under the pressure of 6.89 kPa. Minor injuries 

of people and slight building damages such as window cracking 

can be recorded in this zone. The yellow zone of this scenario 

would cover the Local Community Health Center, the Cultural 

Center, the primary school and about 20 residential buildings.  

 

Figure 7. Zones of explosive acetylene cloud spreading in 

Scenario 2 in real space. 

In the third scenario, given in Table 6,  the release of 

dilluted acetylene in flame was predicted (fire in a tank, jet fire).  

Table 6. Scenario 3. 

Thretening 

danger 
Weather 

Releasing 

substance 

Release of 

burning 

acetylene jet 

fire 

Temperature 37,2 
0
C 

Dilluted 

acetylene 

Wind (E) 1,5 m/s 

Cloud cover 4/10 

Humidity 64% 

Stability Class F 

 

Thermal radiation is the threatening danger signalled by the 

software. As can be seen in Figure 8, three dangerous zones are 

also defined in this scenario. 

The software predicted a 32 m long jet flame lasting for 20 

seconds. In the 10 m radius red zone, thermal radiation with 

energy over 10 kW/m
2
 is expected. This zone is potentially 

deadly and can cause severe burnings in only 60 seconds.  The 

orange zone occupes the area at 10 to 23 m distance from the 

hazard source and is slightly shifted to the wind direction.  

Radiation energy in this zone reaches over 5 kW/m
2
 causing 

second-degree burnings in only 60 s. The third band of danger 

lies at 23 to 45 m distance from the accident spot. Thermal 

radiation of 2 kW/m
2
 in this zone can cause mild burnings in 60 

s. Figure 9 shows the thermal radiation zones of acetylene in 

scenario 3 in the real space. This scenario would assume that the 

part of the plant in the vicinity of the hazard source belongs to 

the red zone. Beside the part of the plant, the orange zone would 

include a segment of local traffic road, whereas the majority of 

storage facilities of the plant, a part of the traffic road and one 

residential building would belong to the yellow zone. 

 

Figure 8. Characteristics of threat zones in Scenario 3. 

 

Figure 9. Zones of thermal radiation of acetylene in Scenario 3 

in real space. 

The fourth scenario, shown in Table 7, was modelled for the 

Boiling Expanding Vapour Explosion (BLEVE).  Thermal 

radiation (surface heat flux of flame) of the burning tank is the 

danger predicted by the software. 

Characteristics of threat zones in Scenario 4are given in 

Figure 10. In the fourth scenario, the software predicted the fire 

diameter of 31 m in only 3 s. The red zone is the zone where the 

fire ball originates with energy flux higher than 10 kW/m
2
 being 

potentially fatal to humans. The diameter of this zone reaches 74 

m. The next zone is the orange one occupying the band from 74 

to 104 m. This zone is characterized by thermal energy of 5 
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kW/m
2
 which can cause fires in buildings and serios burnings 

with people. The yellow zone is situated in the subsequent band 

which lies at 104 to 163 m distance from the accident. Energy of 

thermal flux in this band reaches 2 kW/m
2
 and can result in 

minor burnings. 

Table 7. Scenario 4. 

Threatening 

danger 
Weather 

Releasing 

substance 

Boiling 

Expanding 

Vapour 

Explosion  

Temperature 37,2 
0
C 

Dilluted 

acetylene 

Wind (E) 1,5 m/s 

Cloud cover 4/10 

Humidity 64% 

Stability Class F 

 

Figure 10. Characteristics of threat zones in Scenario 4. 

Zones of thermal radiation of acetylene in Scenario 4 in real 

space are given in Figure 11. This scenario implies that the red 

zone would inlcude broader part of the plant complex area, a 

segment of the traffic road, playground, Health Center and 5-6 

residential buildings. The orange zone would include a segment 

of the traffic road and 5 residential buildings. Cultural center, 

around 20 residential buildings and the acetylene production 

plant segment would belong to the yellow zone.   

 

Figure 11. Zones of thermal radiation of acetylene in Scenario 4 

in real space  

CONCLUSION 

The simulations of various acetylene cylinder release 

scenarios indicate the high risk of fire in explosion and 

significant endangerment of working and natural environment in 

Messer Tehnogas Kraljevo plant. The most endangered zone is 

the warehouse with different gases. Bearing in mind that 

acetylene is storaged in this zone, it can be logically deduced that 

fire or explosion of only one acetylene cylinder can trigger the 

avalanche of uncontrolled explosions and fires. This generates 

the so called “domino effect” whose consequences are far more 

serious than the described ones. 

Together with assessment of safety and threat zones, 

ALOHA sotware program provides proper risk managament 

planning and improvement of people and object safety in the 

surroundings. According to damage risk estimates, this program 

contributes to taking adequate measures in order to prevent 

potential accidents in chemical plants. The simulation is 

substantially cheaper solution compared to in vivo experiments 

since it saves material, financial, and temporal resources. 
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ABSTRACT 

Synthesis, spectral characterization, and evaluation of in vitro antioxidant activity of a new coumarin derivative, 4-

((1,3,4-thiadiazol-2-yl)amino)-3-nitro-2H-chromene-2-one, are described. The synthesis of the new product was 

performed in three reaction steps, with a good overall yield (78%). The structure was corroborated by detailed 

spectral analysis, including the 1D and 2D NMR experiments (1H- and 13C NMR; 1H-1H COSY, NOESY, HSQC, 

and HMBC). The in vitro antioxidant activity was evaluated using the DPPH test. The synthesized compound 

possesses a good free-radical scavenging activity, IC50=596.7±0.3 μg/ml, and can serve as a model for the synthesis 

of similar compounds with promising antioxidant effects. 

Keywords: Coumarin derivative, Spectral characterization, NMR spectroscopy, Antioxidant activity, DPPH.

INTRODUCTION 

Coumarin (2H-chromen-2-one) belongs to the 

benzopyrones, a group of heterocyclic compounds which have a 

condensed benzene and α-pyrone ring. These naturally occurring 

secondary metabolites enumerate about 1300 derivatives isolated 

from a number of plant species and bacteria (Venugopala et al., 

2013). Coumarins are deriving the shikimic acid biosynthetic 

pathway. Some coumarin derivatives of natural origin already 

have a medical application, for example, novobiocin, warfarin, 

acenocoumarin and umbelliferone (Stefanachi et al., 2018). For 

decades, more efforts have been made to make similar coumarin 

derivatives by organic synthesis. These derivatives possess an 

exceptionally wide spectrum of pharmacological properties such 

as: anticancer (Nofal et al., 2000; Ayati et al., 2018), anti-

inflammatory (Bansal et al., 2013; Hadjipavlou-Litina et al., 

2007), antibacterial (Naik et al., 2017; Zaki et al., 2012; 

Radulović et al., 2015) antiviral/anti-influenza (Kostova et al., 

2006; Su et al., 2006; Yu et al., 2003; Yeh et al., 2010), 

antifungal (Pasqualotto et al., 2010; Al-Amiery et al., 2012), 

anti-Alzheimer (Anand et al., 2012; Piazzi et al., 2008),  

anticoagulant (Danis et al., 2010), and antioxidant (Kotaiah et al., 

2014; Manojkumar et al., 2009; Fylaktakidou et al., 2004). 

The interactions between the substituent and the coumarin 

core determined the biological activity of the molecule itself, 

which results in its selectivity. Differently substituted derivatives 

of nitrocoumarin have a remarkable range of selectivity and 

possess pronounced pharmacological effects like antibacterial 

(Vaso et al., 2010; Aiyelabola et al., 2017), cytotoxic (Aiyelabola 

et al., 2017), and antioxidant (Parfënov & Smirnov, 1991). Some 

of them have significance in the treatment of kidney cancer cells 

(Finn et al., 2002) and in the study of enzyme kinetics. 

                                                             
  * Corresponding author: risticnovica@gmail.com 

In the light of the mentioned studies of biologically active 

coumarins, as well as our previous work (Dekić et al., 2010; 

Dekić et al., 2010), in this research we put emphasis on the 

synthesis, assignment of 1H and 13C NMR spectral data from an 

interpretation of results of 2D (1H-1H COSY, NOESY, HSQC 

and HMBC) experiments and evaluation of the antioxidant 

activity of a new 4-amino substituted-3-nitrocumarin derivative. 

EXPERIMENTAL 

General chemistry  

Reagents and solvents used in this research (A.R. grade) 

were of Sigma Aldrich (USA), Merck (Germany), Fluka 

(Germany) and Acros Organics (Belgium). Melting points were 

determined on MPM-HV2 (Germany) instrument. Recording of 

IR spectra was carried out on Thermo Nicolet model 6700 FTIR 

(USA) instrument and HR-MS(EI) spectra were recorded on a 

JEOL Mstation JMS 700 instrument (Germany). The reaction 

progress and purity of synthesized compounds checked by TLC, 

using silica gel plates (Kiesel 60 F254, Merck). Visualization was 

performed by UV light or spraying the plates with 1:1 (v/v) 

aqueous sulfuric acid and then heating. The absorbance was 

measured using a UV-1800 Shimadzu spectrophotometer. 

NMR measurement  

1H NMR (400 MHz) and 13C NMR (100.6 MHz) spectra 

were recorded on Bruker Avance III spectrometer (Switzerland) 

at 25°C in DMSO-d6, using a TMS as an internal standard. 

Chemical shifts are reported in ppm (δ) values relative to TMS 

(δH 0 ppm) in 1H or signals of residual solvents in 13C and 

heteronuclear 2D NMR spectra (residual DMSO-d6 δH 2.54 ppm 

and 13CD3SOCD3 δC 40.45 ppm. The coupling constant (J) are 

reported in Hz. Multiplicities of proton resonance are designated 

as singlet (s), broad singlet (brs), a doublet of doublets (dd), a 
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doublet of doublets of doublets (ddd) and a triplet of doublets 

(td). 2D spectra (1H-1H COSY, NOESY, HSQC, and HMBC) are 

performed on the same instrument with a standard pulse 

sequence. 

Synthesis 

Synthesis of 4-hydroxy-3-nitrocoumarin (2) 

According to an already known procedure (Savel’ev et al., 

1973), in suspension of 4-hydroxycoumarin (1) (5 g, 30.8 mmol) 

and glacial acetic acid (20 ml) the mixture of 72% NHO3 (3 ml) 

and glacial acetic acid (2.6 ml) was added. The obtained 

suspension was heated on a water bath until all of 4-

hydroxycoumarin are dissolved and does not show the brown 

vapors of nitrogen oxides. After cooled on ice bath yellow 

precipitate is obtained, then filtered and washed with saturated 

solution of sodium-bicarbonate and absolute ethanol. 

Recrystallization from absolute ethanol gives yellow crystals of 

4-hydroxy-3-nitrocoumarin (2) (yield 84%, m.p. 171-172 °C). 

Synthesis of 4-chloro-3-nitrocoumarin (3) 

In N,N-dimethylformamide (2 ml, 26 mmol), cooled to 

10°C, during the 15 min, with stirring, POCl3 (4 g, 26 mmol) was 

added. The reaction then continued at room temperature for 

another 15 min. After the expiry of this period, 4-hydroxy-3-

nitrocoumarin (2) (5.3 g, 26 mmol) dissolved in N,N-

dimethylformamide (12.5 ml) was added dropwise. The addition 

of cold water (15 ml), after 15 min, stopped the reaction. The 

resulting yellow precipitate was filtered and washed with 

saturated sodium bicarbonate and water, to obtain the final 

product of 4-chloro-3-nitrocoumarin (3) (yield 87%, m.p. 162-

163 °C) as a yellow crystals (Kaljaj et al., 1987), by 

recrystallization from the benzene:hexane mixture (1:1, v/v). 

Synthesis of 4-((1,3,4-thiadiazol-2-yl)amino)-3-nitro-2H-

chromen-2-one (5) 

In the solution of 4-chloro-3-nitrocoumarin (3) (1 g, 4.4 

mmol) in N,N-dimethylformamide (10 ml), 1,3,4-thiadiazol-2-

amine (4) (0.45 g, 4.4 mmol) and sodium bicarbonate (0.75 g) 

was added. The mixture was stirred, and progress of the reaction 

was monitored by TLC. After 90 min, reaction was stopped by 

the addition of 20 ml of cold water. The formed light yellow 

solid precipitate was filtered and washed with water, to obtain 4-

((1,3,4-thiadiazol-2-yl)amino)-3-nitro-2H-chromen-2-one (5) as 

yellow fine powder (yield 78%, m.p. 237-239 °C). IR (neat): 

3262 (N-H), 3066 (Ar-H), 1745 (C=O), 1606 (C=C), 1543 and 

1339 (NO2), 1284, 1123, 867, 753 cm−1. HR-MS(EI): M+ 

(C11H6N4O4S) 290.0109, requires 290.0104 ( = + 0.4 mmu). 

DPPH assay 

Antioxidant activity of synthesized compound (5) was 

determined by DPPH (2,2-diphenyl-1-picrylhydrazyl) using the 

previously described method with slight modification (Braca et 

al., 2001). In a test tube with 1 ml of a methanolic solution of 

tested compound (1.96-1000 μg/ml), 2 ml of 0.004% DPPH 

methanolic solution was added. Test tubes left to stand for 35 

min. in the dark at room temperature. After the expiry of this 

period, absorbance was read at 517 nm. The control was 

constituted by methanol instead of tested compounds. The same 

procedure was repeated for the solutions of ascorbic acid (1.96-

1000 μg/ml) which used as a standard. The percentage of 

inhibition of the DPPH radical was calculated using the equation 

(1): 

% of inhibition = (Ac‒As)/Ac ∙ 100        (1)  

where Ac is the absorbance of control solution (2 ml of DPPH 

radical and 1 ml of methanol) and As is the absorbance of the 

methanolic solution of tested compound (2 ml DPPH and 1 ml of 

a methanolic solution of the tested compounds). Results were 

expressed as IC50 values in μg/ml (concentration of the tested 

compound required to decrease the initial DPPH concentration 

by 50%) and estimated from % inhibition versus the 

concentration sigmoidal curve, using a non-linear regression 

algorithm.  

RESULTS AND DISCUSSION 

Chemistry  

The synthesis of the new coumarin derivative was 

performed in three steps to give 4-((1,3,4-thiadiazol-2-yl)amino)-

3-nitro-2H-chromene-2-one (5) as the main product (Scheme 1). 

The structure of the obtained compound was confirmed by IR 

spectroscopy and HR-MS(EI), and also complete assignation of 

the 1H and 13C NMR spectra was performed, by combining the 

data obtained with 1D and 2D techniques NMR (1H and 13C 

NMR, 1H-1H COSY, NOESY, HSQC, and HMBC).  

The IR spectrum of the synthesized compound showed the 

bands that confirm his structure. At 3262 and 3066 cm-1 

appeared the bands of N-H and Ar-H bonds, respectively. The 

carbonyl group gives a strong vibration at 1745 cm-1, while the 

band characteristic of the C=C bond occurs at 1606 cm-1. The 

nitro group showed two strong bands at 1339 and 1543 cm-1. The 

molecular weight based on HR-MS(EI) (290.0109) indicated the 

molecular formula of C11H6N4O4S, which additionally confirmed 

the structure of this compound. 

In the 1H NMR spectrum of the synthesized compound 

appeared six signals, two doublet of doublets with chemical 

shifts at 7.56 and 8.10 ppm, one triplet of doublets at 7.49 ppm, 

one doublet of doublets of doublets at 7.67 ppm, one wide singlet 

at 9.25 ppm and one singlet at 9.35 ppm (Fig. 1). The assignment 

of these signals can be determined based on the position of the 

hydrogen atoms in the assumed structure. The singlet 

corresponds to hydrogen atoms from the ring of the substituent 

and the secondary amino group. Based on the shape of the signal 
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(a wide singlet) can be concluded that the signal at 9.25 ppm 

corresponding to hydrogen bound to the nitrogen atom, so the  

signal at 9.34 ppm corresponds to the proton at the position H-5'.  

 

Scheme 1. Reaction steps in synthesis of 4-((1,3,4-thiadiazol-2-yl)amino)-3-nitro-2H-chromene-2-one.

This assumption is in accordance with the NOESY (Fig. 2) 

and the HSQC (Fig. 3) spectral data. The correlation in the 

NOESY spectrum showed only the singlet at 9.25 ppm. The 

cross peak of this signal with the doublet of doublets at 8.10 

ppm, which corresponds to the proton bonded to the aromatic 

nucleus, confirms that it is near to the coumarin part of the 

molecule. On the other hand, the HSQC spectrum occurs 

interaction only for the signal at 9.35 ppm, which at the same 

time is assigned to C-5' at 151.1 ppm, while the interaction for 

proton at 9.25 ppm is absent, due to the fact that this proton is 

not bound to carbon, already for nitrogen.  

Observing the structure of the compounds, it is easy to 

conclude that doublet of doublets at 7.56 and 8.10 ppm, 

respectively, and doublet of doublets of doublets at 7.67 ppm 

corresponding to protons bonded to the coumarin core.    

 

 

Figure 1. 1H NMR (CDCl3, 400 MHz) spectrum of compound 

(5).

a) b)  

Figure 2. NOESY a) spectrum and b) correlations of compound (5). 

29



 

CHEMISTRY 

Assignments can be performed starting from the signal 

which showed correlation with the hydrogen from an amino 

group (9.25 ppm) and doublet of doublets at 8.10 ppm. Based on 

the spatial disposition in the molecule, it is clear that this signal 

belongs to the proton H-5. The signal shape corresponding to the 

position of the proton in the molecule, since it is coupling with 

one vicinal (H-6, J = 8.0 Hz) and one distant (N-7, J = 1.6 Hz) 

proton. Signals of other protons, bound to the coumarin core are 

assigned based on their correlations in the NOESY spectrum, in 

a similar manner. Chemical shifts of the carbon atoms to which 

these protons are attached (C-5, δ 123.3; C-6, δ 125.7; C-7, δ 

131.8; C-8, δ 118.0) were determined based on the HSQC 

spectrum. This assignation is in agreement with data obtained 

from the HMBC spectrum (correlation of hydrogen and carbon 

through three chemical bonds) (Fig. 4).  

 

Figure 3. HSQC spectrum of compound (5). 

Based on interactions with the H-5 in the same spectrum, 

the chemical shifts of quaternary carbons, C-4a and C-8a, 113.2 

and 153.0 ppm, respectively, were assigned. Proton H-5 in this 

spectrum showed a once more correlation, with the signal at 

145.5 ppm, which assigned carbon at position C-4. The chemical 

shift of the only remaining quaternary carbon atom from the ring 

of the substituent, C-2' at 150.7 ppm (Table 1), was determined 

based on his HMBC correlation with the proton on position H-5'. 

Table 1. NMR data of compound (5) recorded at 101 (13C NMR) 

and 400 MHz (1H NMR). 

Position δH, m (J, Hz) δC NOESY* HMBC** 

2  154.4   

3  116.5   

4  145.5   

4a  113.2   

5 
8.10 dd 

(1.6, 8.0) 
123.7 H-6 

C-4, C-7, 

C-8a 

6 
7.49 td 

(0.8, 8.0) 
125.7 H-5, H-7 C-4a, C-8a 

7 
7.67 ddd 

(1.6, 8.0, 8.4) 
131.9 H-6, H-8 C-5, C-8a 

8 
7.56 dd 

(0.8, 8.4) 
118.0 H-7 

C-4a, C-6, 

C-8a 

8a  153.0   

2'  150.7   

N-H 9.25 brs    

5' 9.34 s 151.1  C-2' 

*NOESY interactions of the hydrogen from the column ˮPositionˮ 
with the hydrogen from the column ˮNOESYˮ 

**HMBC interactions of the hydrogen from the column ˮPositionˮ 
with the carbons from the column ˮHMBCˮ 
 

a) b) 

Figure 4. HMBC a) spectrum and b) correlations of compound (5). 
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In this way, the chemical shifts of all hydrogen and carbon 

atoms were determined, except for carbons at position C-2 and 

C-3, which showed no correlation in all of these two-dimensional 

NMR spectra. The two last unassigned signals in the 13C NMR 

spectrum at 154.4 and 116.5 ppm (Fig. 5) were attributed to the 

C-2 and C-3, respectively, based on the expected values and 

compared with similar compounds of previous studies (Dekić et 

al, 2010; Dekić et al., 2016). 

 

Figure 5. 13C NMR (CDCl3, 100.6 MHz) spectrum of compound 

(5). 

DPPH assay 

The DPPH assay is a simple, fast and reliable method for 

determining the antioxidant activity of the compounds. The 

percentage inhibition of DPPH radicals, depending on the 

concentration of the tested compound (5), is showed at Fig. 6. 

Also, the IC50 value for the tested compound was determined, 

with the amount of 596.7±0.3 μg/ml. 

 

Figure 6. Percentage of inhibition (%) of DPPH radical 

depending on the concentration of the tested compound. 

Ascorbic acid was used as a positive control. 

Ascorbic acid, known as an exceptional antioxidant, 

inhibits 50% of the DPPH radicals at a concentration of 3.0±0.1 

μg/ml. By comparing the result obtained for the tested compound 

with the result for ascorbic acid, it can be concluded that the 

tested compound showed a very good antioxidant potential. 

