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Abstract. Due to their efficiency and safety, synthetic products raise several questions as for their use; 

thus, medicinal plants regain interest as potential source of bioactive natural compounds. Marrubium 

species are recognized to possess many beneficial effects on the human body. They are widely used in 

folk medicine all over the world to treat a variety of ailments. This paper reviews information on the 

essential oil of Marrubium species (except M. vulgare) described until now regarding extraction, 

chemical composition and biological activities. Marrubium essential oils, although quantitatively poor, 

are rich in chemical composition. This composition consists especially of sesquiterpenoids and a little 

amount of monoterpenes. Marrubium essential oils exhibit antioxidant and antimicrobial activities. 

However, because of the lack of literature concerning essential oil of these species, further studies are 

necessary, particularly regarding their activities. 
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List of abbreviations: 
 

ABTS  2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid 

AchE acethylcholinesterase 

ATCC American Type Culture Collection 

BchE butyrylcholinesterase 

BHA butylatedhydroxyaanisole 

BHT butylated hydroxytoluene 

CNCTC  Czech National Collection of Type Cultures 

CUPRAC  cupric reducing antioxidant capacity 

DPPH 1,1-diphenyl-2-picrylhydrazyl 

EC50 half maximal effective concentration  

EO essential oil 

HD  hydrodistillation  

HS-SPME head space solid-phase micro extraction 

IC50 half maximal inhibitory concentration  

IPP isopentenyldiphosphate 

ISO International Organization for Standardization 

MAE microwave-assisted extraction 

MAHD microwave assisted hydro-distillation 

MH monoterpene hydrocarbon 

MIC minimum inhibitory concentration 

MMC minimum microbiocidal concentration 

NCIMB National Collection of Industrial, Food and Marine Bacteria 

NRRL Northern Regional Research Laboratory Culture Collection 

OM oxygenated monoterpene 

OS oxygenated sesquiterpene 

PSE pressurized solvent extraction 

RSKK Refik Saydam National Type Culture Collection 

SD steam-distillation 

SFE supercritical fluid extraction 

SFME solvent-free microwave extraction 

SH sesquiterpene hydrocarbon 

XOD xanthine-oxidase activity 
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Introduction 

Essential oils (EOs) are obtained from a 

variety of aromatic plant materials including 

flowers, buds, seeds, leaves, twigs, bark, herbs, 

wood, fruits, and roots. These aromatic 

compounds are formed by plants as by-products 

or final metabolic products [1] and stored in one 

or several plant organs [2]. They are contained in 

leaves and/or reproductive structures and 

sometimes in the stem and roots of plants [3]. 

According to Chemat, F. and Cravotto, G., the 

EOs extracted from different organs in the same 

plants are variable for their names and uses 

because of their odours [1]. It consists of a 

mixture of many volatile compounds, and it can 

be classified into two main groups: hydrocarbons, 

which consist of terpenes, such as monoterpenes, 

sesquiterpenes, and diterpenes; and oxygenated 

compounds, such as esters, aldehydes, ketones, 

alcohols, phenols, oxides, acids, and lactones [4]. 

Nitrogen and sulphur compounds also 

occasionally exist [1]. This composition varies 

very much due to many factors including genetic 

and environmental conditions [3,5,6].  

The experimental (methods of isolation) can 

affect as well [7]. The chemical composition of 

essential oil is in strict direct relation with 

biological activities and this relation may be 

attributed both to their major components and to 

the minor ones [8]. As reported by the same 

author, the essential oil, in its totality, acted less 

than the major constituents. The biological 

activity of essential oils and their constituents was 

reviewed by Nakatsu, T. et al. [9]. 

According to El-Gazzar, A. and Watson, L., 

Labiatae family have for centuries been 

acknowledged as a group of considerable 

pharmaceutical and culinary interest [10]. This 

family does not contain any dangerous plants; all 

are aromatic, stimulating or bitter and tonic [11]. 

The Labiatea family contains 236 genera and 

about 7173 species, almost cosmopolitan, but 

absent from the coldest regions of high latitude or 

altitude [12]. This family is well known with two 

major series of genera: oil-rich and oil-poor 

species [10]. Marrubium genera belong to this 

family which consists of annual or perennial 

herbs, and is an oil-poor one. Species of this 

genus are characterized by grains with tricolpate 

pollen [13,14] and so oil-poor, according to 

Lawrence hypothesis [15]. The essential oil yield 

is an irrefutable evidence. 

The exact number of species of the genus 

Marrubium is not well known. Generally, about 

forty species are mentioned, mainly distributed 

throughout Asia, North Africa and Europe 

[12,14]. In Turkey, Marrubium genus comprises 

twenty two species [16-18]; eleven species occur 

in Iran [19-26]; five to ten species exist in Tunisia 

[27]; it includes six species and one hybrid in 

Algeria [28,29] and five species in Greece [30]. 

Some of Marrubium species are described or 

known as endemic as well as M. aschersonii to 

Tunisia [27]; M. duabense, M. crassidense, M. 

procerum and nine other species to Iran 

[24,25,31]; M. thessalum, M. velutinum and M. 

cylleneum to Greece [30,32,33]; M. deserti to 

Algeria [34]; M. persicum to Armenia, Turkey 

and Iran [35]; M. bourgaei, M. trachyticum, M. 

cephalanthum, M. globosum and thirteen other 

species to Turkey [16-18]. 

There are a few studies concerning the 

essential oil isolated from Marrubium species, 

seventeen of which are elucidated. Those that 

exist are much more related to chemical 

characterization and identification of essential oils 

components [16-43]. The literature regarding the 

biological activity of EO from Marrubium genus 

is scarce and includes only few studies concerning 

M. duabense [31], M. globosum [36,37], M. 

cuneatum [36], M. peregrinum [38], M. deserti 

[28, 29], M. cylleneum [32] and M. incanum [39]. 

The biological activity is essentially related to 

antimicrobial [28,29,31,36,39] or antioxidant 

[28,29,37,38] properties. Anticholinesterase [29] 

and ocular allergy [32] of Marrubium EOs are 

also investigated. 

Because is the most representative among 

the genus Marrubium, more widespread and 

introduced elsewhere [12], M. vulgare will be 

discussed in a separate paper. Its chemical 

composition and biological activity are well 

documented overall the world and widely studied 

by several researchers.  

This paper is not intended to be an 

exhaustive review, but rather to present an 

overview of scientific knowledge on chemical 

composition and biological activities of 

Marrubium essential oils (except M. vulgare) 

described until now. Because methods of 

extraction of essential oils from medicinal plants 

affect substantially both chemical compounds and 

composition of the essential oil, the extraction 

procedures applied for their isolation will be 

discussed  as well as conventional methods and 

innovative techniques; followed by the 

quantification of oil separated from various 

species of Marrubium in term of yields, this 

constitutes the first section of the review. The 

second section discusses the chemical 

composition focusing on the main constituents. 

Generally, these components are grouped in five 
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groups namely monoterpene hydrocarbon, 

oxygenated monoterpene, sesquiterpene 

hydrocarbon, oxygenated sesquiterpene, the other 

constituents are combined in a single class. The 

last section deals with biological activities, 

including (i) antioxidant activity by considering 

assays used, (ii) antimicrobial activity with 

particular attention to microorganism testing and 

antimicrobial testing methods, and (iii) other 

activities were also presented according to 

available data such as allergic conjunctivitis and 

anticholinesterase activity. In addition, further 

investigations and studies are suggested. 

 

Progress on the extraction methods of  

essential oils 

Isolation of essential oils 
Essential oils isolation is performed in 

accordance with International Organization for 

Standardization (ISO 9235) that defines them as 

“Product obtained from vegetable raw material-

either by distillation with water or steam, or from 

the epicarp of citrus fruits by a mechanical 

process, or by dry distillation” [44]. Also, 

according to ISO 9235 “Essential oils may 

undergo physical treatments (e.g., re-distillation, 

aeration) that do not involve significant changes 

in their composition”.  

The amount of essential oil produced 

depends on four main criteria: the length of 

distillation time, temperature, operating pressure, 

and, most importantly, the type and quality of the 

plant material [1]. Due to the cost of energy and 

time and environmental impact of essential oils 

extraction by conventional methods, new 

technologies were developed with more efficient 

extraction processes (reduction of extraction time 

and energy consumption, increase of extraction 

yield, improvement of essential oils quality [1]). 

Thus, many microwave methods were proposed 

and patented. Supercritical fluid extraction (SFE), 

microwave-assisted extraction (MAE) and 

pressurized solvent extraction (PSE) are fast and 

efficient unconventional extraction methods 

developed for extracting analytes from solid 

matrixes, summarize Kaufmann, B. and  

Christen, P. [45]. Advantages and disadvantages 

of some of conventional methods and innovative 

techniques were discussed by Scheffer, J.J.C. [7]. 

Since the description of Clevenger 

apparatus for the determination of volatile oil, all 

Marrubium species studied were subjected for the 

distillation method (Table 1). In this way, dried 

areal parts of plants were water (hydrodistillation 

(HD)) or steam (steam distillation (SD)) distilled 

for 1 to 5 hours. 

Extraction yield 
The very low yield (0.01%) was obtained 

from M. parviflorum Fisch. and Mey. Subsp. 

Oligodon (Boiss.) Seybold in Turkey [41] and M. 

aschersonii in Tunisia [27]; the highest (0.91%) 

from M. astracanicum Jacq. in Iran [20] (Table1).   
 

 

Table 1 

Extraction of Marrubium EOs. 

Marrubium specie Plant part Extraction method Yield (%) Country Ref. 