CONCLUSION 

Briefly, synthesis, spectral characterization and antioxidant 

activity of the new coumarin derivative 4-((1,3,4-thiadiazol-2-

yl)amino)-3-nitro-2H-chromene-2-one, is described. The 

structure of the synthesized compound was confirmed by the 

complete assignment of 1H and 13C NMR spectra, based on data 

obtained by 1D and 2D NMR techniques. Determination of 

antioxidant activity was performed by DPPH assay. The tested 

compound showed a good antioxidant potential, which provides 

a strong basis for further research. 
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ABSTRACT 

The molecular and crystal structure of a newly synthesized Co(II) complex with 2,6-diacetylpyridine 

bis(phenylhydrazone) (L), of the formula [CoL2]I2 are described. The reaction of warm EtOH solutions of the 

ligand, 2,6-diacetylpyridine bis(phenylhydrazone) and CoI2 in molar ratio 1:1 resulted in formation of black single 

crystals of the title complex. This is the first and so far, the only metal complex with this ligand that is 

characterized by single crystal X-ray crystallography. Co(II) is situated in a distorted mer-octahedral surrounding 

of two tridentate N3 coordinated ligand molecules. Complex crystallizes in monoclinic crystal system in C2/c space 

group. Besides X-ray analysis, conductometric, spectroscopic and magnetic properties of the complex are 

investigated. 

Keywords: Metal complex, Hydrazone, 2,6-diacetylpyridine derivative, Structure determination.

INTRODUCTION 

Hydrazones represent a large and versatile group of organic 

compounds, characterized by  atomic triade. 

They are usually prepared by the condensation of carbonyl 

compounds and hydrazine or its derivatives. Considering the 

variety of both carbonyl compounds and hydrazine derivatives, 

the large number of synthesized hydrazones is not surprising. 

This topic is very interesting for researchers, thus numerous 

review papers and monographs are published ( Guimarães et al., 

2017; Kitaev, 1977; Kitaev & Buzykin, 1974; Rollas et al., 2007; 

Shakdofa et al., 2014; Watanabe et al., 2018; Yang et al., 2016). 

These compounds are important not only from theoretical, 

but also practical point of view (wide range of biological 

activity, catalytic activity, use as analytical reagents, etc.) 

(Guimarães et al., 2017; Rollas et al., 2007; Shakdofa et al., 

2014; Watanabe et al., 2018; Yang et al., 2016). 

Having different electron-donor atoms (N, O, S, etc.) to 

coordinate the metal ions, made this group of compounds very 

interesting topic for coordination chemists (Kogan et al., 1990; 

Shakdofa et al., 2014; Watanabe et al., 2018). Among these 

ligands, 2,6-diacetylpyridine bis(hydrazones) stand out. These 

ligands can have different denticity, depending on the hydrazine 

derivative, but the most common are tri- and pentadentate ones. 

The simplest ligand of this group is 2,6-diacetylpyridine 

bis(hydrazone), which is obtained in the reaction of hydrazine 

hydate and 2,6-diacetylpyridine (Shee et al., 2013). This N3 

tridentate ligand coordinates the metal ion through pyridine and 

two imine nitrogen atoms, forming two 5-membered 

metallocycles. The only exception is a dimeric complex of Cd(II) 

                                                             
  * Corresponding author: marko.rodic@dh.uns.ac.rs 

in which, besides the mentioned three ligators, the terminal 

nitrogen atom is involved in coordination as a bridge (Shee et al., 

2013). 

In (Curry et al., 1967) synthesis, spectroscopic and 

magnetic characterization of mono- and bis(ligand) complexes of 

Fe(II), Co(II), Ni(II) and Cu(II) with 2,6-diacetylpyridine 

bis(phenylhydrazone) (L), of the general formulas M(L)Cl2, and 

[ML2](ClO4)2, are described. 

The survey of the Cambridge Structural Database (version 

5.39, update May 2018) (Groom et al., 2016) revealed that there 

are no structurally characterized metal complexes with this 

ligand. Here we report molecular and crystal structure, as well as 

some physicochemical properties of a novel complex of CoI2 

with 2,6-diacetylpyridine bis(phenylhydrazone), of the formula 

[CoL2]I2. This is the first complex of any metal with this ligand, 

which is obtained in the form of single crystals, thus fully 

structurally characterized. 

EXPERIMENTAL 

Materials and methods 

All chemicals used were commercial products of analytical 

reagent grade. Elemental analyses (C, H, N) of air-dried 

complexes were carried out by standard micromethods in the 

Center for Instrumental Analyses, ICTM in Belgrade. Molar 

conductivities of freshly prepared complexes solutions 

(c = 1×10−3 mol dm−3) were measured on a Jenway 4010 

conductivity meter. IR spectra were recorded using KBr pellets 

on a NEXUS 670 FTIR spectrophotometer (Thermo Nicolet) in 

the range of 4000–400 cm−1. Melting points were measured on a 

Nagema melting point microscope Rapido. Magnetic 

susceptibility measurements were conducted at room temperature 
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on an MSB-MKI magnetic susceptibility balance, Sherwood 

Scientific Ltd. Cambridge. 

Synthesis of ligand 

The mixture of 0.80 g (5 mmol) 2,6-diacetylpyridine and 

1.45 g (10 mmol) phenylhydrazine-hydrochloride was heated in 

10 cm3 EtOH. In the resulting red solution 2.00 g (20 mmol) 

LiOAc∙2H2O was added and this mixture was refluxed for 40 

minutes, during which the solution became yellow. Cooling to 

the room temperature resulted in the formation of yellowish 

fibrous product, which was filtered and washed with EtOH and 

Et2O. Yield: 1.28 g (75 %). Anal. Calcd. for C21H21N5: C, 73.44; 

H, 6.16; N, 20.39. Found: C, 73.54; H, 6.05; N, 20.18. IR bands 

[ /cm−1]: 3432m, 3347m, 1601vs, 1563s, 1508m, 1452s, 

1363w, 1291w, 1250vs, 1164vs, 1081w, 994w, 840w, 815w, 

750m, 694m, 650w, 507w. M.p. = 216–218 C. 

Synthesis of complex 

The mixture of 0.032 g CoI2 (0.1 mmol) and 0.034 g (0.1 

mmol) of L was heated in 10 cm3 of MeOH until complete 

dissolution. The obtained dark solution was left at the room 

temperature and after two days black prismatic single crystals 

were filtered and washed with MeOH. Yield: 0.030 g (60 %). 

Anal. Calcd. for [C42H42CoN10]I2: C, 50.87; H, 4.11; N, 14.32. 

Found: C, 50.46; H, 4.23; N, 14.01. IR bands [ /cm−1]: 3545m, 

3410m, 3160s, 3097m, 3050m, 2980m, 2938m, 1598vs, 1515s, 

1494s, 1439m, 1380w, 1261vs, 1170m, 1090m, 1049m, 881w, 

804w, 750s, 694s, 662w, 501w. M.p. > 250 C. Molar 

conductivity, ΛM (S cm2 mol−1): 150 (MeOH). μeff (BM): 4.58. 

Crystal structure determination 

Diffraction experiment was performed on an Oxford 

Diffraction Gemini S diffractometer, equipped with Sapphire3 

detector. The measurements were performed at room 

temperature. Radiation from sealed tube with Mo-anode was 

used. Unit cell determination, data collection, and reduction was 

performed with the CrysAlisPro software ( Rigaku Corporation, 

2015). The crystal structure was solved by using SHELXT 

(Sheldrick, 2015a), and refined by full-matrix least squares 

method by using SHELXL-2018 (Sheldrick, 2015b) and ShelXle 

(Hübschle et al., 2011). Software used for crystal structure 

analysis: PLATON (Spek, 2009), Mercury CSD (Macrae et al., 

2008), and CrystalExplorer (Turner et al., 2017). 

CCDC 1883840 contains the supplementary 

crystallographic data for this paper. These data can be obtained 

free of charge from The Cambridge Crystallographic Data Centre 

via www.ccdc.cam.ac.uk/structures. 

A summary of the crystallographic data for crystal 

structures is given in Table 1. 

 

 

Table 1. Crystallographic data and refinement statistics. 

Crystal data  

Chemical formula [C42H42CoN10]I2 

Mr (g cm−3) 999.58 

Crystal system Monoclinic 

Space group C2/c 

Temperature (K) 294 

a (Å)  21.1576(4) 

b (Å) 15.8949(3) 

c (Å) 12.1287(2) 

β (°) 92.247(2) 

V (Å3) 4075.72(13) 

Z 4 

Crystal size (mm) 0.69 × 0.42 × 0.27 

Data collection 

Diffractometer 
Gemini S (Oxford 

Diffraction) 

Radiation type Mo Kα 

No. of measured reflections 17919 

No. of independent reflections 4839 

No. of observed [I > 2σ(I)] 

reflections 
4092 

Rint 0.020 

(sin θ/λ)max (Å−1) 0.678 

µ (mm−1) 1.98 

Absorption correction Analytical 

Tmin, Tmax 0.168, 0.467 

Refinement 

No. of reflections 4839 

No. of parameters 257 

No. of restraints 2 

H-atom treatment Mixed 

R[F2 > 2σ(F2)] 0.032 

wR(F2) 0.079 

S 1.05 

Δρmax, Δρmin (e Å−3) 0.74, −0.71 

RESULTS AND DISCUSSION 

Synthesis and physicochemical characterization of the 

compounds 

Ligand, 2,6-diacetylpyridine bis(phenylhydrazone) is 

obtained in a good yield (75 %) in the reaction of warm EtOH 

solutions of stochiometric amounts of 2,6-diacetylpyridine and 

phenylhydrazine hydrochloride in the presence of the excess of 

LiOAc (scheme 1). 

It should be mentioned that the same ligand was earlier 

obtained in the reaction of warm EtOH solutions of 2,6-

diacetylpyridine and neutral phenylhydrazine (Curry et al., 

1967). 

The ligand is well soluble in acetone, partially soluble in 

MeOH and EtOH, and insoluble in Et2O and H2O. Hydrazone 

structure of the ligand, i.e. the condensation of both of keto-

groups of the diketone, could be proven by the elemental 
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analysis, but also the absence of the characteristic very strong 

carbonyl band at 1707 cm–1 in the IR spectrum of the ligand. 

 

Scheme 1. Synthesis of the ligand. 

Black single crystals of the complex are obtained in a good 

yield (60 %) in the reaction of warm EtOH solutions of the 

ligand and CoI2. Despite the fact that metal–ligand molar ratio 

was 1:1, bis(ligand) complex was formed. Unlike this bis(ligand) 

complex, in (Curry et al., 1967) the synthesis of mono(ligand) 

complex of the formula Co(L)Cl2 is reported. The obtained 

complex is stable in air and high temperatures (M.p. ˃ 250 °C), 

partially soluble in EtOH and H2O, while its solubility in MeOH 

and DMF is better. Molar conductivity of MeOH solution of the 

complex has a value characteristic for 2:1 electrolyte type, thus is 

in concordance with the coordination formula (Geary, 1971). The 

value of the effective magnetic moment (μeff = 4.58 BM) is 

characteristic for high-spin octahedral Co(II) complexes. 

In the IR spectrum of the complex, the band at 3155 cm–1 

could be ascribed to ν(NH) vibrations. Other high-energy bands 

(3100 – 2940 cm–1) correspond to the ν(CH) vibrations of CH3-

groups and aromatic rings (pyridine and benzene). Bands at 1599 

and 1494 cm–1 could be assigned to ν(C∙∙∙C) and ν(C∙∙∙N) 

vibrations of pyridine and benzene rings, while the band at 1517 

cm–1 corresponds to ν(C=N) vibrations of imine group. In free 

ligand, the latter is found at higher energy (1563 cm–1), and due 

to coordination of nitrogen atom suffers a negative shift (Curry et 

al., 1967; Kazak et al., 2009). 

Crystal structure of the complex 

The compound crystallizes in monoclinic crystal system, 

space group C2/c. The content of the asymmetric unit, atom 

numeration, and molecular structure are depicted in Fig. 1. The 

complex cation exhibits a perfect C2 symmetry imposed by the 

space-group symmetry since Co(II) atom occupies a special 

position. Thus, the asymmetric unit of the unit cell is comprised 

of a ligand molecule, half of a metal atom, and an iodide ion. The 

search for higher non-crystallographic symmetry of the complex 

cation by the method of Continuous Symmetry Measures 

(Zabrodsky et al., 1992) indicates that cation symmetry only 

slightly deviates from D2 point group, as CSM(D2) = 0.251. Apart 

from the crystallographic two-fold axis, the two additional non-

crystallographic two-fold axes are positioned along N1–Co1–N1i 

bonds and the bisector of N2A–N2Bi angle [symmetry code (i): 

−x+1, y, −z+1/2]. 

 

Figure 1. a) Asymmetric unit of [CoL2]I2 and atom labeling scheme. Displacement ellipsoids are drawn at the 50% probability level. 

Hydrogen atoms have been drawn as spheres of arbitrary radius. b) Perspective view of the molecular structure of [CoL2]I2. 

The Co(II) atom is situated in a distorted octahedral 

environment, formed by two meridionally arranged tridentate N3 

chelate ligands. The octahedra is distorted, as two ligands are not 

mutually perpendicular. The planes defined by N1, N2A and 

N2B donor atoms of the symmetry-related ligands enclose the 

dihedral angle of 75.65(6)°. The valence angles within the 
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coordination polyhedron deviate from ideal values (Table 2). The 

trans-valence angle N2A–Co1–N2A and cis-valence angles N1–

Co1–N2A, N1–Co1–N2B with values of 150.69(7)°, 74.14(7)°, 

and 76.56(8)°, respectively, display the largest deviations. This is 

caused by geometry constraints imposed by the ligand structure 

and its chelate coordination. 

Table 2. Selected bond lengths (Å), valence and torsion angles (°). 

Bonds Length (Å) Bonds Angle (°) 

Co1–N1 2.0061(18) N1–Co1–N1i 173.87(11) 

Co1–N2B 2.1993(19) N2A–Co1–N2B 150.69(7) 

Co1–N2A 2.3057(19) N1–Co1–N2A 74.14(7) 

N1–C3 1.338(3) N1–Co1–N2B 76.56(8) 

N1–C7 1.346(3)   

C2–C3 1.467(3) Bonds Torsion angle (°) 

C7–C8 1.465(4) N1–C3–C2–N2A 16.1(3) 

N2A–C2 1.298(3) N1–C7–C8–N2B 4.3(3) 

N2B–C8 1.302(3) C2–N2A–N3A–C10A −161.1(2) 

N2A–N3A 1.374(3) C8–N2B–N3B–C10B −165.6(2) 

N2B–N3B 1.366(3)   

N3A–C10A 1.390(3)   

N3B–C10B 1.400(4)   

Symmetry code: (i) −x+1, y, −z+1/2; 

The two five-membered chelate rings are not planar and 

their conformational analysis is problematic due to large 

discrepancy between ring bond lengths. The method of Duax et 

al. (1976) reveals that conformations of these rings are 

intermediate between the envelope (E) and half-chair (T) forms. 

For the Co1–N1–C3–C2–N2A metallocycle, the lowest values of 

∆Cs asymmetry parameters are ∆Cs(Co1–N1)=∆Cs(C2) = 6.9(2)° 

and ∆Cs(N1–C3) = ∆Cs(N2A) = 9.1(2)°, which point to 4E and E5 

conformations, respectively. Also, the lowest ∆C2 asymmetry 

parameter is ∆C2(C2–N2A) = ∆C2(N1) = 2.3(2)°, which suggests 
4T5 conformation. Similarly, for the Co1–N1–C7–C8–N2B ring, 

the lowest ∆Cs asymmetry parameters ∆Cs(C7–C8) = ∆Cs(Co1) = 

3.9(3)° and ∆Cs(N1–C7) = ∆Cs(N2B) = 4.6(2)° hint to 1E and E5 

conformations, respectively.  Again, the lowest ∆C2 asymmetry 

parameter is ∆C2(N2B–Co1) = ∆C2(C7) = 2.3(2)° which signals 
1T5 conformation.  

To resolve this ambiguity, a different approach by the 

method of Cremer & Pople (1975), followed by decomposition 

of puckering parameters into linear combinations of two basic 

forms (E and T) by the method of Evans & Boeyens (1989) was 

applied. The results are summarized in Table 3. The findings 

confirm that conformations of both rings are best described as a 

mixture of half-chair and envelope forms. For the ring Co1–N1–

C3–C2–N2A, the conformation is described as 63% E5 and 37% 
4T5, while the conformation of ring Co1–N1–C7–C8–N2B is 

expressed as 57% 1T5 and 43% E5. 

Table 3. Cremer–Pople puckering parameters of five-membered rings. 

Ring Q2 / Å φ2 / ° aφ(E) + bφ(T)* 

Co1–N1–C3–C2–N2A 0.169(2) 317.3(7) 62.7 (1.8) + 37.3 (1.7) 

Co1–N1–C7–C8–N2B 0.1632(18) 349.7(9) 42.8 (2.0) + 57.2 (1.9) 

* a and b are given as percentages. φ is expressed as a multiple of π/2N. 

The ligand is coordinated in a neutral form through nitrogen 

atoms of the pyridine ring, and two azomethine nitrogen atoms. 

The same coordination mode is found in [ZnL2](CF3O3S)2, where 

L is structurally related ligand 2,6-diformylpyridine 

bis(phenylhydrazone) (Dumitru et al., 2009). Metal–ligand bond 

lengths are in the range of 2.0061(18)–2.3057(19) Å, with Co–

N1 being the shortest one. The two phenylhydrazine moieties are 

asymmetrically coordinated, as indicated by different metal–

ligand bond lengths (Table 2). Intra-ligand bond lengths are in 

the expected range. The bonds within pyridine and both phenyl 

rings have lengths indicative of electron delocalization along 

these moieties. The bonds C2–N2A and C8–N2B are the only 

two that have lengths characteristic of localized double bonds. 

The ligand molecule significantly deviates from planarity. 

In order to avoid steric clashes with symmetry-related ligand 

within the coordination polyhedron, a twisting of 

phenylhydrazine moieties occurs. The magnitude or twisting 

along C3–C2 bond is greater when compared with that along 

C7–C8 bond, visualized through the values of torsion angles 

τ(N1–C3–C2–N2A)=16.1(3)° and τ(N1–C7–C8–N2B) = 4.3(3)°. 

The torsion along N2A–N3A and N2B–N3B bonds is similar in 

magnitude, yet in opposite sense relative to the chelate plane 

[τ(C2–N2A–N3A–C10A) = −161.1(2)°, and τ(C8–N2B–N3B–

C10B) = −165.6(2)°]. The mentioned differences between 

twisting along these bonds lead to significant differences in the 

final positions of phenyl rings A and B with the respect to the 

position of the pyridine ring of the symmetry-related ligand 
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belonging to the same coordination sphere, as it is tabulated in 

Table 2. 

The packing of structural units is dominated by the large 

complex cation. Cation’s Hirshfeld surface (HS) decomposition 

into intermolecular atom–atom contacts (Fig. 2), reveals that 

68.4% of the HS is dominated by cation–cation H···H contacts at 

distances around or beyond the sum of their Van der Waals radii. 

The C···H and H···C contacts comprise 13.2% of the cation’s 

HS. Due to the large discrepancy between cation and anion sizes, 

only 13.6% of the cation HS can be ascribed to the H···I 

contacts. However, these contacts correspond to the regions with 

the lowest dnorm values on the cation HS and match NH···I and 

CH···I hydrogen bonds (Table 4). The anion’s HS is over 99% 

mapped with I···H contacts. 

 

Figure 2. Fingerprint plot of intermolecular contacts, and its decomposition based on specific atom–atom contacts for cation [CoL2]2+ 

(a) and anion I− (b). 

Table 4. Selected hydrogen-bond parameters. 

D–H···A D–H (Å) H···A (Å) D···A (Å) D–H···A (°) 

N3A–H3A···I1 0.842 (17) 2.802 (18) 3.633 (2) 170 (3) 

N3B–H3B···I1i 0.842 (17) 2.87 (2) 3.690 (2) 166 (3) 

C1–H1C···I1 0.96 3.16 3.947 (3) 140.3 

C6–H6···I1ii 0.93 3.06 3.944 (3) 158.9 

C9–H9C···I1i 0.96 3.18 3.927 (3) 136.1 

Symmetry code(s): (i) −x+1, y, −z+1/2; (ii) x−1/2, −y+1/2, z−1/2. 

CONCLUSION 

By the reaction of warm methanolic solutions of CoI2 and 

tridentate N3 2,6-diacetylpyridine bis(phenylhydrazone), L, not 

only in molar ratio 1:2, but also in molar ratio 1:1, high-spin 

bis(ligand) complex of the formula [CoL2]I2 is obtained. Single 

crystal X-ray analysis has shown that the complex has a distorted 

mer-octahedral configuration. This is the first and so far, the only 

complex of any metal with the titled ligand, that is characterized 

by single crystal X-ray analysis. 
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ABSTRACT 

The study includes statistical analysis of Priština meteorological station data on temperature and precipitation 

trends. The data are organized into four time series: average annual air temperatures (Ta), average maximal 

annual air temperatures (Tamax), average minimal annual air temperatures (Таmin), as well as annual 

precipitation sums (RRsum), all in the period 1949 – 1999. The Mann-Kendallʹs (MK) trend test analysis of the 

corresponding hypotheses discloses that the H0 
hypothesis should be accepted.  The general conclusion is that 

there is no trend neither in maximal, minimal, average temperatures, nor in average annual precipitation for the 

1949 – 1999 period for the central Kosovo and Metohija (K&M).  

Keywords: Air temperature trend, Mann-Kendall, Precipitation trend, Priština, Kosovo and Metohija, Serbia. 

INTRODUCTION 

According

 to the Intergovernmental Panel on Climate 

Change (IPCC 2007) report, the global average temperature have 

risen for 0.7°C within the last 100 years. However, the global 

temperature rise is not distributed uniformly over the all of the 

Earth surface. 

The rise varies in different regions. Using data from 168 

meteorological stations across European continent, Klein Tank 

(2002) presented tendency of the European average temperature 

rise. In general, an average temperature rise in Europe is 

recorded both on annual and seasonal levels (Brázdil et al., 1996; 

Brunetti, 2004; Feidas, 2004; Brunet, 2007). 

In Serbia a trend of average temperature rise after 1975 is 

recorded too (Unkašević & Tošić, 2011). The results analysis of 

data on temperature extremes from 15 meteorological stations for 

the period 1949 – 2009 reveal that the climate in Serbia shows a 

worming tendency within last 61 years (Unkašević & Tošić, 

2013). Similar results on climate in our country were published 

recently (Ducić & Radovanović, 2005; Unkašević & Tošić, 

2009; Gavrilov et al., 2010, 2013a; Tošić et al., 2013; Hrnjak et 

al., 2013; Vukoičić et al., 2018; Milentijević et al., 2018). The 

climate in K&M was subject of several studies (Gavrilov et al., 

2018; Ivanović et al., 2017; Bačević et al., 2017) and shows a 

mild temperature rise tendency for the 1949 – 1999 period. GIS 

analysis in combination with numerical methods are very 

powerful tool for calculating and climatological properties 

(Valjarević et al., 2018). 

The focus of the study is the average annual and seasonal 

temperature and precipitation rise in Priština (central K&M) 

region for the 1949 – 1999 period. 

                                                           
  * Corresponding author: nikola.bacevic@pr.ac.rs 

MATERIAL AND METHODS 

Data 

The data from Priština meteorological station were 

organized into four time series: the average annual air 

temperatures (Ta), average maximal annual air temperatures 

(Tamax), average minimal annual air temperatures (Таmin), and 

annual precipitation sum (RRsum), all of them for the 1949 – 

1999 period. While forming the time series, we noticed that the 

data for some of the years were incomplete. Therefore, the 

completion of the data was needed in order to form the time 

series (Douglas et al., 2000). For that reason Random number 

generator function was done for the missing data. As a result, we 

obtained comprehensive time series, and could start with the data 

processing using Microsoft Office Excel 2007. One column was 

used to input data for the 1949 – 1999 period, and another to 

input the time series. Both columns are marked and, using 

Scatter function, a graph showing the temperature values is 

obtained. The graph was transformed into 2-D histograms more 

convenient for the time series analysis.  The resulting histogram 

consisted of 51 bars, the x axis was used to represent years, and 

the y axis was used to represent the measured values.  In order to 

create the trend curve, a special function should be activated in 

Excel 2007. In the Trendline options check-box we check the 

linear trend function. The Display Equation on Chart option 

helps us in obtaining the formula. Here one can arrange the trend 

line, color, size and the value units. In this way we formed four 

graphs (figure 1 – the annual precipitation sum distribution, 

figure 2 – the average maximal annual temperatures, figure 3 – 

the average minimal annual temperatures, figure 4 – the average 

annual temperatures.  

 

39



 

GEOGRAPHY, GEOSCIENCE AND ASTRONOMY 

Trend 

The temperature and precipitation trends were examined 

using three statistical analyses. The first data processing was 

used to calculate linear equations representing Priština 

meteorological station data trends. The trend was represented 

with a linear curve showing values of annual (maximal, minimal, 

average) temperatures and annual precipitation sums. The second 

statistical processing was done using XL-stat software that uses 

MK test on temperature and precipitation (Gilbert, 1987). The 

test is mostly used in environmental sciences that require 

meteorological data processing (e.g. Gavrilov et al., 2010, 2011, 

2013a, 2018; Hrnjak et al., 2013). The MK trend test is very 

convenient because it could be used for different groups of data 

(Kendall, 1938, 1975). The minimal number of time series for a 

successful test is ten. After the trend processing, the XL-stat 

software tests two hypotheses: (1) 
a

H  – there is a trend, and (2) 

0
H  – there is no trend in time series. The trend probability is 

defined through the scientific reliability level (α-0.05). In the 

third data processing, differences between the first and the last 

values of temperatures/precipitation were calculated for the 1949 

– 1999 period. These values represent the quantitative 

measure/value (Δy). 

Study area 

Priština, the capital of K&M province is located in the north 

part of Kosovo basin, on foothills of the Grmija Mountain. The 

urban core area covers 857 km², its altitude is 652 m above the 

sea level, and coordinates are: latitude 42° 65ʹ N and longitude 

21° 15ʹ E. Priština meteorological station is located near the city 

airport, in Goleš.  Its coordinates are: latitude 42° 67ʹ N and 

longitude 21° 17ʹ E, and its altitude is 573 m (Gavrilov et al., 

2018). 

 

Figure 1. Physical-geographical map of the Republic of Serbia and Kosovo and Metohia in Europe, and the position of the 

meteorological station of Prishtina, which is especially marked with red circles. 

NUMERICAL RESULTS 

The four time series were subjected to three different ways 

of statistical data processing. The corresponding equations and 

relevant values for precipitation, maximal, minimal and average 

temperatures are as follows:  

1,2,3,4.(1 )

0.645 597. 0.0738, 39., 0.45 96.7, p

RRsum

y x p y



     
 (1) 

1,2,3,4.(2 max)

0.013 23.1, 0.104, 0.292, 0.65.

Ta

y x p y



      
          (2) 

1,2,3,4.(3 min)

0.011 2.9, 0.137, 0.58.0.162,

Ta

y x p y



      
            (3) 

1,2,3,4.(4 )

0.005 10.2, 0.073, 0.471, 0.25.

Ta

y x p y



       
        (4) 

The first equation (1-Rrsum)1,2,3,4 represents the average 

precipitation sum in Priština for the 1949 – 1999 period, 1 – the 

linear equation, 2 – Kendall τ value (the range of values from  + 

1 to – 1), 3 – p - the trend probability, 4 – Δyp is the difference in 

values at the beginning and the end of the period. The second 

equation 1,2,3,4(2 max)Ta  represents average maximal annual 
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temperatures in Priština for the 1949 – 1999 period, 1 – the linear 

equation, 2 – Kendall τ value (the range of values from  + 1 to – 

1), 3 – p - the trend probability, 4 – Δyp is the difference in 

values at the beginning and the end of the period. The third 

equation (Tamin)1,2,3,4 represents average minimal annual 

temperatures in Priština for the 1949 – 1999 period, 1 – the linear 

equation, 2 – Kendall τ value (the range of values from  + 1 to – 

1), 3 – p  - the trend probability, 4 – Δyp is the difference in 

values at the beginning and the end of the period. The fourth 

equation ( Ta)1,2,3,4 represents average annual temperatures in 

Priština for the 1949 – 1999 period, 1 – the linear equation, 2 – 

Kendall τ value (the range of values from  + 1 to – 1), 3 – p  - the 

trend probability, 4 – Δyp is the difference in values at the 

beginning and the end of the period. 

All four trends with their linear equations and magnitudes 

were obtained with the XL-stat software. There we dealt with 

(maximal, minimal, average) temperatures, as well as with 

precipitation sums. The conclusion is that the 
0

H  hypothesis 

should be accepted. It shows that there is no trend in the time 

series.  Besides, in equations (1, 2, 3, 4) we calculated the 

Kendall τ correlation value, p value and the trend magnitude 

value (Δy). 

Figures (2), (3), (4), (5) represent results of trend testing 

with the MK test with respective hypothesis assessment. Using 

these results we analyze trends for four time series. 

 

Figure 2. Annual precipitation sum distribution, the trend line and the trend equation for Priština in the 1949 – 1999 period. 

 

Figure 3. Average maximal annual temperatures, the trend line and the thrend equation for Priština in the 1949 – 1999 period. 

 

Figure 4. Average minimal annual temperatures , the trend line and the trend equation for Priština in the 1949 – 1999 period. 
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Figure 5. Average annual temperatures, the trend line, the trend equation for Priština in the 1949 – 1999 period.

 Negative trend values in the time series can be seen in the 

Figure 2, as well as in the equation 1-(RRsum)1,2,3,4. The 

hypothesis test will give us an answer whether this assertion is 

true or not. The calculated p value is higher than 0.05, which 

means that the null hypothesis should be accepted. The 

probability for its acceptance is 45.66 %. The precipitation 

difference Δyp  equals 39.96 mm. 

Positive trend values in the time series are seen in the 

Figure 3, as well as in the equation (2-Tamax)1,2,3,4. The 

hypothesis test will give us an answer whether this assertion is 

true or not. The calculated p value is higher than 0.05, which 

means that the null hypothesis should be accepted. The 

probability for its acceptance is 29.19 %. The tempreature 

difference Δy equals – 0.65 °C. 

 Positive trend values in the time series are seen in the 

Figure 4, as well as in the equation (3-Tamin)1,2,3,4. The 

hypothesis test will give us an answer whether this assertion is 

true or not. The calculated p value is higher than 0.05, which 

means that the null hypothesis should be accepted. The 

probability for its acceptance is 16.24 %. The tempreature 

difference Δy equals – 0.58 °C. 

Negative trend values in the time series are seen in the 

Figure 5, as well as in the equation (4-Ta)1,2,3,4. The hypothesis 

test will give us an answer whether this assertion is true or not. 

The calculated p value is higher than 0.05, which means that the 

null hypothesis should be accepted. The probability for its 

acceptance is 47.07 %. The tempreature difference Δy equals  

0.25 °C. 

CONCLUSION 

Priština meteorological station was a part of Serbian 

meteorological system until 1999. It started with data collecting 

in 1949. Its significance is in its location – near the K&M 

province capital.  The data used in this study was for the 1949 – 

1999 period. The data processing was organized in two phases. 

In the first one a random data interpolation took place. In the 

second phase the XL-stat statistical software was chosen, and 

using it we came to assertions on data trends for (maximal, 

minimal, average) temperatures and precipitations. The Mann-

Kendallʹs trend test was used due to its suitability for 

meteorological data processing. For the purpose of obtaining 

long term climate assessments, three statistical trends for two 

time series were done and a conclusion about Priština trend was 

drawn. Having in mind results of the MK test, we come to a 

conclusion that the 
0

H  hypothesis should be accepted. The 

general conclusion is: there is no trend neither in maximal, 

minimal, average temperatures, nor in average precipitation sums 

for the 1949 – 1999 period. 
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ABSTRACT 

The town of Obrenovac is situated near the banks of three rivers, the Sava River, the Kolubara River and the 

Tamnava River. It looks like a modern town, though it has often developed in an unplanned manner. This causes 

huge problems as it thrives in a rough terrain, without a plan, which the communal infrastructure cannot follow. 

Today's needs in terms of spatial planning, envisaging projects and keeping track of a different kind of 

information on space demand that new technologies be applied since they make it possible for procuring efficient 

and reliable information as well as connecting and interconnecting various sorts of data. Also with advanced 

numerical GIS data and relief analysis we were successfully calculated consequence of the last big flood in 2014.    

Keywords: Rivers, Flood, Digital, Modelling, Preventive, GIS. 

INTRODUCTION 

The

 catastrophic floods in May 2014 was producing many 

damage consequences in the territory of the municipality of 

Obrenovac. The wild river Kolubara caused a flood to remember. 

The catastrophic floods which affected Obrenovac were not the 

first ones for the town to encounter through history.  Built not 

too far away from the banks of the Sava, Kolubara and Tamnava 

River, Obrenovac seems destined to fight frequent floods. Once 

time in one-hundred year Obrenovac was hit by the catastrophe 

flood.   Could we have learned a lesson from history and is the 

town council sufficiently technologically equipped and trained 

for managing modern technologies? Today's needs in the field of 

spatial planning, envisaging projects and keeping track of 

various information demand that new technologies be applied. 

They make way for efficient and precise information, including 

the possibility of connecting and interconnecting various sorts of 

data (www.gis.srbijavode.rs) bearing in mind the fact that the 

European Union offers a special support to digital society 

development. Obrenovac is located 28 km southwest of Belgrade 

capital of Serbia (Figure 1). It is rightly said to have a long past 

and a short history. The first settlement to have appeared in its 

backyard was in the Neolith, cut across by the Tamnava and the 

Kolubara River, while the rural settlement of Palez was first 

mentioned in 1717. The name originates from the subterranean 

swampy terrain that houses were built on. The settlement first 

developed near the Kolubara River (Radovanović, 1963). After 

the liberation from the Ottoman rule, it moved west and started 

being built near the Tamnava River. Because of the floods during 

high water levels, the town was separated from the river banks 

although it was near them. The town borders the rivers; the Sava 

River to the north, the Kolubara River to the west, the Tamnava 
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River to the south and the Velika Bara Canal to the east. The 

position of 77 metres above sea level, in the Sava and Kolubara 

alluvial plain, has had an impact on the town being shaped as an 

inverted letter T (Figure 1).  

 

Figure 1. Position of the municipality of Obrenovac. 

One leg moves north, near the Obrenovac- Zabrežje outline 

in the direction of the Sava River as the other gets through the 

town centre emerging south, at the Kolubara River, following the 

east-west direction (Živković, 1977). Obrenovačka Posavina is 

the macro flood area of the Kolubara River over which the Sava 

is pushed 10 kilometres north of its initial flow below the 

Posavina section (www.jp.zzs.org.rs.). Basically, all types of soil 
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emerged from fluvial erosion or from accumulation. Near 

Oberenovac, the pronounced Posavina section stretches crosscut 

in the direction of the lower Kolubara valley. Its bottom fits into 

the Sava valley bottom and the one of the Srem Ditch. The 

Posavina section has its origin in a fissure but its appearance of 

today was created by the crosscut erosion of the Sava. The part 

of the Posavina Section between Obrenovac and Skela was cut 

across by wide valleys with terraces, with the bottom that most 

frequently continues as the Sava terrace with the serpentine and 

the elaborate Sava and Kolubara river beds. Because of the most 

recent lowering of the middle parts of the lower Kolubara basin, 

movement has been intensified, there has been intensified 

meandering, while the river flows have become dislocated, so 

that the elaborate Kolubara river beds create some kind of delta. 

The old Sava meanderings indicate the river's movement over the 

Sava terrace in the south-north direction (Jovanović, 1956). The 

process of erosion is ever so present in the territory of Obrenovac 

Municipality, especially east of the Kolubara River, including the 

process of eroded material accumulation in the lower flow of the 

Kolubara River, creating the ideal conditions for flood 

occurrence with every higher water level (Dragicević, 2002). 3D 

models make a more flexible view of topography possible while 

modern technologies account for simulating possible flood 

scenarios, this way preventing devastating catastrophes one such 

is the one that hit Obrenovac.  

OBTAINING FIELD EXPOSITIONS AND FLT OF 

OBRENOVAC MUNICIPALITY AREA FILE 

At the beginning of DEM inserting, it is important that the 

projection to be converted onto the map be determined. The 

WGS 84 datum and Mercator Projection is taken as the 

projection file to be transferred onto the map. On determining the 

projection from the DEM area, the terrain Obrenovac zone 

borderlines are determined in the altitude range of 70-72, 72-74, 

74-76, 76-78,78-80, >80 m (Table 1). Тtherefore, what is 

obtained among the contour lines in the areas later to be 

processed in the GIS software called QGIS and SAGA. The data 

processing is performed in the following way. DEM is inserted 

with the help of the software function Global Mapper 17. Then 

what is used is the function File Export Elevation from which the 

FLT grid format is derived. What is opened is the window in the 

software Export Slope Direction Values Instead of Evaluations, 

which is checked in order to determine the desirable altitudes and 

watershed properties (Figure 2). As FLT file is inserted, the 

window within DEM is activated (Clarke, 1988).  

 

Figure 2. Watershed of the territory of Obrenovac.  

DEM PREPARATION AND MAP CONVERSION 

There are numerous ways and methods of data insertion in 

GIS. One of the methods of determining the contour lines on a 

particular digital map is the FLT file extrapolation, which is an 

extension of GRID file.  FLT file is suitable as it belongs to a 

universal extension and as such, it can be read by major GIS 

software.  Another big advantage of FLT is the small size of the 

outgoing file. The major trait, however, is that DEM can be made 

out of it, thus creating a 3D model. The example of Obrenovac 

involves the primary task of making a border on which the grid is 

to be made. The border that has been taken is the one located on 

the geo portal http://www.geosrbija.rs/). The border is divided 

into cadastre sections. On determining the border, what is done 

next is making the GRID as an FLT format, which later 

determines the contour lines borders, and by using a special 

function in the software Global Mapper 17, the areas among 

these are determined too (Table 1). The scanning has been 

performed by obtaining altitudes and areas.   

What appears to be a great problem of the town of 

Obrenovac lies in the fact that the Kolubara and Sava banks are 

at a greater altitude than certain parts of the town. What one can 
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see from the table is 10.20 km
2
 or 24.2%, which is almost a 

quarter of the town's total area 72 metres high, 35.36 km
2 

or 

83.9% 74 metres high, as the Sava bank is 77 metres (the bank at 

Zabrezje); the Kolubara bank is 76 metres, that is near the Sava 

confluence and the altitude at the black point on the road to 

Sabacbetween Stocnjak and Rvat is 1 m. The lowest point of 

Obrenovac is at 73 metres above sea level, in the space called 

Plošće and inside the wide Sava meander, which changes its 

course near the vicinity of the village of Zabrezje and flooding 

level was 78 metres above absolute sea level. The digital 

visualization and simulation of events, for example, what area 

size would have been flooded if the Sava water level had risen 

for the altitude assumed, make it possible for envisaging and 

preventing unfortunate incidents. 

Table 1. Area of contour belts of Obrenovac and its properties. 

Altitude m Area km
2 

% 

70-72 10.20 24.193 

72-74 25.16 59.677 

74-76 2.62 6.214 

76-78 1.90 4.509 

78-80 1.84 4.364 

>80 0.44 1.043 

∑ 42.16
 

100.000 

MULTI-CRITERIA GIS ANALYSIS 

Geographic Information System and environmental 

modelling were applied in hazard investigation. All geospatial 

data can be used for mapping and modelling of the flood waves 

on the territory of the Municipality Obrenovac (Valjarević et al., 

2018; Valjarević at al., 2017). In this research we used numerical 

and GIS methods.  GIS software’s used belongs to open-source 

software’s this software’s are QGIS and SAGA. GIS analysis in 

combination with numerical methods are very powerful tool for 

calculating flood effects. The process of DEM and basic relief 

analysis in an area provides letter manipulation in GIS 

software’s. Although, there are a many other methods, but 

priority is given to 3D modelling and watershed analysis (Figure 

2). These methods include numerical autocorrelation and 

statistical relationship between points into 3D space 

(Malczewski, 2004; Pew & Larsen, 2001: Patterson & Hoalst-

Pullen, 2011; Valjarević, 2016). Both, GIS numerical analysis 

and spatial algorithms can be successfully can implemented in 

open-source GIS software QGIS. Using GIS software, we 

cropped territory of municipality Obrenovac after process of 

digitization. In this way we are manipulating with the vector 

data. Vector data after GIS total analysis we exported trough tool 

in one more software called Global Mapper 17. Global Mapper 

17 has excellent advantages, especially in 3D analysing and 

representing (Figure 3). (Valjarević et al., 2015; Patterson & 

Hoalst-Pullen, 2009). We monitored territory of Obrenovac for 

seven days.  

 

Figure 3. The high volume of wave on May 2014, with flooded 

areas. A- Situation before May 2014, B-situation in a day with 

highest wave.  High point of Obrenovac is 76.2 m and after flood 

in May 2014 was 80.2 m.  

ADVANCED GIS AND NUMERICAL METHODS 

Advanced Geographical Information system in combination 

with remote sensing techniques gave satisfactory results.  By 

applying advanced GIS methodology and numerical methods we 

analysed flood wave in the territory of Obrenovac.  GIS analysis 

established belts into six values (see Table 1). The special 

algorithms which situated in the interface of Global Mapper 

software rendered and vectorised all data of volume of waves. 

The data of waves are downloaded from the official web page of 

the Meteorological service of the Republic of Serbia 

(http://www.hidmet.gov.rs/). But with the help of pairs of two 

sofwares Global Mapper and SAGA with techniques of Semi-

automated and Full-automated kriging we were estimated 

volume of water in total. The process of vectorisation follows the 

process of pixelisation. The process of scattered pixels in an area 

provides later manipulation in GIS software Global Mapper and 

SAGA for obtaining density and the number of trees. Although 

there are a few other methods, priority is given to ordinary 
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kriging and global kriging methods. These methods include auto-

correlation or the statistical relationship among the measured 

points and are very flexible in the presentation of forest 

distribution and density (Jankowski et al., 2001). 

 

Figure 4. The elevation maps of the Municipality of Obrenovac with proposed contours lines.  

RESULTS  

By applying advanced GIS techniques and numerical data, 

we analyzed the condition of land belts in the municipality 

Obrenovac after the big flood in 2014 (Valjarević, 2016). With 

help of official meteorological and cadaster data, we found 

precise way to establish effects of the hazardous flood. 

According to GIS numerical and 3D analysis, we calculated area 

and volume of the flood in the territory of Obrenovac. The 

municipality of Obrenovac belong to the city of Belgrade and 

included such as city territory. The area of Obrenovac is 441 km
2 

after big flood territory covered by water was 78%. But, a 

territory of a central core of Obrenovac were 99%, as well only 

1% were without food. Reason for that is in the relief properties. 