M. bourgaei ssp. caricum  

P.H. Davis 

Air-dried 

aerial parts 

Hydrodistillation 

Clevenger type (3h) 
- Turkey [16] 

M. bourgaei Boiss. ssp. bourgaei 
Powdered 

aerial parts 

Water distillation 

Clevenger type (3h) 
0.4 Turkey [17] 

M. anisodon C. Koch 
Air-dried 

Aerial parts 

Hydrodistillation 

Clevenger type (3h) 
- Turkey [18] 

M. cuneatum Russel 

Air-dried 

aerial parts 

flowering stage 

Water steam distillation 

All-glass apparatus 
0.15 Iran [19] 

M. astracanicum Jacq. 

Dried 

aerial parts 

flowering stage 

Hydrodistillation 

Clevenger type (5h) 
0.91 Iran [20] 

M. parviflorum  

Fisch. and C. A. Mey. 

Air-dried 

aerial parts 

flowering stage 

Hydrodistillation 

Clevenger type (3h) 
0.08 Iran [21] 

M. astracanicum Jacq. 
Air-dried 

aerial parts 

Hydrodistillation 

Clevenger type (4h) 
0.33 Iran [22] 

M. anisodon C. Koch 
Dried 

aerial parts 

Hydrodistillation 

Clevenger type (3-4h) 
0.7 Iran [23] 

M. propinquum  

Fisch. and C.A. Mey. 

Dried 

aerial parts 

Hydrodistillation 

Clevenger type (3-4h) 
0.8 Iran [23] 
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Continuation of Table 1 

Marrubium specie Plant part Extraction method Yield (%) Country Ref. 

M. crassidens Bioos. 

Air-dried 

aerial parts 

flowering stage 

Hydrodistillation 

Clevenger type modified (4h) 
0.26 Iran [24] 

M. astracanicum Jacq. 

Air-dried 

aerial parts 

flowering stage 

Hydrodistillation 

Clevenger type modified (4h) 
0.19 Iran [24] 

M. crassidens Boiss. 

Air-dried 

aerial parts 

flowering stage 

Hydrodistillation 

Clevenger type (3h) 
0.2 Iran [25] 

M. persicum C.A. Mey. (HD) 

Air-dried 

aerial parts 

flowering stage 

Hydrodistillation 

Clevenger type (4h) 
0.23 Iran [26] 

M. persicum C.A. Mey.  

(HS-SPME) 

Powdered 

aerial parts  

flowering stage 

Headspace Solid-Phase 

Microextraction 
- Iran [26] 

M. persicum C.A. Mey. (SFME) 

Dried 

ground aerial 

parts 

Solvent-Free Microwave 

Extraction 
0.23 Iran [26] 

M. persicum C.A. Mey. (MAHD) 
Dried 

aerial parts 

Microwave Assisted 

Hydrodistillation 

Microwave oven 

0.30 Iran [26] 

M. aschersonii Magnus 
Dried aerial 

parts 

Hydrodistillation 

Clevenger type (2h) 
0.01 Tunisia [27] 

M. deserti 
Dried 

aerial parts 

Hydrodistillation 

Clevenger type (4h) 
0.02 Algeria [28] 

M. deserti de Noé 

Dried 

aerial parts 

flowering stage 

Hydrodistillation 

Clevenger type (4h) 
0.15 Algeria [29] 

M. thessalum Boiss. and Heldr. 

Air-dried 

aerial parts 

flowering stage 

Hydrodistillation 

Clevenger type modified (4h) 
0.03 Greece [30] 

M. duabense Murata 
Air-drying 

floral and leaves 

Hydrodistillation 

Clevenger type (4h) 
0.1 Iran [31] 

M. cylleneum Boiss. and Heldr. Aerial parts Steam distillation (3h) 0.16 Greece [32] 

M. velutinum Sm. 
Air-dried whole 

flowering stems 
Steam distillation (3h) 0.03 Greece [33] 

M. peregrinum L. (1) 
Air-dried whole 

flowering stems 
Steam distillation (3h) 0.07 Greece [33] 

M. peregrinum L. (2) 
Air-dried whole 

flowering stems 
Steam distillation (3h) 0.07 Greece [33] 

M. deserti 
Floral and 

leaves 

Steam distillation 

Laboratory apparatus (4h) 
- Algeria [34] 

M. persicum C. A. Mey. 

Air-dried 

aerial parts 

flowering stage 

Hydrodistillation 

Clevenger type (5h) 
- Iran [35] 

M. cuneatum Banks and Solander 
Air-dried 

aerial parts 

Hydrodistillation 

European pharmac (3h) 
0.19 Lebanon [36] 

M. globosum Montbr. and Auch. 
Air-dried 

aerial parts 

Hydrodistillation 

European pharmacopoeia (3h) 
0.13 Lebanon [36] 

M. globosum subsp. globosum 
Air-dried 

ground plant 

Water distillation 

British-type Clevenger (3h) 
0.02 Turkey [37] 

M. peregrinum L. (no. 1) Air-dried plant 
Hydrodistillation 

European pharmacopoeia (3h) 
0.11 Serbia [38] 

M. peregrinum L. (no. 2) Air-dried plant 
Hydrodistillation 

European pharmacopoeia (3h) 
0.09 Serbia [38] 
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Continuation of Table 1 

Marrubium specie Plant part Extraction method Yield (%) Country Ref. 

M. peregrinum L. (no. 3) Air-dried plant  
Hydrodistillation 

European pharmacopoeia (3h) 
0.14 Serbia [38] 

M. incanum Desr. 
Air-dried 

flowering stage 

Hydrodistillation  

European pharmacopoeia 
0.05 Serbia [39] 

M. parviflorum Fisch. and Mey. 

subsp. oligodon (Boiss.) Seybold 

Dried  

aerial parts 

Water distillation 

Clevenger type (3h) 
0.01 Turkey [41] 

M. astracanicum Jacq 
Air-dried leaves 

flowering stage 

Steam distillation 

Glass apparatus (1h) 
0.25 Iran [42] 

M. incanum Desr. 

Dried in oven (30°C) 

aerial parts 

flowering stage 

Steam distillation (3h) 

Deryng apparatus 
0.04 Poland [43] 

 
 

Hamedeyazdan, S. et al. [35] obtained a very 

small quantity of essential oil from the aerial parts 

of M. persicum by hydrodistillation which made 

the authors increase the distillation time until 5h 

and use xylene as an absorbing medium. Also, 

Demirci, B. et al. [16] and Kirimer, K. et al. [18] 

resort to the use of n-hexane to recover the 

essential oil by trapping, due to the poor yield of 

oil from air-dried aerial parts of M. bourgaei ssp. 

carcicum P.H. Davis and M. anisodon 

respectively, were all subjected to 

hydrodistillation for 3 h. 

These values confirm the hypothesis of 

Lawrence, according to which Labiatae genera 

with tricolpate pollen grains are oil-poor [15]. 

First of all, there are two main pollen types in 

Labiatae: tri- and hexacolpate [46], secondly, the 

pollen grains of subfamily Lamioideae are 

inoperculate and usually tricolpate [13], and then 

most species of Marrubium genera belonging to 

Lamiaceae (Labiatae) family are tricolpate pollen 

[13,14]. Mohammadhosseini, F. did not found any 

difference between the EO’s yield extracted from 

M. persicum by using classical or advanced 

methods [26]. In a review of Kaufmann, B. and 

Christen, P., it is demonstrated that extraction 

yields of the analytes by using techniques 

involving microwave assisted extraction and 

pressurized are equivalent to or even higher than 

those obtained with conventional methods [45]. 

On the other hand, Chemat, F. and Cravotto, G. 

stated that, the yield of EOs from plants is 

between 0.005% and 10% [1]. 

 

Chemical composition  

Essential oils are considered as secondary 

metabolites, which occur in some species but not 

others. Like all substances, they are characterized 

by an analytic and highly variable chemical 

composition. Most components isolated within 

essential oils are poly-molecular (i.e. composed of 

a wide variety of compounds). In addition to the 

major compounds (generally between 2 and 6), 

there are minor compounds and a certain number 

of constituents in the form of traces. These 

constituents belong, almost exclusively, to two 

groups characterized by distinct biogenetic 

origins: the terpenoids group (terpenic 

compounds) and the group of aromatic 

compounds (phenylpropanoids) derived from 

phenylpropene, much less common [3]. They may 

also contain various products derived from 

degradative processes involving non-volatile 

constituents [4]. 

The structure of terpenoid compounds 

consists of several “isoprene” units, the universal 

five-carbon building block, on which is often 

present one or more similar or different functional 

groups, mostly being oxygenated sites with one or 

more oxygen atoms (O), and some nitrogen (N) or 

sulphur (S) functional groups . This isoprene is 

the basis of the concept of the “isoprene rule” 

enunciated in 1953 by Ruzicka, L. [47]. This rule 

considers isopentenyl diphosphate (IPP), referred 

to as active isoprene, as the true precursor of the 

terpene molecule. 

Essential oil phenylpropanoids are derived 

from phenylalanine; the phenylpropane skeletal 

compounds are derived from the latter, 

synthesized via the shikimate pathway [3]. 

According to the same authors, this group 

provides indispensable and significant flavour and 

odour to the oil, when present. 

Chemical composition related to the main 

constituents 

Between fourteen (M. crassidens [25]) and 

one hundred thirty nine (M. parvoflorum [41]) 

components of the essential oil of Marrubium 

species were identified and those identified 

account for about 99.81% (M. incanum [43]) to 

86.33% (M. cylleneum [32]) of total oil contents. 