West part of the municipality has higher altitudes for almost 10 

m, and also distance from river Kolubara is 11 km. 12% of non-

flooded areas situated in the north-west. When we talk about the 

volume of waves we have next results. First belt between 70-72 

m was covered 12%, second belt 72-74 m was covered 20%, 74-

76 m or third belt was covered 31%, third belt between 76-78 m 

was covered by 15% of water, fifth belt 78-80 m, was covered by 

20%, finally sixth belt or altitudes higher than 80 m, was covered 

2% of the territory. Also we calculated average and maximum 

wave of Kolubara and Sava rivers. Average wave of Kolubara 

river was 2.2 m, and maximum river was 3.7. On the river Sava 

average river was 3.1 and maximum wave was 4.5. Because 

terrain as well relief is lower near mouth of Kolubara river, 

north-east part of Obrenovac was destroyed more. The total 

volume of water was 17,856,345,455 m
3
. Also, because of 

Obrenovac municipality terrain the central territory shows 

altitudes between 60 and 90 meters, as well west and central part 

of the municipality lower than eastern and northern parts. After 

big floods the central part of the municipality is always at risk 

(see Figure 4; Table 1).  

CONCLUSION 

Today's needs in terms of spatial planning, envisaging 

projects and managing different sorts of information, result in 

obtaining efficient and reliable information, along with the 

possibility of connecting and interconnecting various sorts of 

data. New technology application demands concrete investment 

and a continual professional engagement, which would make it 

possible for experts to be used in critical situations and by which 

human lives would be saved along with the material welfare. By 

combining topographic and relief maps with 3D terrain models, 

it is possible to simulate events in space, envision their 

manifestations and in this light diminish the bad effects.  Also 

with the help of advanced numerical methods results could be 

more effective. Next step must be in creation database of 

Obrenovac, in this database it would be necessary to input all 

vector and hazardous data for better management against future 

floods. The data updated would be used in the field of water 

management, agriculture, forestry, environment protection etc. 
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ABSTRACT

Concept of causality is very popular and applicable nowadays, especially when we consider the cases "what would
happen if" and "what would have happened if". Here we consider the concept of causality based on the Granger’s
definition of causality, introduced in Mykland (1986). Many of the systems to which it is natural to apply tests of
causality take place in continuous time, so we will consider the continuous time processes. Here we consider the
connection between the concept of causality and the property of being a quasimartingale. Quasimartingales were
investigated by Fisk (1965), Orey and specially Rao (1969). Namely, in this paper we prove an equivalence between
the given concept of causality and preservation of quasimartingale property if the filtration is getting larger. We prove
the same equivalence for the stopped quasimartingale with respect to the truncated filtrations.

Keywords: Causality, Filtration, Martingale, Quasimartingale.

INTRODUCTION

In this paper we consider a stochastic process Xt which have
a decomposition into the sum of a martingale process and a process
having almost every sample function of bounded variation on the
interval I(I ⊆ R). Such a process is called a quasimartingale.

After Introduction, in Section 2 we give definition of the
causality concept, based on the Granger’s definition of causality
and some basic properties of that concept which will be used later.

One of the goals of science is to find causal relations. This
cannot always be done by experiments and researchers are re-
stricted to observe the system they want to describe. This is the
case in, e.g., economics, demography, etc. In the papers of Flo-
rens & Mouchart (1982), Gill & Petrovic (1987), Mykland (1986),
Petrović (1996) it is shown how the conditional independence can
serve as a basis for a general probabilistic theory of causality for
both processes and single events.

The paper introduces a statistical concept of causality which
unifies the nonlinear Granger–causality with some related con-
cepts.

The linear Granger–causality was introduced by Granger,
1969. We shall study a nonlinear version of the concept. Like the
linear one, it defines that the process Y = {Yt, t ∈ I}, (I ⊆ R) does
not cause the process X = {Xt, t ∈ I} if, for all t, the orthogonal
projection of the L2-space representing Xs, s > t, on the space rep-
resenting Xs and Ys, s ≤ t is contained in the space representing
Xs, s ≤ t. However, the spaces representing stochastic variables
are those over the σ-field generated by these variables, while in
the linear case they are the smallest closed linear spaces contain-
ing the variables.

We give a generalization of a causality relationship "G en-
tirely causes H within F" which (in terms ofσ-algebras) was intro-
duced by Mykland (1986) and which is based on Granger’s defini-

tion of causality (see Granger (1969)) and discuss the relationship
to nonlinear Granger–causality.

In Section 3, we consider relations between the given causa-
lity concept and the quasimartingale properties. More precisely,
we analyze connection between causality and the preservation of
the quasimartingale property with respect to the enlarged filtration
F (F is enlarged filtration of the natural filtration of quasimartin-
gale FX).

The given concept of causality can be connected to the or-
thogonality of martingales (see Valjarević & Petrović (2012)) and
the stable subspaces of Hp which contains the right continuous
modifications of martingales (see Petrović & Valjarević (2013)).
The preservation of the predictable representation property, in
the case when the information σ-algebra increases, is strongly
connected to the concept of causality (see Petrović & Valjarević
(2014)). Also, the concept of statistical causality can be connected
to the local weak solutions of stochastic differential equations
driven with semimartingales (see Petrović & Valjarević (2015)).

NOTATIONS AND DEFINITIONS

Concept of causality

Following Granger’s and Sims’s pioneering papers (see
Sims (1972)), the notion of causality in econometric is generally
defined within framework of prediction theory. This notion refers
to situations in which it is possible to reduce the size of the infor-
mation set that is taken into account for predicting a given variable
X1 without affecting the precision level of the prediction.

More precisely, a set of economic variables, denoted by X2,
does not cause a set of variables X1, if the information available
about X2 may be forgotten without any consequence regarding the
prediction of future X′1s. Since the content of the "available in-
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formation" set is not precisely described, the definition remains
ambiguous.

Modern financial econometrics is mainly devoted to the
study of rapidly evolving stochastic processes. The recent devel-
opment of continuous time modelling in finance is an important
motivation for considering the concept of causality in continuous
time.

In this part of the paper we give the definition of the concept
of causality relationship (in continuous time) between the flow of
information (represented by filtrations) and between the stochastic
processes.

Let (Ω,F , P) be an arbitrary probability space and let F =

{Ft, t ∈ I(⊆ R)}, be a family of sub-σ-algebras of F . Ft can be
interpreted as the set of events observed up to time t. Whether or
not sup I = +∞ or inf I = −∞ we define F∞ as the smallest σ-
algebra containing all the Ft (even if sup I < +∞). So, we have
F∞ =

∨
t∈I
Ft and F−∞ =

⋂
t∈I
Ft.

A filtration F = {Ft, t ∈ I} is a nondecreasing family of
sub-σ-algebras of F , i.e. that is

Fs ⊆ Ft, s ≤ t.

A probabilistic model for a time-dependent system is de-
scribed by (Ω,F ,Ft, P), where (Ω,F , P) is a probability space and
{Ft, t ∈ I} is a "framework" filtration, i.e. (Ft) are all events in the
model up to and including time t and (Ft) is a sub-σ-algebra of
(F ). We suppose that the filtration (Ft) satisfy the “usual condi-
tions”, which means that (Ft) is right continuous and each (Ft) is
complete.

Analogous notation will be used for filtrations H = {Ht} and
G = {Gt}, t ∈ I.

It will be said that the filtrations G and F are equivalent (and
written as G = F) if G ⊆ F and F ⊆ G, or equivalently, if Gt = Ft

for each t.
A family of σ-algebras induced by a stochastic process X =

{Xt, t ∈ I} is given by FX = {F X
t , t ∈ I}, where

F X
t = σ{Xu, u ∈ I, u ≤ t},

being the smallest σ-algebra with respect to which the ran-
dom variables Xu, u ≤ t are measurable. The process Xt is (Ft)-
adapted (or adapted to the filtration F = {Ft}) if all Xu, u ≤ t are
F-measurable, i.e. if

F X
t ⊆ Ft for each t.

The notation (Xt,Ft) means that Xt is (Ft)-adapted.
A family ofσ-algebras may be induced by several processes,

e.g. FX,Y = {F
X,Y

t , t ∈ I}, where

F
X,Y

t = F X
t

∨
F Y

t , t ∈ I.

On the probability space (Ω,F , P) the process Z = {Zt, t ∈ I}
is a (Ft, P)-martingale if Zt is (Ft)-adapted and E(Zt |Fs) = Zs for
all t ≥ s.

The intuitively plausible notion of causality formulated in
terms of Hilbert spaces, is given in Petrović (1996). We shall use
analogue notion of causality in terms of filtrations. Let F, G and
H be arbitrary filtrations. We can say that " G entirely causes H
within F " if

H∞ ⊥ Ft |Gt (1)

because the essence of (1) is that (Gt) contains all information
from the (Ft) needed for predicting H∞. Let us mention that the
condition G ⊆ F does not represent essential restriction. Thus, it is
natural to introduce the following definition of causality between
filtrations.

Definition 1. (see Petrović (1996)) It is said that G entirely causes
(or just causes) H within F relative to P (and written as H |<
G; F; P) ifH∞ ⊆ F∞, G ⊆ F and ifH∞ is conditionally indepen-
dent of (Ft) given (Gt) for each t, i.e.

H∞ ⊥ Ft |Gt for each t, (2)

(i.e.Hu ⊥ Ft |Gt holds for each t and each u), or

(∀A ∈ H∞) P(A|Ft) = P(A|Gt).

If there is no doubt about P, we omit "relative to P".
The continuous time framework is fruitful, not only for the

internal consistency of economic theories but also for the statisti-
cal approach to causality analysis between stochastic processes.

Intuitively, H |< G; F means that, for arbitrary t, information
about H∞ provided by (Ft) is not "bigger" than that provided by
(Gt) or that it is possible to reduce available information from (Ft)
to (Gt) in order to predictH∞ .

If G and F are such that G |< G; F, we shall say that G is
its own cause within F (compare with Mykland (1986)). It should
be mentioned that the notion of subordination (as introduced in
Rozanov (1974)) is equivalent to the notion of being one’s own
cause, as defined here. It should be noted that "G is its own cause"
sometimes occurs as a useful assumption in the theory of mar-
tingales and stochastic integration (see Bremaud & Yor (1978),
Revuz & Yor (2005)).

These definitions can be applied to stochastic processes if
we are talking about the corresponding induced filtrations. For ex-
ample, (Ft)-adapted stochastic process Xt is its own cause if (F X

t )
is its own cause within (Ft), i.e. if

FX |< FX; F; P, holds.

Extensions of the definitions to vector processes are usually
straightforward.

The process X which is its own cause is completely de-
scribed by its behavior relative to its natural filtration FX . For
example, process X = {Xt, t ∈ I} is a Markov process relative
to the filtration F = {Ft, t ∈ I} on a filtered probability space
(Ω,F ,Ft, P) if and only if X is a Markov process relative to FX

and it is its own cause within F relative to P.
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The concepts of causality in continuous time are truly rele-
vant for economic reasons (see Comte & Renault (1996)).

In many situations we observe some system up to some ran-
dom time, for example till the time when something happens for
the first time. Definition 1 is extended from fixed times to stopping
times in Petrović & Valjarević (2016).

The σ-field (FT ) = {A ∈ F : A ∩ {T ≤ t} ∈ Ft} is usually
interpreted as the set of events that occurs before or at time T (see
Elliot (1982)). For a process X, we set XT (ω) = XT (ω)(ω), when-
ever T (ω) < +∞. We define the stopped process XT = {Xt∧T , t ∈ I}
with

XT
t (ω) = Xt∧T (ω)(ω) = Xtχ{t<T } + XTχ{t≥T }.

Note that if X is adapted and cadlag and if T is a stopping time,
then the stopped process XT is also adapted.

Let us mention that the truncated filtration (Ft∧T ) is defined
as

Ft∧T = Ft ∩ FT =

{
Ft, t < T,
FT , t ≥ T.

A martingale stopped at a stopping time is still a martingale. The
natural filtration for the stopped martingale Xt∧T is FXT

= (F X
t∧T ),

with respect to which the process Xt∧T is completely described.
So, we have the definition of causality which involves the stopping
times.

Definition 2. (Petrović & Valjarević (2016)) Let H = {Ht},
G = {Gt} and E = {Et}, t ∈ I, be given filtrations on the proba-
bility space (Ω,F , P) and let T be a stopping time with respect to
filtration E. The filtration GT entirely causes ET within HT rela-
tive to P (and written as ET |< GT ; HT ; P) if ET ⊆ HT , GT ⊆ HT

and if ET is conditionally independent ofHt∧T givenGt∧T for each
t, i.e. (∀t) ET ⊥ Ft∧τ | Gt∧τ, or

(∀t ∈ I)(∀A ∈ ET ) P(A | Ht∧T ) = P(A | Gt∧T ). (3)

The concept of causality given in Definition 2 includes the
stopped filtrations. Namely, the causality relationship is defined up
to a specified stopping time T .

Quasimartingales

The term quasimartingale is for the first time used by Fisk
(1965). It is obvious that the sum and difference of two quasi-
martingales are again quasimartingales. The difference of two pos-
itive local martingales is necessarily a quasimartingale. Let us
mention that there are some similarities between quasimartingales
and supermartingales. Note that every finite set of random vari-
ables with expectations is trivially a quasimartingale. A mean right
continuous quasimartingale always has a cadlag (right continuous
with left limits) modification. Henceforth we will assume, unless
otherwise stated, that all processes considered are cadlag at every
time point.

Definition 3. (Protter, 2004) A finite tuple of points τ =

(t0, t1, . . . , tn+1) such that 0 = t0 < t1 < · · · < tn+1 = ∞ is a
partition of [0,∞].

Definition 4. (Protter, 2004) Suppose that τ is a partition of [0,∞]
and that Xti ∈ L1, each ti ∈ τ. Define

C(X, τ) =

n∑
i=0

|E(Xti − Xti+1 | Fti )|.

The variation of X along τ is defined to be

Varτ(X) = E(C(X, τ)).

The variation of X is defined to be

Var(X) = supτVarτ(X),

where supremum is taken over all such partitions.

Definition 5. (Protter, 2004) An adapted, cadlag process X is a
quasimartingale on [0,∞] if E(|Xt |) < ∞, for each t, and if
Var(X) < ∞.

Next Theorem defines a Doob decomposition of quasi-
martingale.

Theorem 6. (Rao, 1969) A right continuous process Xt is a quasi-
martigale if and only if it has a generalised Doob decomposition

Xt = Yt + Mt − Bt,

where Yt is a martingale, Mt is the difference of two non-negative
local martingales, and Bt is the difference of two natural inte-
grable increasing processes. This decomposition is unique.

The definition of natural integrable increasing process is
given in Rao (1969).

CAUSALITY AND QUASIMARTINGALES

The certain results, not obvious from the definition of a
quasimartingale or the fact that it is the difference of two super-
martingales, follow from the decomposition from Theorem 6. The
starting point in this section is the decomposition

Xt = Mt − Bt (4)

of a quasimartingale Xt into a local martingale Mt and a natural
process with finite expected total variation Bt. This decomposition
is unique.

Let (Gt) be a subfiltration of the filtration (Ft), i.e. (Gt) ⊆
(Ft). The next theorem holds.

Theorem 7. Every quasimartingale Xt with respect to (Gt) is a
quasimartingale with respect to (Ft) if and only if G is its own
cause within F, or equivalently if

G |< G; F; P holds.

Proof. Let the process Xt be a (Gt) and (Ft) quasimartingale. From
its unique decomposition (4) it follows that process Mt is a (Gt)
and (Ft)-local martingale. According to Theorem 3.3 in Valjarević
(2012), the causality G |< G; F; P holds.
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Conversely, let G |< G; F; P holds and let the process Xt be
a (Gt)-quasimartingale. Then, the process Xt has a unique decom-
position Xt = Mt − Bt, where Mt is a (Gt)-local martingale. From
G |< G; F; P and Theorem 3.3 in Valjarević (2012) it follows that
the process Mt is (Ft)-local martingale, too. Also, the process Bt is
a natural process with finite expected total variation with respect
to filtration (Ft), because (Gt) ⊂ (Ft). Hence, the process Xt has a
unique decomposition Xt = Mt − Bt with respect to filtration (Ft),
so it is a (Ft)-quasimartingale.

Let FX be a natural filtration of the quasimartingale Xt. Then
the following theorem holds.

Theorem 8. Process Xt is a (Ft)-quasimartingale if and only if it
is its own cause within (Ft), or equivalently if holds

FX |< FX; F; P.

Proof. Follows directly by Theorem 7 (we set G = FX).

Theorem 9. Let the process X be uniformly integrable quasi-
martingale with respect to G, let T be a (Gt)-stopping time and
G ⊂ F. Then the stopped process XT = Xt∧T is quasimartingale
with respect to FT = {Ft∧T } if and only if GT is its own cause
within FT , i.e. if

GT |< GT ; FT ; P holds.

Proof. Let the process X be uniformly integrable quasimartingale
with respect to G, T be a (Gt)-stopping time and

GT |< GT ; FT ; P. (5)

Due to Lemma I.1.8.12 in Skorohod & Gikhman (2005) we have
that XT is quasimartingale with respect to GT . According to the
relation (5), from assumption of the theorem it follows that XT

is quasimartingale with respect to GT = {Gt∧T }. By Definition 5,
Theorem 6 and assumption on the beginning of the Section it fol-
lows that the process XT can be represented as

XT = MT − BT .

This decomposition is unique. Process MT is martingale with re-
spect to GT . According to Theorem 6 in Petrović & Valjarević
(2016), from (5) it follows that the process MT is martingale with
respect to FT , too. Using the same technique as in the previous
proof, we get that BT is a process of bounded variation with re-
spect to GT and FT , too (GT ⊂ FT ). So, process XT can be pre-
sented as XT = MT − BT with respect to FT , where MT is a local
martingale and BT is a process of bounded variation.

Conversely, suppose that XT is quasimartingale with respect
to GT and FT , where T is a (Gt)-stopping time. Due to decom-
position of the quasimartingale and its uniqueness, follows that
XT = MT − BT is unique decomposition with respect to GT and
FT . So, MT is martingale with respect to filtrations GT and FT .
Due to Theorem 6 in Petrović & Valjarević (2016), it follows that
GT |< GT ; FT ; P holds.
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ABSTRACT 

The main purpose of this paper is to present some fixed point results concerning the generalized Reich type α-

admissible mappings in cone b-metric spaces over Banach algebras. Our results are significant extensions and 
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 INTRODUCTION 

The 

concept of cone metric space was introduced by Huang 

and Zhang (2007). They supplanted the set of real numbers in 

metric space by a complete normed space and proved some fixed 

point results for different contractive conditions in such a space. 

Recently, some scholars (see Du, 2010; Kadelburg et al., 

2011) argued that extensions of fixed point results on metric 

space to cone metric space over complete normed spaces are 

redundand (not new results). In order to overcome this problem, 

Liu and Xu (2013) introduced the notion of a cone metric spaces 

over Banach algebras and proved that cone metric spaces over 

Banach algebras are not equivalent to metric spaces in terms of 

the existence of the fixed points of the generalized Lipschitz 

mappings. Very recently, Huang and Radenović (2016) 

introduced the notion of cone b-metric space over Banach 

algebras as a generalization of cone metric space over Banach 

algebra (see Xu & Radenović, 2014; Huang & Radenović, 

2015b; Huang & Xu, 2013; Huang et al., 2017). On the other 

hand, Samet et al. (2012) introduced the notion of α-admissible 

mappings and proved some fixed point results that generalized 

several known results of metric spaces. Very recently, Malhottra 

et al. (2015; 2017) used the concept of α-admissibility of 

mappings defined on cone metric space over Banach algebras 

and proved Banach and Kannan fixed point results for Lipschitz 

contractions in such spaces. In 2017, Hussaini et al. (2017) used 

the concept of α-admissibility of mappings defined on cone b-

metric spaces over Banach algebras and proved Banach fixed 

point results for Lipschitz contractions in such spaces. The Reich 

contraction was introduced by Reich (1971) as a generalization 

of the well-known Banach contraction principle and Kannan 

contraction. In this work, we use the concept of α-admissibility 

of mappings defined on cone b-metric space over Banach 

algebras and proved Reich type fixed point theorems. We give an 

                                                           
  * Corresponding author: jelena.vujakovic@pr.ac.rs 

example to elucidate our results. Our results generalized the 

recent results of Malhotra et al. (2015; 2017), Hussain et al. 

(2017), Nieto and Rodríguez-López (2005). 

PRELIMINARIES 

It In this section we recall some known definitions and 

results which will be used. 

A real Banach algebra   is a real Banach space in which 

an operation of multiplication is defined in the following way: 

for all , , ,x y z      

1) ( ) ( ),xy z x yz  

2) ( )x y z xy xz    and ( ) ,x y z xz yz    

3) ( ) ( ) ( ),xy x y x y     

4) .xy x y   

A subset   of Banach algebra   is called a cone if: 

1)   is nonempty, closed and  ,e  ; 

2)      , for all nonnegative ,   ; 

3) 2     ; 

4)        , 

where   and e  denote the zero and unit elements of Banach 

algebra  , respectively. For given cone    we define a 

partial ordering   with respect to   on following way: x y  

if and only if y x  . It is well known that x y  stands for 

x y
 
and x y , x y  stands for inty x    where int  

means the interior of  . We say that   is a solid cone if 

int  . 

In further work, we always assume that   is a Banach 

algebra with a unit e ,   is a solid cone in   and   is the 

partial ordering with respect to  .  

Definition 2.1 (Huang & Zhang 2007; Liu & Xu, 2013) Let   

be a nonempty set. Suppose that the mapping :      

satisfies: 
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(C1)  ,x y   for all ,x y  and  ,x y   if and 

only if x y ; 

(C2)    , ,x y y x   for all ,x y ; 

(C3)      , , ,x y x z z y    for all , ,x y z . 

Then ρ is called a cone metric on   and  ,  is called a cone 

metric space with a Banach algebra  . 

Definition 2.2 (Huang & Radenović, 2015a) Let   be a 

nonempty set, 1s   be a constant and   a Banach algebra. 

Suppose that the mapping :      satisfies:  

(C1)  ,x y   for all ,x y  and  ,x y   if and 

only if x y ; 

(C2)    , ,x y y x   for all ,x y ; 

(C3)      , , ,x y s x z z y      for all , ,x y z . 

Then ρ is called a cone b-metric on   and  ,  is called a 

cone b-metric space with a Banach algebra  . 

Note that if 1s  , a cone b-metric becomes a cone metric. 

Definition 2.3 (Malhotra et al., 2015) Let  ,  be a cone b-

metric space over Banach algebra   with coefficient 1s   and 

 iz  be a sequence in  , . Then, 

1)  iz  converges to z  whenever for each c  with 

c   there is a natural number N  such that 

 ,iz z c   for all i N . We denote this by 
iz z  

 i   or lim i
i

z z


 . 

2)  iz  is Cauchy sequence whenever for each c  with 

c   there is a natural number N  such that 

 ,i jz z c   for all ,i j N . 

3)  ,  is said to be complete if every Cauchy sequence 

in   is convergent. 

Definition 2.4 (Malhotra et al., 2015) A mapping :     is 

said to be continuous at z , if for every sequence  iz  in 

 ,  such that 
iz z   i  , we have 

iz z   

 i  . 

Definition 2.5 (Kadelburg & Radenović, 2013) Let   be a solid 

cone in a Banach algebra  . A sequence  iz   is said to be 

a c-sequence if for each c   there exists N   such that  

iz c  for all i N . 

Lemma 2.6 (Huang & Radenović, 2015b) If E  is a real Banach 

space with a solid cone   and  iz   be a sequence with 

0iz    i  , then for each c   there exists N   

such that for any i N  we have 
iz c . 

Lemma 2.7 (Xu & Radenović, 2015) Let  ,  be a complete 

cone b-metric space over Banach algebra   with coefficients 

1s   and   be the underlying solid cone. Let  iz  be a 

sequence in  , . If  iz  converges to z , then: 

1)   ,iz z  is a c -seqauence; 

2) for any j ,   ,i i jz z 
 is a c -sequence. 

Lemma 2.8 (Kadelburg & Radenović, 2013) Let   be a real 

Banach algebra with a solid cone  and let  n  and  n  are 

sequences in  . If  n  and  n  are c-sequences and 

1 2,k k   then  1 2n nk k   is a c -sequence. 

Lemma 2.9 (Rudin, 1991; Huang & Radenović, 2015a) Let   

be a Banach algebra with a unit e  and k . Then 
1

lim n n

n
k


 

exists and the spectral radijus ( )k  satisfies 

 
1 1

lim n nn n

n
k ik nf k


 . 

If ( )k  , then e k   is invertible in  . Moreover, for 

complex constant   are  
1

1
0

j

j
j

k
e k









   and 

 
 

1 1
.e k

k


 


  
  

 

Remark 2.10. (Xu & Radenović, 2015) If ( ) 1k   then 

0ik    i  . 

Lemma 2.11 (Rudin, 1991) Let   be a Banach algebra with a 

unit e  and 
1 2,k k  . If 

1k  commutes with 
2k , then 

     1 2 1 2k k k k      and      1 2 1 2k k k k   . 

Lemma 2.12 (Kadelburg & Radenović, 2013) Let E  is a real 

Banach space with a solid cone  . 

1) If , ,a b c E  and a b c , then a c . 

2) If a  and a c  for each c  , then a  . 

3) If a ka, where ,a k  and ( ) 1k  , then a  . 

MAIN RESULTS 

First we introduce the notion of α-admissible mapping and 

α-regularity in the setting of cone b-metric space over Banach 

algebra  . 

Definition 3.1 Let  ,  be a cone b-metric space over Banach 

algebra   with coefficients 1s  ,   be the underlying solid 

cone, :     and :      be mappings. Then: 

1)   is α-admissible mapping if  , sz y   implies 

 , sz y    , for all ,z y ; 
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2)  ,  is α-regular if for any sequence  iz  in  , , 

with  1,i iz z s    for all i  and 
*iz z   

 i  , follows  *,iz z s  , for all i . 

Now we are able to define generalized Reich type contraction in 

cone b-metric spaces over Banach algebra  . 

Definition 3.2 Let  ,  be a cone b-metric space over Banach 

algebra   with coefficient 1s  , let   be the underlying solid 

cone and :      be a function. The mapping 

:     is called generalized Reich type contraction if there 

exist vectors 
kv   ( 1,2,3)k   such 

     1 2 32 1 2s v s v v      and 

       1 2 3, , , , ,z y v z y v z z v y y                 (1) 

for all ,z y  with  , sz y  . 

Now, we shall show that generalized Reich type α-admissible 

contraction mappings on cone b-metric spaces over Banach 

algebra   has a fixed points. 

Theorem 3.3 Let  ,  be a complete cone b-metric spaces 

over Banach algebra   with coefficient 1s  ,   be the 

underlying solid cone and let :      be a function. 

Suppose the mapping :     is a generalized Reich type 

contraction with vectors 
kv    1,2,3k   such that 

1v  

commutes with 
2 3v v . Suppose that: 

1)   is a α-admissible mapping; 

2) there exists 
0z  in   with  0, z sz   ; 

3)   is continuous or  ,  is α-regular, 

then   has a fixed point 
*z  in  .  

PROOF. Let 
0z be an arbitrary point in   such that 

 0 0,z z s   . Define a sequence  iz  in  ,  by 

1 0

1

i i

iz z z

     for all i .                         (2) 

If 
1i iz z   for some i , then 

* iz z  is a fixed point of   

and the result is proved. Suppose now that 
1i iz z   for all 

i . Since   is α-admissible mapping, we have 

   0 1 0 0, ,z z z sz    . 

Hence, 

   2

0 0 1 2, ,z z z sz     

and by induction we get 

 1,i iz z s   , for all i .                        (3) 

Now, according to (1), (2) and (3), we have 

   

     

     

1 1

1 1 2 1 1 3

1 2 1 3 1

, ,

, , ,

, , , i.e.

i i i i

i i i i i i

i i i i

z z z z

v z z v z z v z z

v v z z v z z

 

  

 

 

  

 



 

  



 

   

       3 1 1 2 1  , , .i i i ie v z z v v z z                       (4) 

Similarly, 

   

     

     

1 1

1 1 2 3 1 1

1 3 1 2 1

, ,

, , ,

, , , i.e.

i i i i

i i i i i i

i i i i

z z z z

v z z v z z v z z

v v z z v z z

 

  

 

 

  

 



 

  



 

   

       2 1 1 3 1, , .i i i ie v z z v v z z                     (5) 

Adding up (4) and (5), we have 

       2 3 1 1 2 3 1  , 2    , ,i i i ie v v z z v v v z z       i.e. 

       1 1 1  , 2 , ,i i i ie v z z v v z z                     (6) 

where 
2 3v v v  . 

Note that,            12 1 2 1 2,v s v v s v          i.e. 

( ) 1 2v   . From Lemma 2.9 we conclude that 2e v  is 

invertible. Moreover,   1

1
0

2    
2

k

k
k

v
e v







   and 

 
 

1 1
2 .

2
e v

v




  
  

 

Hence, from (6), we have get 

         1

1 1 1 1, 2   2 , , ,i i i i i iz z e v v v z z z z  

          (7) 

where    1

12   2e v v v    . 

Since 
1v  commutes with 

2 3v v v  , it follows that 

     

    

1

1 11
0

1 1 1
0 0

1

1 11
0

2   2   2
2

2      
2 2

.2   2 2  
2

k

k
k

k k

k k
k k

k

k
k

v
e v v v v v

v v
v v

v
v v v v e v







 

 
 







 
    

 

   
    

   

 
     

 



 



 

Thus,   12  e v   commutes with  12v v . Then by Lemma 2.9 

and Lemma 2.11, we have that 

         

 
   

1 1

1 1

1

2 2 2 2

1 1
2 .

2

e v v v e v v v

v v
v s

    

 


         
   

    

 

Since  
1

s
   , by Lemma 2.9 and Lemma 2.11, it follows that 

e s  is invertible. Moreover,  

   1

0

   
k

k

e s s 






   and  
 

1 1

2
e s

s
 

 

  
  

. 
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Since  
1

1
s

    , by Remark 2.10, we have that 

 0  .i i                                            (9) 

From (7), we get 

   

 

1 1

2

2 1

, ,

,

i i i i

i i

z z z z

z z

 

 

 

 





  

   1 0 1, ,i

i iz z z z                                 (10) 

for all i . Hence, for ,i j  with i j , using (8) and (10), 

we obtain 

     

     

     

   

     

 

1 1

2

1 1 2 1

2 3

1 1 2 1 2

1 1

2 1 1

2 1 3 2

0 1 0 1 0 1

1 2 1

0 1

, , ,

, , ,

, , ,

, ,

, , ,

,

i j i i i j

i i i i i j

i i i i i i

j i j i

j j j j

i i i

j i j j i j

z z s z z z z

s z z s z z z z

s z z s z z s z z

s z z s z z

s z z s z z s z z

s z z s

  

  

  

 

     

  

 

   

    

   

  

 

    

 
 

  
 

 

 

 

 











 

        

       

1

0 1

2 2 1

0 1

1

0 1 0 1

0

,

,

  , , .

j i j ii

ki i

k

z z

s e s s s s z z

s s z z s e s z z



     

     



   






   

 
  

 






 

Obviously, from (9) it follows that 

     
1

0 1, 0  is e s z z i  


    

and by Lemma 2.6 there exists N   such that for any c , 

with c   is 

     
1

0 1, ,i

i jz z s e s z z c   


  , 

for all j i N  .  

This implies that  iz  is Cauchy sequence. Since  ,  is 

complete, there exists 
*z   such that *iz z   i  . 

Supposse that   is continuous. It follows that  

1 *ii zz z      i  . By uniqueness of the limit of 

sequence in  , , we have that * *z z . Thus 
*z  in   is a 

fixed point of  . 

On the other hand, if  ,  is α-regular, by using (3), we have 

 *,iz z s  , for all  i .                   (11) 

Now we show that *z  is a fixed point of  , i.e. * *z z . From 

(1) and (11), we obtain 

     

       

   

     

         

* * * *

* 1 * 2 3 * *

* 1 1 *

2

2 * * 1 3 * *

2 1 * 1 2 * 3 * *

, , ,

, , , ,

, ,

, , ,

, , , , i .e.

i i

i i i i

i i

i i

i i

z z s z z z z

s z z s v z z v z z v z z

s z z sv z z

s v z z z z sv z z

s e sv z z s v sv z z sv z z

  

   

 

  

  







  

    



    

    







   

  





   3 * *,e sv z z  . 

        2 1 * 1 2 *, , .i is e sv z z s v sv z z             (12) 

Similarly, 

     

       

   

     

         

* * * *

1 * 2 * * 3 *

1 * 2 * *

2

3 * * 1 1 *

2 * * 3 1 * 1 3 *

, , ,

, , , ,

, ,

, , ,

, , , , i .e.

i i

i i i i

i

i i i

i i

z z s z z z z

s v z z v z z v z z z z

sv z z sv z z

s v z z z z s z z

sv z z s e sv z z s v sv z z

  

   

 

  

  

 



  

    

 

    

    







   

   





   2 * *,e sv z z   

       3 1 * 1 3 *, ,i is e sv z z s v sv z z    .          (13)  

Hence, by combining (12) and (13), we obtain 

       

   

2 3 * * 2 3 1 *

1 2 3 *

2 , 2 ,

2 , , i.e.

i

i

e sv sv z z s e sv sv z z

s v sv sv z z

 



    

  


 

   * *2 ,e sv z z   

       1 * 1 *2 , 2 , .i is e sv z z s v sv z z             (14) 

Note, that 

             11 2 1 2sv s v s v s v s v           . 

Since by Lemma 2.9, 2e sv  is invertible, it follows from (14) 

that 

 

         

* *

1 2 2

1 * 1 *

,

2 2 , 2 , .i i

z z

e sv se s v z z sv s v z z



 


   










 

Therefore, by Lemma 2.7 and Lemma 2.8,   *,iz z , 

  1 *,iz z   and     1 1 * 2 *, ,i iz z z z      are c-sequences 

(we mark 
1  and 

2  respectively by    
1 22 2e sv se s v


  , 

   
1 2

12 2e sv sv s v


  ). 

Hence, for any c  with c  , there exists N   such that 

     * * 1 1 * 2 *, , ,i iz z z z z z c       . 

This implies, based on Lemma 2.12, that  * *,z z  . 

Therefore, * *z z . This completes the proof.   

Next example illustrates the above result. 
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Example 3.4. Consider the algebra  1 0,1C   with the norm 

'z z z
 

  . 

Define on   a multiplication in the usual way. Then,   is a 

Banach algebra with unite 1e  . If  

    : 0, 0,1z z x x     , 

then   is a solid cone which is not normal. 

Suppose that  0,1  and define a mapping :      by 

  
2

, xz y x z y e   , for all ,z y . 

Then  ,  is a complete cone b-metric space over Banach 

algebra  . Let :     and :      be defined as 

follows: 

 
5

, if    0,1 ;
3

1, if      1,

z z
z

z z




 
  

   and  
   ,  if    , 0,1 ;

,
,  elsewhere.  

s z y
z y



 
 


. 

Then, the mapping   is α-admissible. In fact, let ,z y  such 

that  ,z y s  . By definition of the mapping α, it implies that 

 , 0,1z y . Therefore,  

 
5 5

, ,
3 3

z y z y s 
 

   
 

  . 

Also, there exists 
0z  in   such that  0 0,z z s  . Indeed, for 

0 1z  , we have 

   0 0

5
, 1, 1 1,

3
z z e  

 
    

 
  . 

Since  0,1  is complete, then  ,  is α-regular. Indeed, let 

 iz  be a sequence in   such that  1,i iz z s    for all i  

and let  iz z i   . Then    0,1iz   and 2  iz z z   

 i  . Therefore,  iz z   i   in  , . This implies 

that  0,1z  and that  ,iz z s  , for all i . Furthemore, 

by choosing 
1

1 1

9 9
v x  , 

2

1 1

18 18
v x   and 3

1 1

24 24
v x   in 

 , simple calculations show that all the conditions of Theorem 

3.3 are satisfied so there exists a fixed point z   of the 

mapping  .    

Now we state a theorem in which we shall establish the 

uniqueness of fixed point of a generalized Reich type contraction 

as follows: 

Theorem 3.5. Let  ,  be a complete cone b-metric spaces 

over Banach algebra   with coefficient 1s  ,   be the 

underlying solid cone and :      be a function. Suppose 

the mapping :     is a generalized Reich type contraction 

with vectors  1,2,3kv k   such that 
1v  commutes with 

2 3v v . Suppose that: 

1)   is  -admissible mapping; 

2) there exists 
0z  in   such that  0 0,z z s  ; 

3) either   is continuous or  ,  is α-regular; 

4) for any  ,z y Fix  , there exists x  such that 

 ,z x s   and  , sy x  , where  Fix   denotes the 

set of all fixed points of  , 

then   has a unique fixed point 
*z  in  .  

PROOF. Following the same arguments to those in the proof of 

Theorem 3.3, we obtain the existence of fixed point. 

To show that fixed point is unique, we take  * *,z y Fix   

such that 
* *z y . Hence, by hypothesis 4), there exists x  

such that 

 *,z x s    and  *, sy x  .                    (15)  

Since   is α-admissible mapping and  * *,z y Fix  , from 

(15) we obtain 

 *, iz x s   and  * , i sy x  , for all i .       (16) 

Now, from (1) and (16), we get 

    

      

     

* *

1 1 1

1 * 2 * * 3

1 1

1 * 3 * *

, ,

, , ,

, , , i.e.,

i i

i i i

i i i

z x z x

v z x v z z v x x

v z x sv x z z x

 

  

  

  

 



 

  
 





   

    

  

 

       1

3 * 1 3 *, ,i ie sv z x v sv z x     .             (17) 

Similarly, 

    

      

     

* *

1 1 1

1 * 3 * * 2

1 1

1 * 2 * *

, ,

, , ,

,, , , i.e.

i i

i i i

i i i

x z x z

v x z v z z v x x

v x z sv x z z x

 

  

  

  

 



 

 


 






   

    

  

 

       1

2 * 1 2 *, ,i ie sv x z v sv x z     .             (18) 

Adding up (17) and (18), we have 

       1

2 3 * * 1 2 3 *2 , 2 ,i ie sv sv z z v sv sv z x        

       

       

1

* 1 *

1 1

* 1 *

2 , 2 ,

, 2 2 , , i.e.

i i

i i

e sv z x v sv z x

z x e sv v sv z x

 

 



 

 

 





 

 
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   1

* *, ,i iz x z x    ,                       (19) 

where    
1

12 2e sv v sv


   . Hence, 

   

 

1

* *

2 2

*

, ,

,

i i

i

z x z x

z x

 

 











 

  

                   * *, ,i iz x z x   , for all i . 

Since   1   , by Remark 2.10, it follows that 

 0 i i    and so 

     * *, , 0  i iz x z x i      . 

Therefore, based on Lemma 2.6, we conclude that for any c  

with c  , there exists N   such that 

    * *, ,i iz x z x c    for all i . 

Hence,  *  i x z i  . Similarly, we get that 
*  i x y  

 i  . 

Then, by uniquieness of the limit, we have 
* *z y . The theorem 

is thus proved.   

The next theorem is an ordered version of generalized 

Riech type contraction on cone b-metric space with Banach 

algebra. 

Theorem 3.6. Let  ,  be a partially ordered set, let ( , )  

be a complete cone b-metric spaces over Banach algebra   

with coefficient 1s   and   be the underlying solid cone. Let 

:     be continuous non-decreasing mapping with respect 

to  . Assume that the following conditions are valid: 

1) there exists vectors 
kv   ( 1,2,3)k   such 

     1 2 32 1 2s v s v v       and 

       1 2 2, , , ,z y v z y v z z v y y        , 

for all ,z y  with z y ; 

2) there exists 
0z   such that 

0 0z z , 

then   has a unique fixed point 
*z  in  . 

PROOF. Let :j      be function defined by 

 
,         if      ;

,     
,         elsewhere.

j

s z y
z y




 



 

Note that condition 1) implies that the mapping   is a 

generalized Reich contraction. Since   is non-decreasing 

mapping it follows that it is also j -admissible mapping. The 

condition 2) implies that there exists 0z   such that  

 0 0,j z z s  . Therefore, since   is continuous, all the 

conditions of Theorem 3.3 are satisfied, we conclude that the 

mapping   has a fixed point in  . This completes the proof.  

  

Now we deduce many existing results in the mention 

literature for metric, cone metric and cone b-matric spaces, as 

follows: 

Let :      be the function defined by  , 1x y  , for 

all ,z y .Then 

 Theorems 3.1, 3.2 and 3.4 in Hussain at al. (2017) are 

special cases of our Theorems 3.3 and 3.5, respectively, 

with 
2 3v v   . 

 Theorems 3.1, 3.2 and 3.5 in Malhotra et al. (2015) are 

special cases of our Theorems 3.3 and 3.5, respectively, 

with 
1 1v  , 

2 3v v   . 

 Theorems 3.1, 3.2 and 3.3 in Malhotra et al. (2017) are 

special cases of our Theorems 3.3 and 3.5, respectively, 

with 1s  , 
1v  , 

2 3v v . 

Let :      be function defined by  , 1x y   for all 

,z y . Then, 

 Theorems 3.1 and 3.2 in Xu and Radenović (2015) are 

special case of our Theorem 3.5, with 1s  , 2 3v v    

and 
1v  , 

2 3v v , respectively. 

 Theorems 2.1 and 2.2 in Liu and Xu (2013) are special 

cases of our Theorem 3.5 with normal cone  , with 

1s  , 
2 3v v    and 

1v  , 
2 3v v , respectively. 

 Theorems 1 and 2 in Riech (1971) are special case of our 

Theorem 3.5 with a metric space ( , )  where 

 1 1v v   for all 
1v  . 

Let the function :j      be define by  , 1j z y   for 

all ,z y . 

 Theorems 2.1 and 2.2 in Nieto and Rodríguez-López 

(2005) are special cases of our Theorems 3.6 with a 

metric space ( , ) , where  1 1v v   for 
1v  , 1s   

and 
2 3v v   . 

CONCLUSION 

In this paper we introduced the notion of generalized Riech 

type α-admissible mappings on cone metric space over Banach 

algebra and we prove three fixed point theorems for those 

contractions. We notice that our results are actual generalization 

of the recent results of Liu and Xu (2013), Xu and Radenović 

(2015), Malhotra et al. (2015), Hussain et al. (2017), Riech 

(1971), Nieto and Rodríguez-López (2005) and many known 

results in the literature. 
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ABSTRACT

In this paper, the analysis of Shannon capacity for selection combining (SC) and maximal ratio combining (MRC)
diversity systems in the generalized α − κ − µ fading channel is presented. Closed-form expressions for probability
density function (PDF) at the output of SC and MRC diversity systems are given. Also, closed-form expressions for
Shannon capacity for cases of SC diversity with independent and identically distributed branches, MRC diversity
with independent and identically distributed branches and for case of no diversity are derived. The obtained results
are numerically calculated and graphically presented for different combinations of fading parameters α, κ and µ.