Some of them (germacrene D, β-caryophyllene, 

caryophyllene oxide, bicyclo-germacrene and 

spathulenol) are generally considered as either 
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main or minor constituents in EO of Marrubium 

species (Table 2). A major constituent of one 

species may not be for another species. 

Germacrene D is one of the most common 

sesquiterpenes found in the oils of Marrubium 

genus except for some species as well as M. 

bourgaei [17], M. duabense [31], M. velutinum 

Sm and M. peregrinum [33], M. astracanicum 

Jacq [42] and M. astracanicum [22].  

It is considered as the main component of M. 

deserti [28], M. anisodon [23], M. incanum [43], 

M. cuneatum [36], and one of the main 

constituents of M. incanum [39], M. peregrinum 

[38,40], M. parviflorum [21,41], M. propinquum 

[23], M. astracanicum [24], M. crassidens 

[24,25], M. thessalum [30], M. persicum [26,35], 

M. cuneatum Russel [19] and M. deserti [29,34]. 

In other species, the amount of this compound is 

small and/or in the form of trace.  

A very low percentage (0.1%) was found in the 

EO of M. persicum C.A. Mey. obtained by 

headspace solid-phase microextraction method 

(HS-SPME) [26] and in M. globosum Montbr. and 

Auch. (0.3%) [36]. Low quantities were found in 

M. persicum C.A. Mey. obtained by microwave 

assisted hydrodistillation technique (MAHD) 

(6.1%) [26], M. peregrinum (2) (4.81%) [33],  

M. cylleneum (3.68%) [32], M. astracanicum 

(1.4%) [20] and M. anisodon (1%) [18]. 

 

 

Table 2 

Main constituents (in %) of Marrubium species EO. 
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M. bourgaei ssp. 

caricum P.H. Davis 
10.3 3.6 23.2 7.4 1.3 

(Z)-β- Farnesene (13.5) 

Carvacrol (12.5) 
[16] 

M. bourgaei Boiss. 

ssp. bourgaei 
- 3.8 - - - 

Hexadecanoic acid (33.3) 

Hexahydrofarnesyl acetone (6.4) 

Heptacosane (4.8) 

[17] 

M. anisodon C. Koch 1.0 1.5 13.3 - - 
(Z)-β-Farnesene (20.2) 

Nonacosane (18.5) 
[18] 

M. cuneatum Russel 24.1 - 2.2 37.9 4.8 Limonene (3.7) [19] 

M. astracanicum 

Jacq. 
1.4 1.6 0.7 - 2.5 

Methylcyclopentane (15.5) 

Thymol (10.6) 

n-Heptane (7.4) 

[20] 

M. parviflorum 

Fisch. and C.A. Mey. 
21.5 1.8 15.6 26.3 2.2 - [21] 

M. astracanicum 

Jacq. 
- 2.4 21.2 4.8 3.2 

Valeranone (5.4) 

6,10,14-Trimethyl-2-pentadecanone 

(4.2) 

[22] 

M. anisodon C. Koch 44.2 6.6 10.4 0.4 - 
α-Pinene (15) 

Limonene (5) 
[23] 

M. propinquum 

Fisch. and C.A. Mey. 
15.8 - 20.1 0.9 - (E)-β-Farnesene (43.8) [23] 

M. crassidens 14.2 4.6 29.0 14.2 5.6 - [24] 

M. astracanicum 

Jacq. 
23.4 - 0.9 11.9 6.8 α-Humulene (33.7) [24] 

M. crassidens Boiss. 12.9 11.1 20.3 7.5 5.6 
Cubenol (11.0) 

Hexadecanoic acid (8.1) 
[25] 

M. persicum 

C.A. Mey. (HD) 
0.7 2.8 7.4 - 19.5 

α-Thujene (17.4) 

α-Pinene (21.5) 

δ-Elemene (7.5) 

[26] 

M. persicum 

C.A. Mey.  

(HS-SPME) 

0.1 8.4 14.0 - 2.1 

δ-Elemene (16.9) 

Eugenol (11.2) 

Methyl eugenol (10.2) 

[26] 
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Continuation of Table 2 
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M. persicum  

C.A. Mey. (SFME) 
9.5 3.4 6.1 - 25.4 

α-Pinene (17.4) 

δ-Elemene (6.8) 

Methyl eugenol (6.4) 

[26] 

M. persicum  

C.A. Mey. (MAHD) 
6.1 13.1 8.0 - 8.1 

δ-Elemene (12.4) 

Camphene (8.5) 

α-Selinene (7.2) 

[26] 

M. aschersonii 

magnus 
0.5 - 2.4 - 0.4 

β-Bisabolene (22.0) 

α-Thujene (10.3) 

Eugenol (10.1) 

α-Humulene (6.2) 

[27] 

M. deserti 45.7 1.6 - 1.2 - 

β-Bourbonene (4.0) 

α-Terpinolene (3.9) 

Δ-Cadinene (3.8) 

[28] 

M. deserti de Noé 7.91 0.90 1.32 2.84 0.96 

Tetracosane (31.11) 

Δ-Cadinene (6.52) 

α-Cadinol (6.26) 

t-Cadinol (5.81) 

[29] 

M. thessalum  

Boiss. and Heldr. 
15.3 21.7 17.6 2.0 - 

β-Bisabolene (12.6) 

trans- β-Farnesene (8.1) 
[30] 

M. duabense Murata - 1 - 6.01 1.08 

Limonene (33.53) 

α-Terpineol (10.78) 

trans-Caryophyllene (8.25) 

β-Elemene (6.37) 

[31] 

M. cylleneum  

Boiss. and Heldr. 
3.68 36.54 10.85 - 9.44 

2-Pentadecanone-6, 10, 14-trimethyl 

(5.36) 

Viridiflorol (4.20) 

[32] 

M. velutinum Sm - - 24.25 3.28 0.79 

γ-Muurolene (27.78) 

β-Caryophyllene oxide (6.03) 

(E)-β- Farnesene (4.42) 

[33] 

M. peregrinum L. (1) - - - 11.03 3.05 

(E)-β- Farnesene (24.16) 

(Z)-β- Farnesene (16.47) 

epi-Bicyclosesquiphellandrene (12.31) 

[33] 

M. peregrinum L. (2) 4.81 - - 4.81 1.52 

(E)-β- Farnesene (21.49) 

(Z)-β- Farnesene (12.04) 

γ-Muurolene (9.68) 

[33] 

M. deserti 7.02 - - - - 

Δ-Cadinene (17.63) 

6,10,14-Trimethylpentadeca-2-one 

(4.61) 

9-Methyl-undec-1-ene (4.17) 

[34] 

M. persicum 

C.A. Mey. 
10.5 2.1 7.4 1.3 0.5 

m-Tolualdehyde (19.2) 

Acetophenone (14.6) 

β-Farnesene (6.2) 

[35] 

M. globosum 

Montbr. and Auch. 
0.3 4.5 12.4 - 5.2 

Hexadecanoic acid (7.4) 

(E)-β-Farnesene (5.8) 
[36] 

M. cuneatum  

Banks and Solander 
15.6 6.2 5.2 5.2 6.5 

Hexadecanoic acid (6.5) 

p-Methoxyacetophenone (5.4) 
[36] 

M. globosum subsp. 

globosum 
6.5 7.9 9.0 3.1 15.8 - [37] 

M. peregrinum L. 

(no. 1) 
6.79 4.23 13.20 7.63 5.18 

1-Octen-3-ol (4.88) 

γ-Muurolene (5.59) 
[38] 
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M. peregrinum L. 

(no. 2) 
8.56 3.73 14.34 6.42 5.68 

γ-Muurolene (5.56) 

1-Octen-3-ol (5.08) 
[38] 

M. peregrinum L. 

(no. 3) 
9.05 4.98 17.99 9.80 3.76 

(E)-β- Farnesene (5.08) 

(Z)-β-Farnesene (5.12) 

γ-Muurolene (6.26) 

[38] 

M. incanum Desr. 26.2 3.5 - 11.5 2.0 

(E)-Caryophyllene (27.0) 

α- Humulene (4.4) 

α-Copaene (4.2) 

[39] 

M. peregrinum L. 28.1 - 31.3 15.3 1.2 Hexadecanoic acid (10.4) [40] 

M. parviflorum 

Fisch. and Mey. 

subsp. oligodon 

(Boiss.) Seybold 

11.1 1.0 10.0 - 1.4 
Hexadecanoic acid (15.4) 

(E)-β-Farnesene (7.3) 
[41] 

M. astracanicum 

Jacq. 
- 35.8 13.1 - - 

Citronellal (16.9) 

Geranyl acetate (4.9) 
[42] 

M. incanum Desr. 30.44 0.73 - 1.06 t 

E-Caryophyllene (26.37) 

α-Cadinol (17.21) 

α-Humulene (10.78) 

[43] 

 

 

β-Caryophyllene is the second important 

sesquiterpenes component in the Marrubium 

EO’s. It is considered as the major constituent in 

M. peregrinum [38,40], M. crassidens [24,25],  

M. bourgaei [16], M. astracanicum [22],  

M. globosum [36]. Highest content was also found 

in M. velutinum [33], M. propinquum [23],  

M. thessalum [30], M. parviflorum [21,41],  

M. persicum [26,35], M. anisodon [18,23],  

M. astracanicum [42], M. cylleneum [32],  

M. globosum [37]. A smaller content was found in 

M. astracanicum [20,24]. However, it is absent in 

some species as well as M. bourgaei [17],  

M. duabense [31], M. incanum [39,43],  

M. peregrinum [33], M. deserti [28,34].  

The third representative component found 

in EO of Marrubium was spathulenol, an 

oxygenated sesquiterpene which arises from the 

C5-C10 cyclization of the aromadendrane 

skeleton. The largest amounts of this compound 

were found in M. globosum [37], M. persicum 

C.A. Mey. (by HD and solvent-free microwave 

extraction (SFME)) [26], M. cylleneum [32], M. 

astracanicum [24], while the weakest percentages 

were found in M. incanum [43], M. aschersonii 

[27], M. persicum [35], M. velutinum [33], M. 

deserti [29]. This compound was not found in 

other studied species [17,18,23,28,30,34,42].  

Caryophyllene oxide and bicyclo-

germacrene were other main constituents of some 

Marrubium EOs. Caryophyllene oxide was 

identified as the major compound of M. cylleneum 

[32], M. astracanicum [42], M. thessalum [30],  

M. persicum C.A. Mey. (MAHD) [26], while 

bicyclo-germacrene in M. cuneatum [19],  

M. parviflorum [21]. These compounds were all 

absent in M. aschersonii [27] and M. deserti [34].  

The rule of Lawrence [15], of which  

β-caryophyllene and germacrene D are the main 

constituent of oils isolated from Labiatea genera 

with tricolpate pollen grains is not confirmed in 

some Marrubium genera. Kurkcuoglu, M. et al. 

reported that the major compounds of the 

essential oil of M. bourgaei were hexadecanoic 

acid (33.3%), hexahydrofarnesyl acetone (6.4%) 

and heptacosane (4.8%) [17]. The study 

performed by Hamdaoui, B. et al. revealed that  

β-bisabolene (22.0%), α-thujene (10.3%) and 

eugenol (10.1%) were the main constituents of the 

EO isolated from M. aschersonii [27]. In the oil of 

M. duabense, limonene (33.53%), α-terpineol 

(10.78%), trans-caryophyllene (8.25%) and  

β-elemene (6.37%) dominated [31]. Kirimer, K.  

et al. showed that the important compounds of the 

EO of M. anisodon were (Z)-β-farnesene (20.2%), 

nonacosane (18.5%) and β-caryophyllene (13.3%) 
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[18]. According to Lazari, D.M. et al.,  

the essential oil of two different populations  

of M. peregrinum contained (E)-β-farnesene  

(21.49-24.16%) and (Z)-β-farnesene  

(12.04-16.47%) as main compounds [33].  

The GC-MS analysis of the EO of M. deserti 

revealed the presence of tetracosane (31.11%), 

germacrene D (7.91), Δ-cadinene (6.52%),  

α-cadinol (6.26%), t-cadinol (5.81%) as the main 

constituents [29]. Methylcyclopentane (15.5%), 

thymol (10.6%), n-heptane (7.4%) were the most 

representative components in the EO of  

M. astracanicum [20]. In M. propinquum,  

(E)-β-farnesene (43.8%) is by far the most 

common component [23]. Thus, the main 

components vary from oil to oil and the variation 

in occurrence of certain compounds in a plant is a 

function of any one of, or a combination of, three 

factors: genetically determined properties, the age 

of the plant, and the environment [5]. Sarikurkcu, 

C. et al. indicates that the composition of any 

plant essential oil studied is influenced by the 

presence of several factors, such as local, climatic, 

seasonal and experimental conditions [37].  

But, according to Franz, K.H.C. and  

Novak, G., the dissimilarities due to genetically 

differences are much bigger than by different 

environmental conditions [6]. Iranian  

authors attribute the variation of oil components 

of Marrubium species (M. astracanicum,  

M. crassidens, M. persicum) growing in  

different provinces of Iran to the collection time, 

drying conditions, extraction methods, 

chemotypes, geographic and edaphic and  

climatic factors [20,24,35]. In Algeria,  

Chebrouk, F. et al. assign the absence of 

monoterpene in the extracted oil from M. deserti 

from septentrional east Sahara to the  

abiotic factors such as specific climate of the 

region and the geographic factors as  

altitude and soil [34]. According to 

Hamedeyazdan, S. et al., these factors could 

influence the biosynthetic pathways of plants,  

the relative proportion of the main  

characteristic compounds of the EO as the 

secondary metabolites would be variable [35]. 

On the other hand, Mohammadhosseini, F. 

studied the chemical composition of the  

essential oils and volatile fractions from  

M. persicum by using classical (hydrodistillation) 

and advanced (headspace solid-phase 

microextraction, microwave assisted 

hydrodistillation and solvent-free microwave 

extraction) methods [26]. In this study, 

sesquiterpene hydrocarbons were recognized as 

the most frequent groups of natural  

compounds in the profiles of the advanced 

approaches, whereas in the traditional  

one monoterpene hydrocarbons were found to be 

the dominant constituting group.  

Scheffer, J.J.C. argued that methods used to 

isolate essential oils may give rise to varying 

compositions; thus, for example, a long  

lasting distillation may influence the  

composition of the oil isolated,  

because isomerization, saponification and other 

reactions may occur under distillation  

conditions [7].  

Some of major compounds of EO of 

Marrubium species are presented (Figure 1). 

These structures vary according to: number of 

isoprene units present in the molecule 

(hemiterpenes “C5”, monoterpenes “C10”, 

sesquiterpenes “C15”), rarely diterpenes “C20”; 

saturated or unsaturated nature of the bonds; their 

arrangement, linear or cyclic; spatial 

configuration (chair form, boat form) and nature 

of the functional groups, terpene alcohols  

(R - OH), ketones (R1 - CO - R2), phenols  

(C6H6 - OH), aldehydes (R - CHO), esters  

(R1 - COO - R2), ethers (R1 - O) [4]. 

Grouped constituents of essential oils 

As shown in Table 3, sesquiterpenoids  

were the dominant fraction in Marrubium EOs, 

which is in accordance with Lawrence hypothesis 

[15], except for M. duabese [31] and  

M. persicum (HD) [26]. Monoterpenes were 

present in appreciable [26] or in trace amounts 

[39]; in some species (M. thessalum [30],  

M. crassidens [25] and M. deserti [34]) they were 

totally absent. Both types of terpenoids  

were characterized by the predominance of 

hydrocarbon fractions with some  

differences according to plant species. Marrubium 

genus seems to produce oils that are  

rich in hydrocarbon compounds, with  

sesquiterpenes forming the major part [28].  

In sesquiterpenoids group components, 

hydrocarbons related to oxygenated functional 

groups predominated. Their content varies  

from 92.8% (M. propinquum) [23] to  

20.9% (M. persicum C.A. Mey. (HD)) [26], while 

oxygenated forms varies from 32.4%  

(M. crassidens) [25] to 0.8% (M. aschersonii) 

[27]. In monoterpenoids, hydrocarbons form the 

totality in M. crassidens [24], M. astracanicum 

[24] and M.deserti [28]; it ranges from 43.7%  

(M. persicum C.A. Mey. (HD)) [26] to  

0.8% (M. incanum) [43], when oxygenates range 

from 14.0% (M. aschersonii) [27] to  

0.5% (M. parviflorum) [21] or trace amount  

(M. incanum) [39].  
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Figure1. Structure of some major compounds of EO of Marrubium species. 

 

 

Table 3  

Grouped components of EO of Marrubium species (%). 

Marrubium species MH
a
 OM

b 
SH

c
 OS

d 
Other Ref. 

M. cuneatum Russel 7.8 - 78.9 - - [19] 

M. parviflorum Fisch. and C.A. Mey. 11.4 0.5 72 5.8 - [21] 

M. astracanicum Jacq - - 54.3 - - [22] 

M. anisodon C. Koch 21.3 3.5 62.2 6.6 - [23] 

M. propinquum Fisch. and C.A. Mey. 2.6 0.6 92.8 - - [23] 

M. crassidens Bioos. 2.8 0 74.0 13.4 - [24] 

M. astracanicum Jacq. 3 0 72.3 13.4 - [24] 
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Continuation of Table 3  

Marrubium species MH
a
 OM

b 
SH

c
 OS

d 
Other Ref. 

M. crassidens Boiss. 0 0 44.5 32.4 14.8 [25] 

M. persicum C.A. Mey. (HD) 43.7 2.2 20.9 26.7 1.1 [26] 

M. persicum C.A. Mey. (HS-SPME) 13.7 12.8 41.3 10.5 21.4 [26] 

M. persicum C.A. Mey. (SFME) 22.0 6.8 33.2 29.6 7.2 [26] 

M. persicum C.A. Mey. (MAHD) 24.1 4.1 45.1 22.1 3.8 [26] 

M. aschersonii Magnus 12.3 14.0 37.3 0.8 15.1 [27] 

M. deserti 5.1 0 67.5 0 - [28] 

M. deserti de Noé 4.32 9.26 33.85 16.45 35.84 [29] 

M. thessalum Boiss. and Heldr. 0 0 60 29.6 10.4 (miscellaneous) [30] 

M. duabense Murata 33.53 7.9 25.24 2.08 - [31] 

M. velutinum Sm - 1.06 71.73 10.74 - [33] 

M. peregrinum L. (1) - 5.58 73.05 6.95 - [33] 

M. peregrinum L. (2) - 5.34 65.63 6.23 - [33] 

M. deserti 0 0 57.75 0 42.25 [34] 

M. persicum C.A. Mey. 9 1.2 27.9 4.8 - [35] 

M. peregrinum L. (1) 3.20 6.68 49.10 11.84 12.84 [38] 

M. peregrinum L. (2) 3.37 6.88 52.28 10.94 14.13 [38] 

M. peregrinum L. (3) 3.63 7.93 62.71 11.00 10.88 [38] 

M. incanum Desr. - traces 84.1 9.3 2.9 [39] 

M. incanum Desr. 0.8 4.77 76.35 21.16 - [43] 
a
 Monoterpene hydrocarbon; 

b
 Oxygenated monoterpene; 

c
 Sesquiterpene hydrocarbon; 

d
 Oxygenated sesquiterpene. 