Keywords: α − κ − µ distribution, Selection Combiner (SC), Maximal Ratio Combiner (MRC), Shannon capacity,
Diversity system.

INTRODUCTION

During transmission, the signal transmitted between the
transmitter and the receiver is exposed to various effects. These
effects such as shadowing and multipath, adversely affect the sig-
nal being transmitted and diminish the performance of the sys-
tem (Simon & Alouini, 2005a). There are several ways to reduce
the impact of the presented effects on system performance. One
of the most commonly used ways to reduce the impact of mul-
tipath fading is to use the diversity concept such as space diver-
sity (Freeman, 2005). This diversity concept effectively reduce the
impact of multipath fading and increase the performance of the
system by using multiple transmit or receiver antennas (Stüber,
2002). These antennas are spaced sufficiently far apart so as to
obtain signals that fade independently (Ibnkahla, 2005). Diversity
combining techniques that are often used are selection combining
technique (SC), equal gain combining technique (EGC), maximal
ratio combining technique (MRC).

Performance analysis over different channel fading model
are considered in many paper. Probability density function (PDF)
and cumulative distribution function (CDF) over Rayleigh fading
channel for EGC diversity system are given in (Talha et al., 2010).
Bit error rate under α − µ, κ − µ and η − µ fading channel for
SC diversity system is presented in (Mitrović et al., 2009; Sub-
adar et al., 2010). Also, bit error rate under κ − µ and η − µ fading
channel for MRC diversity system is presented in (Dixit & Sahu,
2012). System performances such as probability output (Pout) and
symbol error rate (SER) over Weibull and α − µ fading channel
for SC diversity are shown in (Katiyar, 2015; Sagias et al., 2003).
Same system performances in α − µ, κ − µ and η − µ fading chan-
nel for MRC diversity are given in (Aldalgamouni et al., 2013;
Subadar et al., 2012; Milišić et al., 2009). Shannon capacity over

κ and Gamma fading channel for MRC and SC diversity systems
is analyzed in (Yilmaz, 2012; Subadar & Das, 2017). Diversity
techniques are not the only method to reduce the impact of fad-
ing and improve the characteristics of the system. A widely used
technique is the technique of adaptive transmission. By combining
adaptive transmission techniques and diversity techniques, better
performance of the system is achieved. Analysis of the capaci-
ties of such systems by using adaptive transmission algorithms
and diversity techniques over α − µ, κ − µ, Nakagami-m, Weibull
and Rayleigh fading channels are investigated in (Mohamed et al.,
2013; Subadar & Sahu, 2010; Panić et al., 2013; Subadar et al.,
2010; Bessate & El, 2017; Simon & Alouini, 2005b).

In this paper, we investigate Shannon capacity over general-
ized α − κ − µ fading channel. We consider cases for the proposed
fading model when the system does not have a diversity, but also
when the system has SC diversity and MRC diversity. Closed-form
expressions of PDF and Shannon capacity for these systems will
be presented.

SYSTEM AND CHANNEL MODEL

No diversity

In this case, the system we are discussing consists of a trans-
mitter and receiver without a diversity combiner. Also, transmis-
sion through the slowly changing α − κ − µ fading channel is con-
sidered. For this system, probability density function for received
signal-to-noise ratio is given in (Huang & Yuan, 2018) as:
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1+µ
2 g

α(µ+1)
4 −1

2κ
µ−1

2 eκµg̃
α(µ+1)

4

× e
−µ(1+κ) g

α
2

g̃
α
2 Iµ−1

2µ
√
κ (1 + κ)

g
α
2

g̃
α
2

 (1)

where parameter α represents nonlinearity of propagation environ-
ment, parameter κ is Rice factor, parameter µ represents number
of clusters in propagation environment, g̃ represents average SNR
and Iv (·) denotes modified Bessel function (Huang & Yuan, 2018).

By transforming Bessel function using equation (8.445)
from (Gradshteyn & Ryzhik, 2000) and replacing in equation (1)
we obtain:
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(2)

SC diversity with L branches

In this case, we consider a SC diversity receiver with L
branches, operating over α − κ − µ fading channel. All branches
are identically and independently distributed. Selective combining
(SC) is combining technique where the strongest signal is chosen
among L branches of diversity system. PDF of the SNR at the out-
put of the SC receiver with L branches can be calculated by using
expression (4) from (Mitrović et al., 2009):

f S C
g (g) = L fg (g)

(
Fg (g)

)L−1
(3)

where Fg (g) represents a cumulative distribution function and
fg (g) represent a probability density function for α − κ − µ fad-
ing given in equation (2). Cumulative distribution function can be
calculated as:

Fg (g) =

g∫
0

fg (g) dg (4)

Substituting equation (2) in equation (4) and applying equa-
tion (3.381/1) from (Gradshteyn & Ryzhik, 2000), cumulative dis-
tribution function becomes:
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where γ (n, x) represents lower incomplete Gamma function de-
fined as (8.350/1) from (Gradshteyn & Ryzhik, 2000). Transform-
ing lower incomplete Gamma function from equation (5) by using
relation γ (n, x) =

∑∞
p=0

xn+pΓ(n)e−x

Γ(n+p+1) and replacing in equation (5),

after some mathematical manipulation, we obtain cumulative dis-
tribution function for α − κ − µ fading model:
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Substituting equations (2) and (6) in equation (3) we obtain ex-
pression for probability density function of the SNR at the output
of the SC receiver with L branches:
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MRC diversity with L branches

In this case, we consider a MRC diversity receiver with L
branches, operating over α−κ−µ fading channel. All branches are
identically and independently distributed. Maximal Ratio Combin-
ing (MRC) is combining technique where received signals from
all diversity branches are co-phased, proportionally weighted, and
combined to maximize the output SNR (Subadar et al., 2010). PDF
of the SNR at the output of the MRC receiver with L branches
can be calculated by using relation (12) from (Milišić et al., 2009)
where is αMRC = α; κMRC = κ; µMRC = Lµ; g̃MRC = Lg̃. Applying
this relation in equation (2), PDF of the SNR at the output of the
MRC receiver with L branches becomes:
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SHANNON CAPACITY ANALYSIS

Channel capacity is one of the most important performance
measures of the system. The Shannon capacity of a channel defines
its theoretical upper bound for the maximum rate of data transmis-
sion at an arbitrarily small bit error probability, without any delay
or complexity constraints (Ibnkahla, 2005). It can be expressed as:

C = B

∞∫
0

log2 (1 + g) fg (g) dg (11)
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where C represents Shannon capacity given in bits/s, B denotes
denotes transmission bandwidth given in Hz and fg (g) repre-
sent probability density function. Using relation log2 (1 + g) =

ln (1 + g) / ln (2), expression (11) can be rewritten as:

C
B

=
1

ln (2)

∞∫
0

ln (1 + g) fg (g) dg (12)

Shannon capacity - no diversity

Shannon capacity for system without diversity over α−κ−µ fading
channel can be calculated by replacing equation (2) in equation
(12). After replacing equation (2) in equation (12) and after some
mathematical manipulation, we obtain:
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By using equations (8.4.6/5) where is ln (1 + x) =
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from (Prud-

nikov & Brychkov, 2003), equation (13) becomes:
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where Gm,n
p,q

(
x
∣∣∣∣∣a1...an, an+1...ap

b1...bm, bm+1...bq

)
represents MeijerG function. In-

tegral from equation (15) can be solved by using equation
(2.24.1/1) from (Prudnikov & Brychkov, 2003). Applying this
equation, Shannon capacity for system without diversity is:
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Equation (16) represent closed-form expression of Shannon
capacity for system without diversity over α−κ−µ fading channel.
This expression is valid only for integer values of fading param-
eter α. Also, this expression is general, and Shannon capacity for
system without diversity over other fading models such as α − µ,
κ−µ, Nakagami - m and Rayleigh models can be obatined from it.

Shannon capacity - SC diversity with L branches

Shannon capacity at the output of SC diversity receiver with
L branches can be calculated by replacing equation (7) in equa-
tion (12). Substituting equation (7) in equation (12), applying re-
lation for transforming logarithm and exponential functions over
MeijerG function what is explained in previous section and using
equation (2.24.1/1) from (Prudnikov & Brychkov, 2003) we obtain
Shannon capacity:
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Shannon capacity - MRC diversity with L branches

Shannon capacity at the output of SC diversity receiver with
L branches can be calculated by replacing equation (10) in equa-
tion (12). Substituting equation (10) in equation (12), applying re-
lation for transforming logarithm and exponential functions over
MeijerG function what is explained in previous section and using
equation (2.24.1/1) from (Prudnikov & Brychkov, 2003) we obtain
Shannon capacity:
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NUMERICAL RESULTS

In this section, the analytically obtained results will be nu-
merically calculated and graphically presented.

Figure 1 depicts Shannon capacity over α − κ − µ fading
channel for system without diversity. The results are shown for
different combinations of parameters κ and µ while the value of
the fading parameter α is fixed. From Figure 1 it can be seen that
increasing the value of these parameters increases the capacity of
the channel. Also, from the Figure 1 it can be seen that parameter
µ more influence on the channel capacity than parameter κ.

Figure 1. Influence of fading parameters κ and µ on channel ca-
pacity.

Figure 2 depicts Shannon capacity over α − κ − µ fading
channel and other fading models obtained from it for system with-
out diversity. Results of channel capacity are shown for α − κ − µ,
α− µ, κ− µ, Nakagami-m and Rayleigh fading models. Figure 2 is
obtained by using values from Table 1 and by using equation (16).
Also, Table 1 represents a generality of α − κ − µ fading model.

Figure 3 depicts Shannon capacity over α−κ−µ fading chan-
nel for SC diversity receiver with L branches. Results are shown
for values given in Table 1 and by using equation (19). The Fig-
ure 3 shows that the higher capacity is obtained for SC diversity
receiver. Also, by increasing the number of the branches, channel
capacity is increased.

Figure 4 depicts Shannon capacity over α−κ−µ fading chan-
nel for MRC diversity receiver with L branches. Results are shown
for values given in Table 1 and by using equation (24). The Fig-
ure 4 shows that the higher capacity is obtained for MRC diversity
receiver. Also, by increasing the number of the branches, channel
capacity is increased.

Figure 2. Shannon capacity for α − κ − µ and other fading models
obtained from it.

Figure 3. Shannon capacity for SC diversity system with L
branches.

Table 1. Generality of α − κ − µ fading model

Other fading models obtained from α − κ − µ fading model
α − κ − µ α − µ κ − µ Nakagami-m Rayleigh

α 1 1 2 2 2
κ 1.5 κ → 0 1.5 κ → 0 κ → 0
µ 1.5 1.5 1.5 1.5 1

Figure 5 shows the difference in the achieved capacity when
we use the system without diversity, SC diversity with L branches
and MRC diversity with L branches. The comparison was made
in relation to the number of branches that use diversity systems.
Thus, it can be seen from the Figure 5 that the maximum capac-
ity is reached when the number of branches is L = 3. When we
perform the comparison for the same number of branches but dif-
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ferent diversity systems, we see that the MRC diversity system
gives a better capacity than the SC diversity system. When we ob-
serve a system for L = 2 branches, we see that it gives a smaller
capacity in relation to a system with L = 3 branches, but, more
capacity than a system that does not have diversity. For L = 2
branches, MRC diversity gives better capacity than SC diversity.
Results shown in Figure 5 are obtained from equations (16), (19)
and (24) and parameter values given in Table 1.

Figure 4. Shannon capacity for MRC diversity system with L
branches.

Figure 5. Comparison of Shannon capacity for SC and MRC di-
versity systems with L branches.

With the increase in SNR, capacity of the channel is also
increased. In this paper, Shennon capacity for lower SNR values
on the receiver (from 0− 10dB) in order to represent the influence
of parameters and used diversity techniques on channel capacity is
considered.

CONCLUSION

In this paper, Shannon capacity analysis for α− κ− µ fading
channel by using different system models is presented. Closed-
form expression for probability density function and Shannon ca-
pacity of system without diversity, SC diversity system with L
branches and MRC diversity system with L branches are given.

Numerical results obtained from analytical closed-form ex-
pression are calculated and graphically presented for different
combination of fading parameters and different system models. At
the end, comparison of proposed system models are made.

The higher channel capacity are achieved by using MRC di-
versity system with L branches. The least channel capacity are
achieved for system without diversity. Although it provides less
capacity compared to the MRC diversity, SC diversity is often used
in practice realization for simpler implementation. Also, diversity
systems with more than L = 3 branches are not implemented in
the practical applications because of complexity. Complexity is
reflected in increasing the computational complexity of receiving
and transmitting algorithms, as well as the power required to pro-
cess the signals. A larger number of antennas will also affect the
price of the receiver.
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ABSTRACT 

Modern way of living and functioning of human society requires a new principle of decision making and adjusting 

to contemporary living needs. In times when humans have perfected the contemporary living needs with their 

technological achievements yet another disadvantage among those needs has appeared. Studying possibilities and 

adjusting to educational requirements have hardly made any progress in years. Traditional learning methods are 

implemented by means of book, pencil and paper, as was the case thousands of years ago, supporting functioning 

of human society. This paper, based on researches founded on implementation of educational software and 

researches founded on postulates of implementation of frontal education and summarizing related specialized 

literature from this area, will set forth possibilities for implementation of information and communications 

technologies (ICT) and educational software in teaching. The results of this research indicate that the students 

who were using electronic methods of learning in combination with traditional learning had become more 

motivated, skilled and interested in a new way of thinking that activates all senses in order to form their 

intellectual personality. 

Keywords: Teaching, Education, Electronic learning.

INTRODUCTION 

Today,

 one of the most challenging tasks is the 

improvement of methods of traditional learning. A need to 

improve these methods originates from this fact that traditional 

learning represents an improper bond between knowing and 

recognizing for both the individual and the society. The majority 

of modern society frowns upon learning for personal gains. On 

those bases, an idea to improve traditional learning methods 

occurred, in order to develop a literate and technologically 

functional society with the use of modern technologies (Denić & 

Petković, 2018). Distance learning represents an educational 

process with no limitations, obstacles and interferences, and as 

such, it is available to everyone and at all times, by means of 

modern technologies and mass media with the aim of supporting 

the process of education and gaining new knowledge, and offers 

a two-way possibility for communication as a social and 

interactive tool, which is one of the most important reasons for 

improving the traditional methods of education. Distance 

education has been extensively researched in (Moor et al., 2011; 

Anderson, 2008; Moore & Kearsley, 2005; Keegan, 2005; 

Simonson, 2001; Simonson & Schlosser, 2004; Keegan, 1996).  

As agreed by most authors, the description and scope of learning 

has been regenerated and improved over the years (Chawinga & 

Zozie, 2016), so we can state with certainty that the modern 

learning method is founded upon understanding the fact that 

students and teachers need not be present in the same premises 

but their interaction can be established from a distance with the 
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assistance offered by ICT (Denić et al., 2017b; Chawinga & 

Zozie, 2016; Moore & Kearsley, 2004). However, the most 

widely accepted definition of electronic learning, on which this 

paper is founded upon, describes the electronic lesson as an 

interactive possibility for transfer of teacher’s knowledge so that 

he can, based on his personal devotion and syllabus’ design, 

provide prompt, anticipated and motivated effort for adoption of 

the aforementioned knowledge (Moor et al., 2011). E-learning 

continuum is presented in Figure 1. 

 

Figure 1. E-learning continuum. 

QUALITY IN TEACHING BASED ON ICT 

 High quality ICS (Information Communication System) is 

comprised of institutions that commonly belong to another 

subsystem (educational institution, Ministry of Education, state), 

and connectivity channels that provide an unobstructed flow of 

information within the system (exchange of data, mail on 

teacher-student relation, notices) and communicators that 

proficiently and regularly update the materials within the system 

(teachers)  (Hassanzadeh et al., 2012). Education based on ICT is 

for the most part more meaningful, interesting and of higher 

67



MATHEMATICS, COMPUTER SCIENCE AND MECHANICS 

quality (Denić et al., 2014). Each student can practically and 

actively take part in lecturing and in this manner achieve 

required level of recognition by teachers. The quality of design 

directly affects the quality of lecturing and is one of the most 

important factors for high quality educational content. The 

content comprises entire material included in educational 

process, as well as additional materials designed by students and 

teachers together and by doing so, enrich the educational content. 

These entities and their interaction can be illustrated in a didactic 

triangle (Figure 2). 

 

Figure 2. Didactic triangle. 

Elementary and high school education, besides aiming at 

gaining of knowledge, is founded upon developing of students’ 

intellectual capabilities, individual decision making as well as 

developing their abilities for additional improvements (Denić et 

al., 2014). In academic education and post-academic studies, e-

learning provides immeasurable contributions to all spheres of 

education and directly affects improvement of quality of teaching 

and quality of education. Professors, lecturers and teachers 

contribute significantly to quality of education with their 

extracurricular activities and directly affect the society’s general 

education. High quality extracurricular content contains good 

graphic quality and understandable multimedia content (text, 

sound, image, video, animation). Extracurricular content must be 

connected and adjusted with the content of the educational 

institution. ICT unify concepts of education and technologies 

into one. However, the concept of electronic learning is 

repeatedly misunderstood. Electronic learning has the goal to 

improve the meaningfulness of education, add up missed 

knowledge and enable enhancing of the traditional knowledge 

with practical part of education, but not to take over the leading 

role in education. In a narrower sense, electronic learning is more 

comprising, practical and broader than traditional method of 

learning, but electronic learning without traditional method of 

learning (required explanation and interpretation by teachers) 

almost has no major advantage in science. In many occasions we 

have witnessed that pupils of elementary and high schools that 

posses high quality and comprising ICS manage to achieve 

remarkable success at national and international level 

competitions and knowledge Olympics. In comparison, the 

difference in educational content is minor. Teachers who pass the 

knowledge stick to the same or similar teaching educational 

system. Pupils of same age often have similar intellectual 

capabilities. The advantage of success is in additional material 

that can easily be transferred in a high quality ICS (Denić et al., 

2017a). Therefore, once solved task is being kept and updated in 

electronic classroom, where every next generation of students 

has the opportunity to enhance this solved task and use it as an 

example in practice, and each reprocessed task is preserved and 

with the teacher’s meticulousness gets re-updated in the 

database, leaving high quality content for new success in the 

related area for generations to come. E-learning surroundings is 

comprised of a Learning Management System (LMS), a Content 

Management System (CMS) and a Knowledge Management 

System (KMS) and some of the tools for content authorization  

(Gavrilović et al., 2018; Babu, 2005; Moore et al., 2011; Wilen-

Daugenti, 2009). E-learning surrounding is an informational 

system (IS) based on World Wide Web (Lee & Lee, 2008). 

RESEARCH DESCRIPTION 

Improving of living needs for both individual human beings 

and society in general is one of the hot topics in modern times. 

21
st
 Centuries advanced achievements have made impact on 

improvement of all aspects of life. Modern medicine, industry, 

economy, technology, in one word everything that surrounds us 

is related to information technologies and computers. ICT with 

the use of computer systems and IT equipment have improved all 

needs of human society. Whether it concerns military equipment, 

medical lasers, industrial machines, means of transport, satellites 

(everything that surrounds us) is controlled by a computer today. 

Computers have used their endless possibilities to a limited 

extent in education. Improvement of modern education as well as 

creating an interactive educational content represents an endless 

treasury for education of modern people. Today, there is a large 

number of elementary and high schools in our surroundings, that 

still base their lectures on traditional methods of education. Also, 

there is not a single student who has not met with or has not used 

a modern computer. IT generation of people is represented by 

people who have been in contact with computers from the day 

they were born. Computers are both the need and the object of 

interest by people. 

Testing is a possibility to check the students’ knowledge on 

all levels. It is conducted with the use of previously designed 

questions in written or electronic form. Testing represents a way 

to assess the students’ abilities and knowledge.  The use of 

modern technologies also resulted in a possibility to learn 

through testing. Testing with the use of computers presents an 

educational experience and a better educational possibility. The 

possibility to learn on students’ mistakes brings additional 

stimulus and will for further improvement. Electronic testing has 

the greatest social contribution in modern psychology. Electronic 

testing represents a method of modern assessment of human 

abilities. By means of electronic testing and learning, the wrong 
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answer no longer represents an obstacle for decision making, but 

instead it encourages the user to learn from own mistakes. The 

wrong answers will provide the user with the dual experience in 

education. He will learn what the correct answer to a question is 

but also what the wrong answer to a question is. The related 

researches have shown that humans are capable of remembering 

20% of information he/she had heard, 40% of information he/she 

had both seen and heard, and 75% of information he/she had 

seen, heard and actively implemented in practice. 

For the needs of this paper, the pupils of 5
th

, 6
th

, 7
th

 and 8
th
 

grade of an elementary school in Kosovo and Metohija have 

been tested. The questions were designed with the goal to 

improve intellectual and sensory capability of pupils. Intellectual 

capabilities are: analysis, synthesis, abstract opinion, ability to 

reach a conclusion, dealing with terminology, use of symbols 

and terms, recognizing similarities as well as prompt thinking 

etc. Sensory abilities include hearing, seeing, rapid response and 

replying etc. The questions are grouped into different areas, as 

follows: 

 Knowledge of hardware, software and computers;  

 Educational issues; 

 Operating system and its components; 

 Structural issues; 

 Windows applications; 

 Computer networks; 

 General issues. 

 Based on books used in elementary schools, a database with 

questions was created, and pupils who have successfully finished 

the 5
th

 grade were tested with ten randomly selected questions. 