 
 

Biological activities 

Synthetic products widely used, both in 

medication and in the food industry, raise 

currently several questions as to their efficiency 

and safety. If in the first case the development of 

resistance of microorganisms to various 

antibiotics is of concern to medical specialists,  

the use of additives such as antioxidants is 

suspected to have adverse effects on the health of 

consumers. EOs are beginning to raise a  

lot of interest as a potential source of bioactive 

natural molecules. They are being studied  

for their possible use as an alternative to  

synthetic products. The effectiveness of EO has 

been attributed mainly to the presence of 

bioactive compounds in their composition. 

According to Nagy, M. and Svajdlenska, E.,  

the difference in chemical composition of EOs of 

Marrubium species may cause an important 

change in the biological activities of oils [40].  

Antioxidant activity 

Only three species of Marrubium were 

investigated for their EO’s antioxidant activities. 

The first study on the antioxidant activity of the 

members of Marrubium was conducted on  

M. globosum [37]. The two other species were 

carried out on M. deserti [28,29] and on M. 

peregrinum [38]. 

The antioxidant effect of EOs of  

M. globosum was determined by three different  

in vitro assays namely 1,1-diphenyl-2-

picrylhydrazyl (DPPH), β-carotene/linoleic acid 

and reducing power [37]. In this study, the 

antiradical dose required to reduce 50%  

of the free radical (EC50 of DPPH) was 

1203.38±7.18 µg/mL, which was considered very 

weak compared to the positive control butylated 

hydroxytoluene (BHT) (55.48±0.87 µg/mL), also, 

the EC50 value of reducing power assay, 

4315.80±2.54 µg/mL, was very weak compared to 

BHT (171.26±1.11 µg/mL). In β-carotene/linoleic 

acid this EOs showed the weakest activity 

potential, too. In this test system, the % inhibition 

capacity of the EOs (79.26±1.46%) was found 

inferior to the inhibition capacity of the positive 

control BHT (97.44±0.74%). According to this 

study, the polar sub-fraction of the methanol 

extract exerted the strongest antioxidant activity, 
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when compared with the EO one, which is almost 

equal to BHT and could be used in the food 

industry and other fields which are processing 

natural products [37]. 

The antioxidant activity of M. deserti EOs 

from Algerian species were evaluated using three 

in vitro assays: scavenging effect on DPPH, the 

2,2’-azino-bis-3-ethylbenzthiazoline-6-sulphonic 

acid (ABTS) test and the phosphomolybdenum 

method [28] and β-carotene-linoleic acid, DPPH 

free radical scavenging, and CUPRAC (cupric 

reducing antioxidant capacity) assays [29]. The 

results of these studies showed that the essential 

oils of M. deserti exhibited a remarkable 

antioxidant activity and significant reducing 

power compared with the standard antioxidants 

such as butylated hydroxyanisole (BHA), BHT,  

α-tocopherol and ascorbic acid. The concentration 

of M. deserti oil resulting in a 50% inhibition of 

the DPPH free radical scavenging activity  

(IC50) was 22.3 μg/mL. In the ABTS assay,  

the antioxidant activity was 8.93 mM  

expressed as Trolox equivalents and in the 

phosphomolybdenum method, the total 

antioxidant activity of the essential oil was  

0.70 mM expressed as α-tocopherol equivalents 

[28]. In the β-carotene-linoleic acid assay, the oil 

exhibited good lipid peroxidation inhibition 

activity, demonstrating 76.81±0.59% at  

200 μg/mL concentration. In DPPH and CUPRAC 

assays, however, the essential oil showed weak 

activity [29]. Authors stipulate that this oil may be 

suggested for furthe use as a natural additive in 

food and pharmaceutical industries. 

M. peregrinum EOs from three different 

localities (Rimski sanac - no. 1, Novi Knezevac - 

no. 2 and Senta - no. 3) of Serbia were evaluated 

for their antioxidant properties by Kaurinovic, B. 

et al. [38]. The free radical scavenging capacity 

(RSC) was assessed measuring the scavenging 

activity of EOs on DPPH, O2• ,̶ NO• and OH• 

radicals; the xanthine-oxidase activity (XOD) was 

determined by the nitric method and effects on 

lipid peroxidation (LP) were evaluated by 

following the activities of EOs in the 

Fe
2+

/ascorbate induction system. Results showed 

that all samples expressed strong antioxidant 

effects, with the best effect on DPPH radical from 

that of Senta locality, with IC50 values as 

follows: 13.48; 13.41 and 11.69 µg/mL for  

M. Peregrinum no. 1, no. 2 and no. 3, 

respectively. That of BHT (positive control) was 

14.31 µg/mL. Regarding the O2• ̶  assay, the 

greatest ability was from EO from the Senta  

(no. 1) locality (IC50= 10.82 µg/mL), which is a 

bit weaker compared to BHT (10.46 µg/mL). 

Similar results were obtained from the same 

locality in the NO• method, where the EO 

exhibited the strongest inhibitory effect  

(IC50= 8.81 µg/mL compared to BHT,  

IC50= 8.63 µg/mL). Concerning the deoxyribose 

assay, all the examined EOs from all three 

locations, except those at the lowest concentration 

(0.213 µg/mL), inhibited the degradation of 

deoxyribose greater than BHT (24.12%). The 

highest activity was shown by the EO of  

M. peregrinum from Senta (no. 3) again, 

especially at the concentration of 2.130 µg/mL 

(67.12%) and 1.598 µg/mL (55.18%). The 

antioxidant activities of all three EOs were dose 

dependent. Results of activities of XOD with  

M. peregrinum EO showed that only the EO from 

Senta (no. 3) expressed a stronger protective 

effect than BHT (17.63 vs. 19.23 µg/mL). The 

examined EOs expressed strong antioxidant 

capacity in the LP technique. The largest 

inhibitory activity was exhibited by EO from 

plants collected at Senta locality, too (from 37.02 

to 71.32% of inhibition of LP), greater than BHT 

(26.15%). In conclusion, the authors of this study 

state that EOs of this specie could serve as safe 

antioxidant and antiseptic supplements in 

preventing deterioration of foodstuffs and 

beverages and pharmaceuticals. 

Antimicrobial activity  

Some Marrubium EOs have been shown to 

have moderate antimicrobial activity [29,36,39] or 

negligible [31,36] while other were ineffective 

[28,31]. This difference in microbial activity 

might be attributed to the change of chemical 

composition of EO [31,36,40] and concentrations 

used in tests [29,31,39]. Thus, when comparing 

published data, attention should be drawn to 

methodological differences: selection of plant 

extracts, microorganism testing and antimicrobial 

testing methods. In general, it is the G+ bacteria 

that are most affected by the Marrubium EOs 

especially at high concentrations [31,36,39].  

The EO of M. deserti collected from 

Algerian area steppe had no activity on 

pathogenic bacteria tested (from the American 

Type Culture Collection (ATCC) and consists of 

(Staphylococcus aureus (ATCC 25923), 

Escherichia coli (ATCC 25922), Pseudomonas 

aeruginosa (ATCC 27853)) and yeasts and molds 

(Candida albicans and Aspergillus flavus), at each 

of the three concentration used (EO dilutions in 

ethanol 1/2, 1/5, and 1/10 v/v) [28]. However, EO 

of M. deserti from south Algeria inhibit the 

growth of microorganisms, but at highest 

concentrations; the minimum inhibitory 

concentration was 25 µL/mL for bacteria, 

19 



B. Yabrir / Chem. J. Mold., 2018, 13(2), 8-23 

 

Staphylococcus epidermidis MU 30, Bacillus 

cereus RSKK 863 (Refik Saydam National Type 

Culture Collection), Micrococcus luteus NRRL  

B-4375 (Northern Regional Research Laboratory 

Culture Collection), Streptococcus mutans 

CNCTC 8/77 (Czech National Collection of Type 

Cultures) and for yeasts, Candida albicans ATCC 

10239; it was 50 µL/mL for Staphylococcus 

aureus ATCC 25923 and Bacillus subtilus ATCC 

6633, and it was 80 for Staphylococcus aureus 

ATCC6538P [29].  

According to the study conducted by 

Golmakani, H. et al. in North Khorassan Province 

(Iran), the antibacterial bioassay of M. duabense 

Murata EO shows that only Clostridium 

perfringens was affected by a higher 

concentration while Staphylococcus aureus, 

Salmonella pullorum and Escherichia coli 

displayed no significant growth inhibition [31]. 

This is suspected to be associated with the high 

contents of oxygenated compounds. Authors 

suggest introducing M. duabense as a medicinal 

plant against anaerobic bacteria after larger and 

controlled clinical trials. 

Grassia, A. et al. demonstrated that EO of 

M. cuneatum collected from Lebanon exhibited a 

negligible antimicrobial activity, evaluated by the 

in vitro paper-disk diffusion method, against eight 

selected Gram+ and Gram- bacteria Bacillus 

cereus (PCI 213), Bacillus subtilus (ATCC 6633), 

Staphylococcus aureus (ATCC 25923), 

Streptococcus epidermidis (ATCC 12228), 

Escherichia coli (ATCC 25922), Proteus 

mirabilis (ATCC 12453), Pseudomonas 

aeruginosa (ATCC 27853), Salmonella paratyphi 

A (ATCC 12176), while that of M. globosum ssp 

libanoticum showed a low activity, mostly against 

Gram+ bacteria [36]. The authors attribute this to 

the content in this oil of a good amount of 

caryophyllene and the presence of some other 

components like linalool, α-terpineol, eugenol 

that, even if present in low amounts, may 

synergisticallyincrease the action of carvacrol. 

On the contrary, the study conducted by 

Petrovic, S. et al. revealed that EO of M. incanum 

exhibited antimicrobial activity against all 

microorganisms tested but with some differences 

[39]. These microorganisms consist of four  

G+ bacteria Staphylococcus aureus (ATCC 

25923), S. epidermidis (ATCC 12228), 

Micrococcus flavus (ATCC 10240), Enterococcus 

faecalis (ATCC 29212); three G- bacteria 

Escherichia coli (ATCC 25922), Klebsiella 

pneumonia (NCIMB 9111) (National Collection 

of Industrial, Food and Marine Bacteria), 

Pseudomonas aeruginosa (ATCC 27853) and a 

yeast Candida albicans (ATCC 10259 and ATCC 

24433). The antimicrobial activity was assayed 

using the agar diffusion and broth microdillution 

methods. Results were carried out by measuring 

diameters of zone of inhibitions and by 

determining minimum inhibitory (MIC) and 

minimum microbiocidal (MMC) concentrations. 

According to this study, the best inhibitory and 

bactericidal effect was detected against M. flavus  

(MIC 6.25 µg/mL; MMC 12.5 µg/mL), followed 

by E. coli and K. pneumonia (MIC 12.5 µg/mL; 

MMC 25 µg/mL, both) while S. epidermidis 

appeared to be the most resistant  

(MIC 100 µg/mL; MMC 200 µg/mL). The lowest 

MIC and MMC (6.25 µg/mL and 12.5 µg/mL, 

respectively) was also found against C. albicans 

(ATCC 24433), whereas C. albicans (ATCC 

10259) was less sensitive than for the previous 

one (MIC 12.5µg/mL; MMC 25 µg/mL). The 

authors attribute d the antimicrobial activity of the 

oil, to an appreciable degree, to the presence of 

(E)-caryophyllene. 

Allergic conjunctivitis  

One third of the world population is 

affected by some form of allergic disease and 

ocular involvement is estimated to be present in 

40-60% of this population [48]. Pathophysiology 

of ocular allergies and allergic responses  

are well discussed [48,49]; it involves 

sensitization, activation, mast cell degranulation 

and performed mediators. Histamine is a chemical 

mediator stored in mast cells; it is released  

in the early phase reaction with granulocytes 

degranulation [48]. It plays an important role in 

inflammatory and allergic reactions and  

for the treatment of allergic conjunctivitis, 

antihistamines are used among others [49]. The 

study conducted by Skaltsa, H. et al., showed that 

the EO of M. cylleneum enhances the amount of 

histamine present in the rat conjunctiva by  

acting through a mechanism yet to be identified; 

this increase in histamine may result  

from an increase in the rate of synthesis or  

storage of the amine, which remains to be  

determined [32]. 

Anticholinesterase activity 

The EO of M. deserti was tested for its 

anticholinesterase activities by measuring the 

inhibition activity of acethylcholinesterase (AchE) 

and butyrylcholinesterase (BchE) enzymes using 

the spectrophotometric method [29]. According to 

the authors, the EO was inactive against both 

AchE and BchE, however the methanol extract of 

this species exhibits weak inhibition against both 

enzymes when compared to galantamine, used as 

a standard drug. The importance of 
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acethylcholinesterase and butyrylcholinesterase 

enzymes for human body is highlighted in the 

review of Patočka, J. et al. [50]. 

Antibiofilm formation 

The effect of M. deserti EOs on Bacterial 

biofilm formation of microorganisms 

(Staphylococcus aureus ATCC 25923, 

Staphylococcus aureus ATCC6538P, 

Staphylococcus epidermidis MU 30, Bacillus 

subtilus ATCC 6633, Bacillus cereus  

RSKK 863, Micrococcus luteus NRRL B-4375, 

Streptococcus mutans CNCTC 8/77 and  

Candida albicans ATCC 10239) was tested with a 

microplate biofilm assay by Chemsa, A.E. et al. 

[29]. The results showed that EO at the  

MIC’s inhibited biofilm formations of all 

microorganisms tested in various percentage  

(1, 1/2, 1/4, 1/8 and 1/16 MIC). The highest 

antibiofilm was obtained against C. albicans at  

25 µg/mL (MIC) concentration with 36.31%.  

On the other hand, the authors found that  

the antibiofilm activity of EO on tested strains 

was lower than that of the methanol extract. 

 

Conclusions 
The essential oils of seventeen Marrubium 

species have been studied. Characterization and 

chemical composition analysis identified 

germacrene D, β-caryophyllene, caryophyllene 

oxide, bicyclo-germacrene and spathulenol as 

either main or minor constituents of the 

Marrubium species essential oils. Other identified 

components included hydrocarbon compounds 

and sesquiterpenes.  

The EOs extracted from only three 

Marrubium species, M. globosum, M. deserti and 

M. peregrinum, have been investigated for their 

antioxidant activity. All these oils exhibit a 

greater activity when compared to standard 

antioxidants like BHT.  

Studies have shown that some Marrubium 

EOs have moderate antimicrobial activity  

or negligible, while others were ineffective.  

This difference in antimicrobial activity might  

be attributed to the change of chemical  

composition of EOs and concentrations used in 

tests. The antimicrobial activity of the  

essential oils has been attributed to the  

presence of carvacrol and caryophyllene, and 

some other components like linalool, α-terpineol, 

eugenol that, even if present in low amounts, may 

synergistically increase the action of carvacrol. 

Species of this genus may be regarded as a 

potential source of natural chemical compounds 

and could be used in the fields of food and 

pharmaceutical industries. 
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Abstract. The features of the cement clinker containing rice husk are investigated. The dependence of 

the raw mixture composition on the set product burning characteristics has been analysed using  

the software “CLINKER”. The mixture compositions have been identified on the basis of the  

chalk–clay–rice husk system, with the introduction of man-made stock of 6.0–18.0 mass%. The features 

of the phase composition and the binder properties, by varying the rice husk content, mixture ratio and 

burning temperature were studied. 
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Introduction 

Increased volumes of manageable large-

tonnage wastes from metallurgy, chemical 

industry and agrarian production call for complex 

solving of tasks related to the silicate production 

development for environment and resource 

preservation [1-3]. Solving of these tasks requires 

a corresponding development of scientific and 

technical principles of silicate chemical 

technologies, with the identification of regularities 

regarding the impact of different raw materials 

concentrations on the structure and properties of 

silicate materials [4,5]. 

Stock base expanding in the silicate 

materials production is studied by numerous 

researchers. Moreover, the use of wastes from 

other industries as the technological raw material 

into the processes is emphasized [6-8].  

The largest practical achievement in this field of 

research was the use of nonferrous-metals 

industry wastes, namely blast furnace granulated 

slag and of thermal power sector wastes, namely 

fly ash from thermal power stations as the 

components of slag Portland cement and 

composite cements [9,10]. From among other 

large-tonnage wastes, the rice husk attracts 

attention [11,12]. It is stated that manufacturing of 

1 kg of white rice gives 0.28 kg of rice husk as the 

by-product in the milling process. As a result, 

over 150 million tons of wastes are generated, 

considering an annual global rice production 

capacity of 750 million tons. 

Large volumes of generated and 

accumulated rice production wastes may be 

regarded as hazardous to the environment; this 

emphasizes the urgency of development of new 

methods for waste disposal considering their 

physical and chemical properties and impact on 

characteristics of probable product types. In this 

connection, the application of rice husk in silicate 

productions is of particular interest. In addition, 

the rice husk can be a source of amorphous silica, 

as an activator of physical and chemical processes 

of silicate system structure formation [13-15]. 

This is proved experimentally by published 

scientific reports regarding the impact of rice husk 

additives on brick [16,17], porcelain [18] and 

concrete [19,20] properties. The results of most of 

these studies lead to the conclusion that the use of 

rice husk in manufacturing of silicate materials is 

directed towards its addition to raw compositions 

in the frames of the existing technology. 

However, most of the studies on the use of waste 

from rice production in the technology of 

astringent materials are associated with the 

preliminary thermal treatment of rice husk, the 

study of the properties of rice husk ash and the 

influence of its addition on the properties of 

cement and concrete [21-24]. These works do not 

address the issue of increasing the volume of 

utilization of rice husk as a significant component 

of raw mixtures for the manufacturing of cement 

clinker, and this underlines the actuality of our 

researches in this field. 
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The aim of the research presented in this 

work was to investigate the effect of rice husk on 

phase formation of the raw material mixture 

during burning and on the properties of cement 

clinker. The features of the phase composition and 

the binder properties were studied by varying the 

rice husk content, mixture ratio and burning 

temperature. 

 

Experimental 

Materials 

Chalk (chalk, MD-2 type, Zdolbuniv 

deposit, Rivne area, Ukraine), clay (clay, 

polymineral type, Kryvyn deposit, Rivne area, 

Ukraine) and rice husk (wastes from the 

production of rice, LTD. "Rice of Ukraine", 

Kherson area, Ukraine) were used as  

raw materials. 