The answers were divided into five groups, as follows: 

+     the pupil recalls the teaching content satisfactorily; 

0     the pupil recalls the teaching content superficially; 

-      the pupil needs to be reminded of the teaching content; 

/      the pupil has difficulties recalling the teaching content. 

After testing of pupils who had successfully completed the 

5
th

 grade of elementary school, the pupils of the 6
th

, 7
th

 and 8
th

 

grade of elementary school were tested. 

RESEARCH RESULTS 

The research conducted on ten pupils who had completed 

the fifth grade in different elementary schools, provided the 

results presented in Table 1 and Figure 3.  

The research indicated that the pupils who have been using 

the traditional method of learning have forgotten a significant 

part of content and needed to be reminded of this content. The 

content that they have been learning in elementary schools was 

to some extent interesting and less creative. When asked what 

their biggest incentive in learning was, most of them pointed out 

knowledge of computers and computer equipment.  

Table 1. Test results of pupils who had completed the 5
th

 grade 

in 2016/17 school year. 

List of pupils Class Answer 

Pupil 1 5. 0 

Pupil 2 5. - 

Pupil 3 5. + 

Pupil 4 5. 0 

Pupil 5 5. 0 

Pupil 6 5. / 

Pupil 7 5. 0 

Pupil 8 5. - 

Pupil 9 5. + 

Pupil 10 5. 0 

Table 2. Test results of pupils who had completed the 7
th

, 8
th

 and 

9
th

 grade in 2016/17 school year. 

List of pupils Class Answer 

Pupil 1 7. 0 

Pupil 2 6. - 

Pupil 3 7. 0 

Pupil 4 8. 0 

Pupil 5 8. + 

Pupil 6 8. - 

Pupil 7 6. / 

Pupil 8 7. / 

Pupil 9 7. - 

Pupil 10 6. - 

Figure 3. Research results for 5
th

 grade students in 2016/17. 
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The second research, conducted on ten pupils who had 

completed the fifth grade of elementary school and attended the 

6
th

, 7
th

 and 8
th

 grade, indicated the  results presented in Table 2 

and Figure 4.  

The survey has shown that the pupils have no permanent 

memory of the knowledge gained in this manner but need a 

shorter time period to recall the tasked area. The content they had 

studied in elementary schools was interesting but not creative 

enough. When asked what was their biggest incentive in learning 

most of them agreed the reason was the overall possibilities of 

computers and internet. Based on the conducted survey we can 

easily reach a conclusion that the method for designing 

educational content is outdated, flawed and non-interactive. 

During the entire course of the lectures, a pupil is only offered 

dry material with necessary typical exercises which only activate 

recognizing of practical knowledge to a certain extent. 

 

Figure 4. Research results for 6
th

, 7
th

, 8
th

 grade students in 2016/17. 

INTRODUCING STUDENTS WITH SOFTWARE FOR 

ELECTRONIC LEARNING AND THEIR SURVEY 

RESULTS 

After completing the survey, each student had a possibility 

to solve the interactive test with the help of SmartNotebook 17.0 

application. All students were divided into pairs and were 

solving the same test. The test was consisted of 10 new 

questions. Each student understood the rules of the competition 

in prompt and simple way and afterwards completed the final 

survey (Table 3). With its audio and video effects, the 

application awoke attention of all surveyed pupils and enticed 

them to think creatively. After successful completion of the quiz, 

the students had a possibility to get acquainted with other 

questions from the offered database. The acquainting had the 

purpose to have the pupils assess the application subjectively. 

The pupils completed the survey with the following offered 

responses:  

 0 – I think that the offered application is useless for my 

studying; 

 1 – I think that the offered application is inapplicable for 

my studying; 

 2 – I think that the offered application is a solid base for my 

studying; 

 3 – I think that the offered application is creative for my 

studying; 

 4 – I think that the offered application is useful for my 

studying; 

 5 – I think that the offered application is ideal for my 

studying.   

Table 3. Final survey on content quality of Smart Notebook 

application and its implementation in practice. 

List of 

pupils 
Class Mark 

Pupil 1 6. 3 

Pupil 2 6. 4 

Pupil 3 6. 4 

Pupil 4 6. 5 

Pupil 5 6. 5 

Pupil 6 6. 4 

Pupil 7 6. 3 

Pupil 8 6. 5 

Pupil 9 6. 4 

Pupil 10 6. 4 

Pupil 11 7. 5 

Pupil 12 6. 5 

Pupil 13 7. 4 

Pupil 14 8. 5 

Pupil 15 8. 3 

Pupil 16 8. 2 

Pupil 17 6. 3 

Pupil 18 7. 5 

Pupil 19 7. 5 

Pupil 20 8. 5 
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Figure 5. Research results on implementation of e-learning in education. 

Based on the conducted research we have received the 

following results on implementation of Smart Notebook 

application in contemporary education of pupils, as in Figure 5. 

Based on the overall research and interest from the pupils 

for modern technologies and possibilities for achieving adequate 

goals in contemporary education of pupils we can safely say that 

software for electronic learning have positive effect on the 

pupils’ creative thinking. They proved useful in surmounting the 

tasked content at hand and with adequate implementation along 

with the traditional method of learning assist in overall pupils’ 

education. A pupil can overcome the tasked areas through fun 

and play, make a subjective ruling on accuracy of the asked 

question and in that manner complete his/her own knowledge or 

enhance creative learning by learning from the wrong answer.  

The knowledge gained like this is more permanent than 

traditional learning. A pupil is given a possibility to select one of 

the offered answers and in this way his thinking can be 

adequately evaluated and guided to proper and mature thinking. 

CONCLUSION 

 Modern education represents a vital precondition for 

continued existence and developing of a modern society. The 

ICT with its importance and connections to other sciences 

represents one of the most important factors for progress and 

enhancement of the human community needs. Today, 

information technologies represent one of more important 

subjects at all faculty departments. Whether we are talking about 

medicine, mathematics, physics, construction or other social 

sciences, the informatics has the leading role in their education 

and enhancement. Various software packages, with the 

assistance of computers, have found their use in implementation 

of very important and precise jobs for decades. The importance 

of IT education is in proportion with the importance of 

technological development of a modern society. Contemporary 

methods of learning and educating, such as electronic learning 

and distance learning, have provided access to the required 

knowledge to all people in need. With help of electronic 

learning, education can no longer be placed under the field of a 

traditional classroom. Global trends in education place electronic 

learning at one of the leading positions of modern education. A 

proper use of electronic learning can have immeasurable effects 

in education and teaching. However, we must be aware that 

internet and computers also have their downsides. Without 

adequate assistance by a competent lecturer some negative 

effects and hazards can also be experienced when information 

technologies are used in education. A well planned content of 

electronic learning is adjustable and applicable for the needs of 

each individual student. Whether it concerns hard working 

students, students less able to remember or handicapped persons, 

the electronic learning offers additional support in improving 

gaining of required knowledge. Beside its contribution to 

memorizing and adopting new information, the electronic 

learning also enables children to develop emotional and social 

skills. The education assisted by the electronic learning directly 

affects the students’ behavior. Software used during lectures can 

be designed in various colors. Based on such display of 

information, both brain hemispheres are triggered and a student 

can remember and accept new information in an easier way. 

Practical lectures have shown that children who follow lectures 

designed on basis of multimedia content accept new information 

in an easier and faster way in comparison to children who learn 

by means of a traditional method of learning with books. The 

electronic learning has positive influence on manifold aspects of 

children’s development. In a physical context, a hand-eye-

hearing relationship is developed, while in an intellectual context 

children have a possibility for better memorizing and enhancing 

team spirit skills, as well as developing their own memorizing 

skills. In the future, the electronic learning will represent a 

foundation in education, in both educational institutions and each 

individual child in particular. 
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TIJANA KEVKIĆ1,?, VLADICA STOJANOVIĆ1
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ABSTRACT

Introduction of the Interpolation Logistic (IL) function in an approximate Surface-Potential-Based MOSFET model
has been proposed in this paper. This function can be precisely determined in accordance with different MOSFET
device characteristics. The IL function also provides continual behavior of the surface potential in entire useful region
of MOSFET operation. Unlike the approximate analytical models which can meet in literature, continual and smooth
transition of the surface potential between weak and strong inversion region here is achieved without using of any
empirical parameter. Furthermore, thanks to the IL function, speed and manner of that transition are controlled.
The values obtained for the surface potential are verified extensively with the numerical data, and a great agreement
is found for the MOSFET devices from different technology generations.

Keywords: MOSFET modeling, Interpolation Logistic function, Surface potential, Parameters estimation.

INTRODUCTION

Since the choice of a suitable MOSFET model is crucial to
the efficiency in the design of both analog and digital integrated
circuits, the used model must satisfy some important conditions.
First of all, it should reflect the correct physical behavior in order
to achieve acceptable accuracy over the required bias conditions.
Further, the model must accurately represent device operation over
a wide variety of process parameters, geometries and regions of
operation. Apart from accuracy, the model used should be as sim-
ple as possible in order to limit circuit simulation time.

Among the most accurate physically based MOSFET mod-
els are so-called surface potential- based models (henceforth re-
ferred to as the SPBM). SPBM fulfill mentioned conditions by the
combination of the accuracy of the implicit single-piece models
and the short calculation time of regional models (Arora, 1993;
Araújo et al., 1995; Prégaldiny et al., 2004). On the other hand,
a major difficulty related to these models is an implicit relation
between the surface potential ψs and the MOSFET terminal volt-
ages, which needs numerically solutions (Eftimie & Rusu, 2007).
Unfortunately, numerical iterative procedures require long com-
putation times what is not desirable from the physical and design
point of view (Enz et al., 1995; Chen & Gildenblat, 2001). An at-
tempt to overcome this difficulty is proposed in van Langevelde &
Klaassen (2000) as the closed-form approximation for the surface
potential. However, that approximation uses for ψs an empirical
smoothing function with a smoothing parameter with no physical
meaning. Hence, the accuracy of the approximation introduced in
van Langevelde & Klaassen (2000) is about 2-3mV which is not
always adequate for an accurate modeling of MOSFET character-
istics (Hossain & Chowdhury, 2016).

Instead of the empirical smoothing function for ψs, here is
proposed a new one that is computationally efficient, well behaved
and extremely accurate. This new function is based on the so-
called interpolation logistic function which depends on MOSFET
devices characteristics. The modified SPBM with proposed new
function gives an accurate and continual description of the surface
potential in entire inversion region, without any empirical determi-
nations. Finally, the simulated ψs values are compared extensively
with numerically obtained results of the mentioned implicit rela-
tion and a great agreement was found for MOSFET devices which
belong to the different technology generations.

DEFINITION OF PROBLEM

In the useful range of the n-type MOSFET transistor opera-
tion, under the gradual channel and charge sheet approximations,
for electrostatic surface potential is obtained the following implicit
relation:

VG = VFB + ψs + γ

√
ψs + uT exp

(
ψs − 2φF − Vch

uT

)
. (1)

Here VG,VFB and uT are gate voltage, flat-band voltage and ther-
mal voltage, respectively. φF is bulk potential, while Vch is the
channel potential. NA is channel doping concentration, tox is thick-
ness of oxide, and γ is body effect coefficient. Numerical solution
of Eq.(1) can be obtained by using Newton-Raphson algorithm
(Osrečki, 2015). On the other side, the explicit approximate solu-
tion of the Eq. (1) developed in van Langevelde & Klaassen (2000)
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has following form:

ψ∗s(VG) = f + uT ln

γ
−2u−1

T

VG − VFB − f −
ψswi − f√

1 +

(
ψswi− f

4uT

)2


2

−u−1
T f + 1

}
,

(2)
where

ψswi =


√

VG − VFB +
γ2

4
−
γ

2

2

(3)

is the surface potential in the weak inversion region and f is em-
pirical function given by:

f (VG) =
2φF + Vch + ψswi (VG)

2

−
1
2

√(
ψswi (VG) − 2φF − Vch

)2
+ 42.

(4)

The value of function f should changes smoothly from ψswi

in the weak inversion region to 2φF +Vch on the onset of the strong
inversion region. Smoothness of that transition is controlled by the
smoothing parameter which value was firstly fixed at a convenient
value of 0.02V (van Langevelde & Klaassen, 2000). Later, it has
been replaced with different classes of functions which vary from
a value close to zero in depletion and weak inversion region to a
value close to 0.02V (Basu & Dutta, 2006; Kevkić et al., 2016,
2017).

However, several simulations have shown that results of
Eq. (2) deviate significantly from numerical results of the implicit
equation (1). The observed deviations are greater for values of ap-
plied gate voltages near and below threshold (i.e., in the weak in-
version regime) as well as for scaled MOSFET devices i.e. for de-
vices with thinner gate oxides and higher substrate doping. This is
consequence of purely empirical nature of function f , what means
that f does not take into account changes in specific technology
characteristics of the MOSFET devices. Additionally, smoothing
parameter does not have physical meaning or role, except to pre-
vent the interruption of the function f at threshold.

MODEL FORMULATION

The simple empirical function f , given by Eq. (4), unifies
the weak and strong inversion approximations without inclusion of
changes in the technological characteristics of MOSFET devices.
In order to take into account mentioned changes and improve de-
scription of device behavior, here we suggest the Interpolation Lo-
gistic (IL) functional form for f :

fIL(VG) = ψswi (VG) −
uT

a
ln

[
1 + b exp

(
a

uT

(
ψswi (VG)

− 2φF − Vch

))]
.

(5)

Here, a, b > 0 are the fitting parameters which can be ob-
tained by using a specific fitting procedure, described in detail in

the following. Notice that in the weak inversion region (i.e., when
ψs < 2φF + Vch), the exponential term in Eq. (5) becomes negligi-
ble, so fIL ≈ ψswi . On the other side, in the strong inversion region
(i.e., when ψs > 2φF + Vch), the exponential term in Eq. (5) be-
comes dominant and approximation fIL ≈ 2φF + Vch + ln b holds.
Obviously, term ln b can be used to clarify some practically ob-
served deviations from the value 2φF +Vch. It can be easily proven
that from the inequalities fIL(VG) ≥ 2φF + Vch and ψs > 2φF + Vch

follows

b ≤ 1 − exp
(
−

a
uT

(
ψswi (VG) − 2φF − Vch

))
< 1,

and vice versa. Therefore, the values of the fitting parameter b can
indicate the changes of the reference f -values from 2φF + Vch.
In particular, if no deviation, i.e., if in the strong inversion region
fIL(VG) ≈ 2φF + Vch holds, it will be b ≈ 1.

The estimation of the fitting parameters a, b > 0 can be done
by using the standard fitting procedure based on the following al-
gorithm:

• Step 1. For given gate voltage values V (1)
G , . . . ,V (n)

G , numeri-
cally solve Eq. (1) with respect to ψs, i.e., compute the val-
ues of ψ(1)

s , . . . , ψ(n)
s such that:

V (k)
G − VFB − ψ

(k)
s = γ

ψ(k)
s + uT exp

ψ(k)
s − 2φF − Vch

uT

1/2

.

• Step 2. Find values f1, . . . , fn as the solutions of equations

ψ(k)
s = ψ∗s(V

(k)
G ), k = 1, . . . , n.

• Step 3. Minimize the objective function:

F(a, b) :=
n∑

k=1

(
fIL(V (k)

G ) − fk
)2

with respect to a, b > 0.
• Step 4. For obtained values a∗, b∗ > 0 which satisfies

F(a∗, b∗) = min F(a, b) form the IL-function fIL(VG), as it
is given in Eq. (5).

Table 1. Estimated values of the fIL-fitted parameters, according
to the MOSFETs technological characteristics.

Items MOSFET A MOSFET B

tox (nm) 2.5 1.2

NA (cm−3) 5 × 1017 5 × 1018

γ (V1/2) 0.2891 0.4494

2φF (V) 0.9100 1.0416

VFB (V) -0.8000 -1.0000

a∗ 1.1638 0.9887

b∗ 1.1737 1.1019
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Figure 1. Graphs of the objective function F(a, b∗) (left diagrams) and F(a∗, b) (right diagrams). Device parameters are: MOSFET A (diagrams above)
and MOSFET B (diagrams bellow).

Notice that minimization of the objective function F(a, b) in
the Step 4 of previous algorithm is performed by using the non-
linear last squared approximate method, i.e., by solving the cou-
pled equations ∂F(a, b)/∂a = ∂F(a, b)/∂b = 0. Estimates of the
fIL parameters (a, b) = (a∗, b∗) obtained from described algorithm
are shown in Table 1, for two MOSFETs with significantly differ-
ent technological characteristics. All estimates have been obtained
based on the series of n = 50 equidistant values of gate voltage
VG, and the whole algorithm has been implemented in the soft-
ware package MATHEMATICA 11.0.

Graphs of the functions a 7→ F(a, b∗) and b 7→ F(a∗, b), for
both of the considered MOSFETs devices are shown in Fig 1. As
it can easily be seen, in both cases the function F(a, b) attains a
unique minimum at the point (a, b) = (a∗, b∗).

MODEL VALIDATION

The functions f (VG) and fIL(VG) are plotted in the above di-
agrams in Fig. 2 along with the real-based values f1, . . . , fn which
were obtained in the Step 2 of previously developed algorithm, and
taken as reference values. Diagrams bellow show approximations
of the surface potential ψ∗s(VG), obtained from Eq. (2), by using
both of the functions f and fIL, respectively.

The improvement of the original explicit SPB model (van
Langevelde & Klaassen, 2000) by introducing the Interpolation

Logistic function can be clearly seen from Tables 2 and 3. They
show the mean values of the absolute errors (AE), fractional er-
rors (FE) and squared errors (SE) for functions f (VG) and fIL(VG),
as the approximate surface potential ψ∗s(VG). As reference values
have been used ones obtained by the previous developed algo-
rithm. For both of considered devices the errors were computed
separately in weak and strong inversion region, as well as in the
whole approximation region.

As we can see, all the estimated errors are smaller in the
case of function fIL(VG), for both of the MOSFETs. This is partic-
ularly pronounced in the case of MOSFET A, where for instance,
fractional errors which occur in the strong and whole approxima-
tion regions are more than six times smaller than corresponding
FE value where function f was used. In the case of MOSFET B,
these errors are smaller five times, approximately.

These facts also confirms the Fig. 3 where the absolute er-
rors AE = ψ∗s − ψs are shown in the logarithmic scales, for both
of the mentioned approximations, in the weak and strong inver-
sion, separately. The values of ψ∗s(VG) have been obtained from
Eq. (2) by using fitting functions f (VG) and fIL(VG), respectively.
It is easy to observe that, in all cases, the values of the ψ∗s(VG) with
interpolation function fIL(VG) show the slightest deviation from
reference values.
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Figure 2. Diagrams above: Empirical function f (VG) (dashed lines) and interpolation function fIL(VG) (solid lines), compared with reference values
(dots). Diagrams bellow: Approximation of the SP using the Eq. (2) with f (VG) and fIL(VG). Device parameters are the same as in the MOSFET A (left
diagrams) and MOSFET B (right diagrams).

Figure 3. Log-diagrams of the absolute errors of the surface potential approximations ψ∗s(VG), fitted with functions f (VG) and fIL(VG), in the the weak
inversion (diagrams above), and the strong inversion region (diagrams bellow).
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Table 2. Estimated errors obtained by various types of the f -fitting (MOSFET A).

Errors Regions f -fitting ψ∗s-approximation

Eq.(4) Eq.(5) Eq.(4) Eq.(5)

Weak inversion 1.53E-03 9.73E-04 1.07E-04 8.53E-05
AE Strong inversion 2.97E-03 5.59E-04 2.47E-03 3.76E-04

Whole region 2.62E-03 6.55E-04 1.90E-03 3.05E-04

Weak inversion 2.12E-01 1.19E-01 1.37E-02 9.97E-03
FE (%) Strong inversion 3.28E-01 6.17E-02 2.37E-01 3.68E-02

Whole region 3.00E-01 7.52E-02 1.83E-01 3.03E-02

S E Weak inversion 2.39E-06 2.11E-06 1.19E-08 7.03E-09
Strong inversion 9.50E-06 8.22E-07 6.71E-06 2.06E-07
Whole region 7.76E-06 1.12E-06 5.08E-06 1.64E-07

Table 3. Estimated errors obtained by various types of the f -fitting (MOSFET B).

Errors Regions f -fitting ψ∗s-approximation

Eq.(4) Eq.(5) Eq.(4) Eq.(5)

Weak inversion 1.23E-03 7.39E-04 6.54E-05 2.63E-05
AE Strong inversion 2.08E-03 4.46E-04 1.78E-03 3.32E-04

Whole region 1.84E-03 5.14E-04 1.36E-03 2.68E-04

Weak inversion 1.54E-01 7.87E-02 7.64E-03 2.79E-03
FE (%) Strong inversion 2.00E-01 4.03E-02 1.52E-01 2.89E-02

Whole region 1.86E-01 5.13E-02 1.16E-01 2.36E-02

Weak inversion 1.71E-06 1.40E-06 6.26E-09 3.80E-09
S E Strong inversion 4.66E-06 5.20E-07 3.43E-06 1.73E-07

Whole region 7.76E-06 1.12E-06 2.60E-06 1.38E-07

CONCLUSIONS

Implementation of the Interpolation Logistic function in ex-
plicit surface potential based MOSFET model is described. This
function provides continual transition of the surface potential be-
tween two distinct regions of MOSFET operation and simultane-
ously controls speed and manner of that transition. Except the need
for usage of any empirical functions or parameters with no phys-
ical meaning is eliminated, by introducing the proposed function
is achieved significantly higher degree of accuracy for the surface
potential over a wide range of the device parameters. Moreover,
the complexity of the calculations increases only marginally over
the original model which contains pure empirical function for sur-
face potential.
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generalized logistic functions in surface-potential-based MOS-
FET modeling. Journal of Computational Electronics, 16(1), pp.
90-97. doi:10.1007/s10825-016-0935-x.
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ABSTRACT

Stark full widths at half maximum (FWHM) for ten multiplets of doubly charged potassium ion (K III), and 35
multiplets of triply charged calcium ion (Ca IV) have been calculated for electron density of 1017 cm−3 by using the
symplified modified semiempirical (SMSE) method. The calculations were performed for temperatures from 5 000 K
to 80 000 K, for K III and for temperatures from 10 000 K to 160 000 K for Ca IV, for broadening by collisions with
electrons. The results obtained here will be implemented in the STARK-B database which is a memeber of Virtual
atomic and molecular data center (VAMDC).