The raw mixtures have been prepared by 

dispensing the components by mass, mixing and 

homogenizing in a ball mill, firing and milling of 

the final product in accordance with the modern 

technology of mineral binders. 

Samples of raw mixtures have been 

bubbled in an oven for 15 hours in the range of 

maximum temperatures of 1200°С and 1400°С 

keeping a hold at a maximum of 1.5 hours. All 

samples of the mixtures that have been compared 

were blasted together to exclude the possibility of 

a difference in the degree of heat treatment.  

The properties of the binding material (setting 

time, compressive strength) were determined 

according to standardized procedures [25,26]. 

Methods 

Methods of physical - chemical analysis of 

silicate raw materials and testing of properties of 

astringent substances which were used in this 

work included: 

- chemical composition analysis using 

standardized procedures [27,28]; 

- X-ray diffraction analysis (powder - like 

preparations) using a diffractometer DRON-3M 

(radiation CuKα 1-2, voltage 40 kV, current  

20 mA, speed 2 degrees/min). 

The raw mixtures based on the chalk–clay–

rice husk systems were used in the present study 

to make Portland cement clinker. The chemical 

compositions of the output stock samples  

(Table 1) differ in terms of quantitative content of 

oxides and form the following rows, mass % for: 

- SiO2: chalk < rice husk < clay; 

- Al2O3: clay > chalk and rice husk; 

- CaO:  chalk > clay > rice husk; 

- Fe2O3: clay > chalk and rice husk.  

The main rock-forming mineral of the rice 

husk is the amorphous silica (Figure 1) that  

is confirmed by the X-ray phase analysis [30]. 

 

 

Table 1 

Chemical composition of raw materials (mass %). 

Samples SiO2 Al2O3 Fe2O3 TiO2 CaO MgO SO3 Na2O K2O LOI
**

 

Chalk 0.77 0.25 0.13 - 55.0 0.25 0.08 - - 43.49 

Clay 60.96 15.66 5.57 0.79 3.33 2.04 0.16 0.30 2.70 8.48 

Rice husk
*
 15.64 0.24 0.12 - 0.61 0.45 0.18 0.48 0.28 82 

* 
Correlated with known data [29]; 

** LOI is the loss on ignition. 
 

 
Figure 1. X-ray diffraction of rice husk: v - quartz, х – calcite [30]. 

 

I 
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It is evident that in the studied silicate system, the 

use of clay and rice husk for manufacturing of 

cement clinker will serve as the source of SiO2, 

which is required to create the main clinker 

minerals in the process of burning. However, 

because of different crystallisation levels, the 

crystal β-quartz was introduced into the system 

with the clay, and amorphous silica was 

introduced with the rice husk. 

The calculations and the analysis of raw 

mixtures to obtain Portland cement clinker have 

been performed with the software application 

"CLINKER" according to the recommendations 

for numerical values of the saturation factor (SF), 

and silica n and alumina p modules [31]. The 

basic steps of using the software are as follows:  

1. A table listing chemical compositions of 

possible raw components is entered; 

2. Values of SF and n, p modules are set;  

3. Using the accepted calculation formulas, all 

combinations of two, three or four components 

that guarantee the required performance of the 

clinker are identified. To this end, if a rather large 

raw material base is available, rational 

proportions of components in the output raw 

mixture can be promptly identified. 

 

Results and discussion 

Analysis of raw mixtures containing rice husk 

for clinker production 
The analysis of the obtained results showed 

that the concentration of the rice processing 

wastes as part of raw mixtures within the 

recommended intervals SF depends considerably 

on types and quantitative ratio of other 

components; moreover, an inverse proportional 

dependence exists between the content of wastes 

and saturation factor value (SF). The possible 

content of rice husk may vary within 5.6 to  

18.4 mass % and it increases with the reduced SF 

value and clay quantity in the three-component 

mixture on the chalk–clay–rice husk (Figure 2). 

 

 

 
Figure 2. Correlation between the rice husk 

content (Ch) in the mixture chalk–clay–rice husk 

and the saturation factor (SF) of clinker in the 

silica module: (1) n= 3.0; (2) n= 3.5. 

 
Based on computer calculations,  

3-component raw mixtures were taken for further 

study and for manufacturing the Portland cement 

clinker on the basis of the chalk–clay–rice husk 

system (Table 2). 

The studied mixtures differ in the rice  

husk content and different quantitative ratio of 

other components. Thus, sample 2S differs from 

sample 1S with the less (1.9 against 2.8) 

quantitative ratio of carbonate-containing 

component (chalk) to the sum of alumino- and 

silica-containing (clay and rice husk) components, 

and less quantitative ratio of clay to rice husk  

(0.9 to 3.4). The analysis of the chemical 

composition of the studied mixtures  

proves that when the rice husk content increases, 

sample 2S differs from sample 1S with the less  

content of CaO (47.0 versus 41.2 mass %)  

at a considerable reduction in the quantitative 

ratio CaO:SiO2 (2.75 versus 2.80) and  

definite increase of CaO:Al2O3 (13.1 versus 11.6), 

and reduction in the content of Fe2O3  

and MgO (Table 3).  

 

 

Таble 2 

Composition of raw materials mixtures (mass %). 

Code of mixture Chalk Clay Rice husk 

1S 73.5 20.5 6.0 

2S 66.0 16.0 18.0 

 

 

Тable 3 

Chemical composition of raw mixtures (mass %). 

Code of mixture SiO2 Al2O3 Fe2O3 CaO MgO SO3 LOI 

1S 14.62 3.56 1.31 41.15 0.65 0.11 38.60 

2S 13.47 2.82 1.04 37.04 0.59 0.11 44.93 
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Phase composition and clinker properties in the 

case of using rice husk 

Three-component mixtures with different 

quantitative ratio of the components, different 

values of the clinker performance and phase 

composition were studied. In case of the mixtures 

on the basis of the chalk–clay–rice husk, sample 

2S with the rice husk content of 18 mass% and its 

quantitative ratio to the clay of 1.1:1 must differ 

from sample 1S with 6 mass% and its quantitative 

ratio to the clay of 1:3.4 in an inconsiderable 

increase in C3S and C2S and  

some decrease in the quantity of C3A  

and C4AF (Table 4). 

According to the X-ray phase analysis, 

some features of phase transformation have  

been defined during burning of the studied 

mixtures at the maximal temperatures  

of 1200°С and 1400°С (Figure 3-6).  

 

Table 4 

Description of the clinker. 

Code of 

mixture 

Parameters of clinker Crystalline phases, % 

SF n p C3S C2S C3A C4AF 

1S 0.85 3.0 2.72 49.76 30.71 11.77 6.45 

2S 0.85 3.5 2.71 51.12 31.55 10.36 5.74 

 

 
Figure 3. X-ray diffraction of clinker sample 1S (1200ºС). 

 

 
Figure 4. X-ray diffraction of clinker sample 1S (1400ºС). 
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Figure 5. X-ray diffraction of clinker sample 2S (1200ºС). 

 

 

Figure 6. X-ray diffraction of clinker sample 2S (1400ºС). 

 
 

It is evident that when the burning 

temperature increases from 1200°С to 1400°С, 

the samples with the composition of mixtures 1S 

and 2S show the same trends of the phase 

composition changing: 

- as to the crystalline phases of calcium 

silicates – generation of C3S (1.86, 3.03 Å), 

intensive production of wollastonite  

CS (2.97 Å), with minor differences in C2S; 

- as to the crystalline phases of calcium 

aluminosilicates - decreased content of 

gehlenite C2AS (2.86 Å); 

- as to the crystalline phases of calcium 

aluminates - intensive production of C3А  

(2.70 Å); with decreased content of CА  

(2.52 Å) and mayenite C12A7 (4.90 Å); 

- decreased content of CaO (2.38 Å) and 

C4AF (2.63 Å). 

However, in case of the same qualitative 

phase composition, sample 2S produced  

from the mixture with the 18 mass % of rice  

husk differs from sample 1S with the  

6 mass % of rice husk by a smaller content in 

CaO·SiO2, 3CaO·SiO2, CaO·Al2O3·Fe2O3  

and a larger content of CaO·Аl2O3,  

12CaO·7Al2O3 and 2CaO·Al2O3·SiO2. The 

obtained results of sample testing show the 

difference in composition of the output raw 

2Θ 

2Θ 

I 

I 
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mixtures and maximal value of the burning 

temperature (Table 5). 

In accordance with the classification of 

DSTU B В.27-91-99, after burning at the 

maximal temperature of 1200°С and 1400°С, at a 

setting rate, the studied cement samples on the 

basis of the chalk – clay – rice husk were referred 

to different groups.  

With a relatively less content of the rice 

husk after burning at a temperature of 1200ºС, 

sample 1S was referred to the group of quick 

setting ones (the term of beginning is  

15 to 45 min). This is considered to be typical for 

anhydrite and aluminous cements. After 

increasing the burning temperature to 1400ºС,  

it was referred to normally setting ones (the term 

of beginning is 45 min to 2 h). This is considered 

to be typical for Portland cement and slag 

Portland cement. 

When increasing the rice husk content to its 

quantitative ratio 1:1 to clay, sample 2S  

was referred to the group quickest setting ones 

(the term of beginning is up to 15 min) after 

burning at a temperature of 1200ºС. This is 

considered to be typical for expanding and  

self-stressing cement. After increasing the burning 

temperature to 1400ºС, it was referred to the 

group of quick setting ones. 