Keywords: Stark broadening, Spectral lines, Line profiles, K III, Ca IV.

INTRODUCTION

Data on Stark broadening, or broadening of spectral lines by
collisions with charged particles due to Stark effect in a fluctuat-
ing electric microfield are needed in many research fields in astro-
physics, for laboratory plasma diagnostics, for design of lasers and
investigations of laser produced plasma, in inertial fusion research
as well as for different technologies which use plasmas, like light
industry, and cutting, welding and melting metals using lasers.

Line broadening data for as much as possible larger number
of spectral lines is needed because we do not know a priori the
chemical composition of a stellar atmosphere. Stark broadening
research of the lines of trace elements is also needed because with
the development of space astronomy, instruments like Goddhard
High Resolution Spectrograph (GHRS) on Hubble Space Tele-
scope, produce spectral line profiles with unpreceded resolution
and accuracy and with modern computers all calculations become
more and more easier.

K III and Ca IV lnes are the two successive members of
the Chlorine isoelectronic sequence. Fritzsche et al. (2006) under-
line the importance of atomic data for them in fusion research as
well as for estimating the energy loss through impurity ions. Stark
broadening data for their spectral lines are needed for laboratory
plasma diagnostics, in astophysics, for fusion plasma research and
in plasma physics.

Since there is no neither experimental nor theoetical data for
Stark broadening of K III and Ca IV spectral lines, here are cal-
culated Stark full widths at half maximum (FWHM) for 10 mul-
tiplets of K III, and 35 of Ca IV by using the simplified modi-
fied semiempirical method (Dimitrijević & Konjević, 1987), since
a sufficiently complete set of atomic data, needed for a more so-
physticated calculation does not exist.

The obtained results will be included in the STARK-B
(Sahal-Bréchot et al., 2015, 2018), a database for Stark widths
and shifts of spectral lines broadened by collisions with charged
particles.

SYMPLIFIED MSE FORMULA

When there is no data for more sophysticated theoretical
methods, or when data for a lot of spectral lines are needed, what
is the case especially in astrophysics e.g. for model atmosphere or
radiative transfer calculations, might be very useful the simplified
modified semiempirical formula (Dimitrijević & Konjević, 1987)
for Stark widths of isolated, singly, and multiply charged ion lines.
This formula may be used in the case when the nearest atomic en-
ergy level ( j′ = i′ or f ′), having an allowed dipol transition from
or to the initial (i) or final ( f ) energy level of the considered spec-
tral line, is far enough, so that the condition xjj′ = E/|Ej′ − Ej| ≤ 2
is satisfied. Than, full width at half maximum is given as (Dimitri-
jević & Konjević, 1987):

W(Å) = 2.2151 × 10−8 λ
2(cm)N(cm−3)

T 1/2(K)
(0.9 −

1.1
Z

)×

×
∑
j=i,f

(
3n∗j
2Z

)2(n∗2j − `
2
j − ` − 1). (1)

In the upper equation, N and T are the electron density and
temperature, E = 3kT/2 is the energy of perturbing electron, Z−1
is the ionic charge, n the effective principal quantum number and
λ is the transition wavelength.

RESULTS AND DISCUSSION

By using the symplified modified semiempirical (SMSE)
method (Dimitrijević & Konjević, 1987), Stark full widths at half

? Corresponding author: mdimitrijevic@aob.rs
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Table 1. This table gives electron-impact broadening (Stark broadening) Full Widths at Half Intensity Maximum (W) for K III spectral
lines, for a perturber density of 1017 cm−3 and temperatures from 5 000 to 80 000 K. The configuration is 3s23p4(3P)n`. Also is given
quantity 3kT/2∆E for T = 20 000 K, where ∆E is the energy difference between closest perturbing level and the closer of initial and
final levels.

Transition T(K) W[Å] 3kT/2∆E
K III 3d2F-4p2Do 5000. 0.732E-01 2.98
λ = 2366.6 Å 10000. 0.518E-01 5.95

20000. 0.366E-01 11.9
40000. 0.259E-01 23.8
80000. 0.183E-01 47.6

K III 4s2P-4p2Do 5000. 0.328 2.98
λ = 3312.2 Å 10000. 0.232 5.95

20000. 0.164 11.9
40000. 0.116 23.8
80000. 0.820E-01 47.6

K III 4s2P-4p2Po 5000. 0.311 1.89
λ = 3205.3 Å 10000. 0.220 3.78

20000. 0.155 7.56
40000. 0.110 15.1
80000. 0.777E-01 30.2

K III 4p2Do-5s2P 5000. 1.23 2.98
λ = 5070.3 Å 10000. 0.873 5.95

20000. 0.617 11.9
40000. 0.436 23.8
80000. 0.309 47.6

K III 4p2Po-5s2P 5000. 1.38 1.89
λ = 5342.9 Å 10000. 0.976 3.78

20000. 0.690 7.56
40000. 0.488 15.1
80000. 0.345 30.2

K III 4p2Do-3d2D 5000. 0.182 2.98
λ = 1678.3 Å 10000. 0.129 5.95

20000. 0.911E-01 11.9
40000. 0.644E-01 23.8
80000. 0.456E-01 47.6

K III 4p2Po-3d2D 5000. 0.190 1.89
λ = 1707.1 Å 10000. 0.134 3.78

20000. 0.948E-01 7.56
40000. 0.670E-01 15.1
80000. 0.474E-01 30.2

K III 4s4P-4p4Po 5000. 0.310 0.176
λ = 3376.2 Å 10000. 0.219 0.352

20000. 0.155 0.704
40000. 0.110 1.41
80000. 0.776E-01 2.82

K III 4s4P-4p4Do 5000. 0.256 0.176
λ = 3006.0 Å 10000. 0.181 0.352

20000. 0.128 0.704
40000. 0.905E-01 1.41
80000. 0.640E-01 2.82

K III 4s4P-4p4So 5000. 0.203 0.176
λ = 2601.3 Å 10000. 0.144 0.352

20000. 0.102 0.704
40000. 0.719E-01 1.41
80000. 0.508E-01 2.82
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Table 2. This table gives electron-impact broadening (Stark broadening) Full Widths at Half Intensity Maximum (W) for Ca IV spectral
lines, for a perturber density of 1017 cm−3 and temperatures from 10 000 to 160 000 K. Also is given quantity 3kT/2∆E, where ∆E is
the energy difference between closest perturbing level and the closer of initial and final levels.

Transition T(K) W[Å] 3kT/2∆E
Ca IV (3P)3d4D-(3P)4p4Po 10000. 0.401E-02 0.270

λ = 773.3 Å 20000. 0.284E-02 0.539
40000. 0.201E-02 1.08
80000. 0.142E-02 2.16

160000. 0.100E-02 4.31
Ca IV (3P)3d4D-(3P)4p4Do 10000. 0.402E-02 0.239

λ = 745.2 Å 20000. 0.284E-02 0.479
40000. 0.201E-02 0.958
80000. 0.142E-02 1.92

160000. 0.100E-02 3.83
Ca IV (3P)3d4F-(3P)4p4Do 10000. 0.548E-02 0.239

λ = 858.2 Å 20000. 0.387E-02 0.479
40000. 0.274E-02 0.958
80000. 0.194E-02 1.92

160000. 0.137E-02 3.83
Ca IV (3P)3d4P-(3P)4p4Po 10000. 0.663E-02 0.270

λ = 971.7 Å 20000. 0.469E-02 0.539
40000. 0.332E-02 1.08
80000. 0.235E-02 2.16

160000. 0.166E-02 4.31
Ca IV (3P)3d4P-(3P)4p4Do 10000. 0.650E-02 0.239

λ = 927.7 Å 20000. 0.460E-02 0.479
40000. 0.325E-02 0.958
80000. 0.230E-02 1.92

160000. 0.163E-02 3.83
Ca IV (3P)3d4P-(3P)4p4So 10000. 0.636E-02 0.206

λ = 871.4 Å 20000. 0.450E-02 0.413
40000. 0.318E-02 0.826
80000. 0.225E-02 1.65

160000. 0.159E-02 3.30
Ca IV (3P)4s4P-(3P)4p4Po 10000. 0.112 0.270

λ = 2586.1 Å 20000. 0.794E-01 0.539
40000. 0.561E-01 1.08
80000. 0.397E-01 2.16

160000. 0.281E-01 4.31
Ca IV (3P)4s4P-(3P)4p4Do 10000. 0.913E-01 0.270

λ = 2295.8 Å 20000. 0.645E-01 0.539
40000. 0.456E-01 1.08
80000. 0.323E-01 2.16

160000. 0.228E-01 4.31
Ca IV (3P)4s4P-(3P)4p4So 10000. 0.711E-01 0.270

λ = 1979.5 Å 20000. 0.503E-01 0.539
40000. 0.355E-01 1.08
80000. 0.251E-01 2.16

160000. 0.178E-01 4.31
Ca IV (3P)3d2F-(3P)4p2Do 10000. 0.701E-02 0.284

λ = 937.1 Å 20000. 0.495E-02 0.567
40000. 0.350E-02 1.13
80000. 0.248E-02 2.27

160000. 0.175E-02 4.54
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Transition T(K) W[Å] 3kT/2∆E
Ca IV (3P)3d2P-(3P)4p2Do 10000. 0.476E-01 0.284

λ = 2231.7 Å 20000. 0.336E-01 0.567
40000. 0.238E-01 1.13
80000. 0.168E-01 2.27

160000. 0.119E-01 4.54
Ca IV(3P)3d2P-(3P)4p2Po 10000. 0.486E-01 0.289

λ = 2264.9 Å 20000. 0.344E-01 0.578
40000. 0.243E-01 1.16
80000. 0.172E-01 2.31

160000. 0.122E-01 4.62
Ca IV (3P)3d2P-(3P)4p2So 10000. 0.428E-01 0.259

λ = 2071.5 Å 20000. 0.303E-01 0.518
40000. 0.214E-01 1.04
80000. 0.151E-01 2.07

160000. 0.107E-01 4.15
Ca IV (3P)3d2P-(3P)4p2Do 10000. 0.729E-01 0.284

λ = 2715.7 Å 20000. 0.516E-01 0.567
40000. 0.365E-01 1.13
80000. 0.258E-01 2.27

160000. 0.182E-01 4.54
Ca IV (3P)3d2P-(3P)4p2Po 10000. 0.750E-01 0.289

λ = 2765.1 Å 20000. 0.531E-01 0.578
40000. 0.375E-01 1.16
80000. 0.265E-01 2.31

160000. 0.188E-01 4.62
Ca IV (3P)4s2P-(3P)4p2Do 10000. 0.136 0.284

λ = 2720.8 Å 20000. 0.965E-01 0.567
40000. 0.682E-01 1.13
80000. 0.482E-01 2.27

160000. 0.341E-01 4.54
Ca IV (3P)4s2P-(3P)4p2Po 10000. 0.141 0.289

λ = 2770.3 Å 20000. 0.996E-01 0.578
40000. 0.704E-01 1.16
80000. 0.498E-01 2.31

160000. 0.352E-01 4.62
Ca IV (3P)4s2P-(3P)4p2So 10000. 0.117 0.284

λ = 2486.3 Å 20000. 0.824E-01 0.567
40000. 0.583E-01 1.13
80000. 0.412E-01 2.27

160000. 0.291E-01 4.54
Ca IV (1D)3d2P-(1D)4p2Do 10000. 0.729E-02 0.229

λ = 730.6 Å 20000. 0.516E-02 0.457
40000. 0.365E-02 0.915
80000. 0.258E-02 1.83

160000. 0.182E-02 3.66
Ca IV (1D)3d2P-(1D)4p2Po 10000. 0.721E-02 0.219

λ = 720.4 Å 20000. 0.510E-02 0.439
40000. 0.361E-02 0.877
80000. 0.255E-02 1.75

160000. 0.180E-02 3.51
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Transition T(K) W[Å] 3kT/2∆E
Ca IV (1D)3d2D-(1D)4p2Do 10000. 0.876E-02 0.262

λ = 813.2 Å 20000. 0.620E-02 0.523
40000. 0.438E-02 1.05
80000. 0.310E-02 2.09

160000. 0.219E-02 4.19
Ca IV (1D)3d2P-(1D)4p2Do 10000. 0.839E-02 0.229

λ = 776.9 Å 20000. 0.593E-02 0.457
40000. 0.419E-02 0.915
80000. 0.297E-02 1.83

160000. 0.210E-03 3.66
Ca IV (1D)3d2P-(1D)4p2Po 10000. 0.828E-02 0.219

λ = 765.3 Å 20000. 0.585E-02 0.439
40000. 0.414E-02 0.877
80000. 0.293E-02 1.75

160000. 0.207E-02 3.51
Ca IV (1D)3d2G-(1D)4p2Fo 10000. 0.965E-02 0.262

λ = 848.5 Å 20000. 0.682E-02 0.523
40000. 0.483E-02 1.05
80000. 0.341E-02 2.09

160000. 0.241E-02 4.19
Ca IV (1D)3d2F-(1D)4p2Fo 10000. 0.141E-01 0.262

λ = 1002.2 Å 20000. 0.996E-02 0.523
40000. 0.704E-02 1.05
80000. 0.498E-02 2.09

160000. 0.352E-02 4.19
Ca IV (1D)3d2F-(1D)4p2Do 10000. 0.132E-01 0.229

λ = 947.7 Å 20000. 0.932E-02 0.457
40000. 0.659E-02 0.915
80000. 0.466E-02 1.83

160000. 0.329E-02 3.66
Ca IV (1D)3d2S-(1D)4p2Po 10000. 0.373E-01 0.219

λ = 1490.4 Å 20000. 0.263E-01 0.439
40000. 0.186E-01 0.877
80000. 0.132E-01 1.75

160000. 0.931E-02 3.51
Ca IV (1D)4s2D-(1D)4p2Fo 10000. 0.108 0.262

λ = 2509.5 Å 20000. 0.764E-01 0.523
40000. 0.540E-01 1.05
80000. 0.382E-01 2.09

160000. 0.270E-01 4.19
Ca IV (1D)4s2D-(1D)4p2Do 10000. 0.856E-01 0.262

λ = 2193.5 Å 20000. 0.606E-01 0.523
40000. 0.428E-01 1.05
80000. 0.303E-01 2.09

160000. 0.214E-01 4.19
Ca IV (1D)4s2D-(1D)4p2Po 10000. 0.798E-01 0.262

λ = 2103.6 Å 20000. 0.564E-01 0.523
40000. 0.399E-01 1.05
80000. 0.282E-01 2.09

160000. 0.200E-01 4.19
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Transition T(K) W[Å] 3kT/2∆E
Ca IV (1D)4p2Fo-(1D)5s2D 10000. 0.126 0.262

λ = 2091.3 Å 20000. 0.892E-01 0.523
40000. 0.631E-01 1.05
80000. 0.446E-01 2.09

160000. 0.315E-01 4.19
Ca IV (1D)4p2Do-(1D)5s2D 10000. 0.167 0.260

λ = 2376.7 Å 20000. 0.118 0.520
40000. 0.836E-01 1.04
80000. 0.591E-01 2.08

160000. 0.418E-01 4.16
Ca IV (1D)4p2Po-(1D)5s2D 10000. 0.185 0.260

λ = 2492.0 Å 20000. 0.131 0.520
40000. 0.927E-01 1.04
80000. 0.655E-01 2.08

160000. 0.463E-01 4.16
Ca IV (1S)3d2D-(1S)4p2Po 10000. 0.628E-02 0.244

λ = 912.0 Å 20000. 0.444E-02 0.488
40000. 0.314E-02 0.976
80000. 0.222E-02 1.95

160000. 0.157E-02 3.90
Ca IV (1S)4s2S-(1S)4p2Po 10000. 0.953E-01 0.244

λ = 2339.8 Å 20000. 0.674E-01 0.488
40000. 0.476E-01 0.976
80000. 0.337E-01 1.95

160000. 0.238E-01 3.9

maximum (FWHM) for 10 multiplets of K III and 35 multiplets
of Ca IV have been calculated for electron density of 1017 cm−3

and for temperatures from 5 000 K to 80 000 K in the case of
K III while for Ca IV the chosen temperature range was from 10
000 K to 160 000 K. Calculations were performed for broaden-
ing of spectral lines by collisions with electrons. Energy levels
and ionization energies needed for the corresponding calculations
have been taken from Sugar & Corlis (1985); Sansonetti (2008);
Kramida et al. (2018) in the case of K III and from Sugar & Corlis
(1985); Kramida et al. (2018) in the case of Ca IV. The data for
energy levels are incomplete for any more sophysticated calcula-
tion but using them, SMSE method, who needs less atomic data,
can be applied.

The results of our calculations of Stark widths for K III spec-
tral lines are shown in Table 1 and for Ca IV in Table 2. The ex-
trapolation to lower perturber densities is linear while for higher
extrapolation is linear to densities where the influence of Debye
screening is negligible or reasonably small. The wavelengths pre-
sented in Tables 1 and 2 are the calculated ones from the aver-
aged energy levels for multiplet so that they differ from the ob-
served ones. In the last column is shown the quantity 3kT/2∆E,
which represents the ratio of the average energy of free electrons,
E = 3kT/2, and the energy difference between the initial or fi-
nal and the closest perturbing level,and is taken the larger of such
values for initialand final level.

Table 3. This table gives electron-impact broadening (Stark broad-
ening) Full Widths at Half Intensity Maximum (W) for K III
4s(2S +1)P-4p2S +1Lo (L=S, P, D) supermultiplet, for a perturber den-
sity of 1017 cm−3 and temperature of 10 000 K, in [Å] and in
[1012s−1] units.

Transition T(K) W[Å] W[1012 s−1]
K III 4s2P-4p2Do 10000. 0.232 0.398
λ = 3312.2 Å

K III 4s2P-4p2Po 10000. 0.220 0.403
λ = 3205.3 Å

K III 4s4P-4p4Po 10000. 0.219 0.362
λ = 3376.2 Å

K III 4s4P-4p4Do 10000. 0.181 0.377
λ = 3006.0 Å

K III 4s4P-4p4So 10000. 0.144 0.401
λ = 2601.3 Å

∆E = Max[E/∆Ei,i′ , E/∆E f , f ′ ] (2)

This ratio is the validity condition for the used method. If
3kT/2∆E = 1, it is the threshold for the corresponding inelastic
transition. If it is lower than one, elastic collisions are dominant
and it is so called low temperature limit, and the applied method is
completely convenient and valid. If it is larger than one the inelas-
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tic collisions start to play more and more important role with its
increase and the method underestimates the real value. However,
since the Stark width decrease monotonically with the increase of
temperature, if we look at the value of Stark width at lower tem-
peratures, where the condition given by Eq. (2) is satisfied, and
the obtained value for the needed temperature, the right value is
between these limits, so that we have a rough estimate for it.

The Stark widths obtained here, enable to check the simi-
larities of these line broadning parameters within a supermultiplet
and transition array. If such similarities exist, they could be used
for derrivation of missing values, on the basis of the known ones.
Namely, Wiese & Konjević (1982) found that Stark line widths in
angular frequency units in a supermultiplet usually agree within
about 30 per cent and within a transition array within about 40
per cent. We will check this for K III, belonging to the chlorine
isoelectronic sequence, for the supermltiplet 4s(2S +1)P-4p2S +1Lo

(L=S, P, D). In order to do so we should transform the Stark widths
expressed in Å-units to the widths in angular frequency units, what
can be done by the following formula:

W(Å) =
λ2

2πc
W(s−1), (3)

where c is the speed of light.
The values in Å and in s−1 are presented in Table 3. We

can see that for values in Å the highest value in supermultiplet
is 52% higher from the lowest and in transition array 61%, but
this is because of the influence of wavelength. In s−1 units, when
the width is liberated from this influence, the maximal value in
both supermultiplet and transition array is only 11% larger from
the smaller one what is well within the limits found by Wiese &
Konjević (1982).

The Stark widths obtained here for K III and Ca IV spectral
lines will be included in the STARK-B database (Sahal-Bréchot
et al., 2015, 2018), one of the databases which enter also in the
european Virtual Atomic and Molecular Data Center - VAMDC
(Dubernet et al., 2010; Rixon et al., 2011; Dubernet et al., 2016),
which can be found on the web site http://portal.vamdc.org/.

CONCLUSION

By using the SMSE method we have calculated Stark widths
for 10 K III and 35 Ca IV multiplets as a function of temperature.
The presented widths are also used to check how similar they are
within a supermultiplet and transition array. These data will be im-
plemented in STARK-B database. Since other experimental or the-
oretical data for these ions do not exist it is not possible to make a
comparison with other results. The data obtained in this work may
be of interest for stellar physics, plasma diagnostics and inertial
fusion reearch.
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