In the course of the research undertaken, 

the rational composition of raw mixtures  

was determined on the basis of the system  

chalk – clay – rice husk for the manufacturing of 

cement clinker with baking on a maximum 

temperature of 1400ºС. In this case, the possibility 

of adjusting the binding properties  

of the material from the fast to normal setting is 

shown due to appropriate changes in the  

phase composition. 

Among the positive aspects of this study 

should be denoted the directed use of rice husk as 

a component of the initial mixture, which  

becomes a source of amorphous silica with 

increased reactivity in the process of burning, and 

influences the phase formation and properties of 

cement clinker. 

The main weakness of this study is the use 

of chalk as raw composition material. Obviously, 

the expansion of the number of basic  

carbonate components, first of all limestones and 

marls, will open up additional opportunities  

to achieve the goal and to increase efficiency  

of the study.  
 

Table 5 

Properties of clinker samples. 

Quality index 

Code of sample and burning temperature  

1200ºС 1400ºС 

1S 2S 1S 2S 

Finesse of grinding,  

sieve residue no. 008, mass. % 
7 8 7 8 

Initial setting time, min 20 10 65 20 

Final setting time, min 25 20 110 35 

Compressive strength, MPa 33.4 31.7 40.2 38.6 

 
 

Conclusions 
The increase in the volumes of practically 

used large-tonnage of industrial wastes,  

including the rice husk resulted from the rice 

production in the agro-industrial sector,  

facilitates the solution of the complex issues 

related to ecology, resources preservation and 

technology of the manufacturing of silicate 

building materials. 

The expediency of rice husk utilization  

in the binder technology is defined by the 

presence of amorphous silica in the chemical 

composition with an increased reactivity  

in the process of formation of silicate system 

structure during burning.  

To produce the cement clinker, it is 

possible to introduce 6–18 mass % of rice husk 

into raw mixtures obtained based on the  

chalk–clay–rice husk system, when the 

quantitative ratio of rice husk to clay ranges 

between 1:3.4 and 1.1:1. 

Due to the X-ray analysis and technological 

tests, the possibilities of adjustment of the 

quantitative ratio between clinker minerals and 

binders when varying the rice husk content in the 

output mixture by the maximum burning 

temperature were determined. 
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Abstract. The article presents the results of studies regarding the improvement of the qualitative 

characteristics of blast furnace coke obtained from modified coal blend in industrial conditions of 

Avdeevka Coke Plant. Inorganic corundum powders are applied to modify the coal blend, namely 

electrocorundum (α-Al2O3) and carborundum (α-SiC). It has been found that the introduction of  

non-caking corundum materials in small concentrations (0.25 wt %) affects the structure of the organic 

mass of coal as it is assumed that the corundum materials act as centers of crystallization. The influence 

of a certain type of modifying additive on the quality of coke is significantly dependent on the brand 

composition of the blend. The use of electrocorundum and carborundum is especially important for 

blends with reduced caking ability. 
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Introduction 

Coke performs three main functions in a 

blast furnace: it is a heat source for chemical 

reactions and phase transformations of a blast 

furnace charge, a reducing agent in chemical 

reactions, and a physical support - of a column  

of charge materials [1]. The normal course  

of the blast-furnace process depends on the  

performance of these coke functions, which are 

determined by the physical-chemical properties of 

this product [2]. 

The operation of blast furnaces with high 

productivity, long service life and low coke 

consumption is achievable only with the use of 

high-quality charge materials - iron ore with high 

iron content and high quality coke produced from 

coking coals with the necessary mineral 

composition and low sulphur content. It should be 

noted that most of coking coals produced in 

Ukraine have high sulphur content, allowing to 

obtain, on average, coke with the coke reactivity 

index (CRI) and coke strength after reaction 

(CSR) values within 40% [3,4]. In the U.S.A., 

Germany, Poland, China, Japan metallurgical 

plants impose very high requirements regarding 

the quality of blast furnace coke for these 

parameters (CRI ≤ 30%; CSR ≥ 60%) [2]. 

Coke consumption for iron blast furnaces in 

the Ukraine is on average up to 450 kg/t [1] while 

leading ironmakers in other countries have 

reduced coke usage to 300 kg/t. The specific coke 

consumption in Ukraine is much higher,  

which reduces the economy of smelting cast  

iron, because coke is the most expensive 

component of the blast furnace charge. Therefore,  

leading manufactures substitute coke (up to 40%) 

with additional fuels, primarily pulverized  

coal. To get the blast-furnace coke with  

necessary quality indicators at the existing coal 

base, coke-makers develop and use techniques 

that improve quality parameters of coal. One of 

such methods is the targeted influence of the coke 

quality by adding non-coking additives into the 

coal blend: coke dust and fines, anthracite,  

semi-coke, as well as inorganic additives  

(finely dispersed oxides of titanium, iron and 

aluminum) [5]. 

The use of nanomaterials as additives is 

known to be effective in improving the wear 

resistance, strength, crack resistance and other 

characteristics of hard alloys [6]. For example, 

Al2O3, SiC, B4C, TiN, TiCN and WC 

nanopowders have been used successfully as 

modifying additives [7-9]. In this paper, the task 

was set to use micropowders of electrocorundum 

(α-Al2O3) and carborundum (α-SiC) as additives 

in coal blends for the production of metallurgical 

coke with improved quality parameters. 
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Experimental 

Cokemaking procedure 

One of the coke plants in Ukraine, 

Avdeevka Coke Plant has been selected for 

research. Cokemaking trials were carried out 

using metal coke boxes. The box dimensions were 

as follows: length 200 mm; width 200 mm; height 

280 mm. The total mass of the coal batch in the 

box was 8 kg. 

The packing density of the coal blend in the 

box was 800 kg/m
3
 and the moisture content was 

8–10%. To attain this density, the appropriate 

mass of coal was charged in the box 

corresponding to the density achieved industrially. 

Four coking ovens in a coke oven battery 

No. 1 were selected to study. Four boxes with 

experimental blend were placed in each coking 

chamber. The boxes were loaded through the 

middle charging hole in the coking chamber. The 

coking time was set to 21 hours. 

After the oven was pushed and the coke 

was quenched, the metal boxes were removed 

from the coke wharf and were water quenched, if 

necessary. 

The additives that were selected for the use 

in this study, crystalline (α-modification) powders 

of aluminum oxide (electrocorundum) and  

silicon carbide (carborundum) with different 

particle size, were purchased from Private Joint 

Stock Company ZAPOROZHABRASIVE 

(Zaporozhe, Ukraine). 

Characterization techniques of coal and coke 

The technical analysis of coal and coke 

(volatility, sulphur and ash content) was 

performed using standard test methods [10-12]. 

The technical analysis was carried out on dried 

samples of coal and coke. Samples of coal and 

coke were dried in an oven for 1 hour at 105°C 

and 150°C respectively. 

The mean vitrinite reflection coefficient (R0) 

and vitrinite content (Vt) were performed using a 

Petrographic complex “OLYMPUS BX51M”. For 

the analyses, the samples were prepared by 

standard methods [13,14]. 

 The chemical composition of the ash was 

determined by the standard method [15]. The 

basicity index (Bb) and the base/acid ratio (Ib) 

were calculated by the Eqs.(1), (2) [16]. 
 

𝐵𝑏 =
100𝐴𝑑 (𝐹𝑒2𝑂3+𝐶𝑎𝑂+𝑀𝑔𝑂+𝑁𝑎2𝑂+𝐾2𝑂)

 100−𝑉𝑑𝑎𝑓  (𝑆𝑖𝑂2+𝐴𝑙2𝑂3)
 

 

where, A
d
 – ash content of coal in the dry state, %; 

V
daf

 – volatile matter in the dry  

ash-free state, %. 

 

𝐼𝑏 =
𝐹𝑒2𝑂3+𝐶𝑎𝑂+𝑀𝑔𝑂+𝑁𝑎2𝑂+𝐾2𝑂

𝑆𝑖𝑂2+𝐴𝑙2𝑂3
  

 

The coke reactivity index (CRI) and coke 

strength after reaction (CSR) were determined by 

the standard methods [17].  

The physicochemical properties of coke 

(structural strength according to Gryaznov, 

abrasive hardness according to Ginzburg, 

reactivity, electrical resistivity and porosity) were 

obtained by appropriate methods [18-20]. 

 

Results and discussion 

The production blend of the plant from two 

coal preparation departments was used in this 

study. To determine the effect of additives on the 

coke quality, box coking was conducted on two 

different blends, Blend 1 - obtained from coal 

blend of ordinary quality and Blend 2 - obtained 

from coal blend with improved quality.  

Table 1 presents the composition and 

characteristics of the coal used in the experiments 

and Table 2 presents the chemical composition  

of the ash, basicity index Eq.(1) and base/acid 

ratio Eq.(2).  

 

Table 1 

Characteristics of coal concentrate and coal blend. 

Sample Supplier 
Content, 

% 

Ash  

A
d
, % 

Sulphur 

S
d

t, % 

Volatility 

V
daf

, % 

Mean vitrinite 

reflection 

coefficient R0, % 

Vitrinite 

Vt, % 

Coal 

blend 

1 

Toldinskaya Yuzhnaya (Russia) 25.1 7.0 0.15 40.5 0.67 85 

Samsonovskaya Zapadnaya 

(Ukraine) 
38.6 8.4 1.13 36.4 0.97 85 

Yunyaginskiy razrez (Russia) 22.7 8.1 0.68 25.4 0.98 82 

Suhodolskaya Vostochnaya 

(Ukraine) 
3.6 8.1 0.99 24.9 1.30 96 

Kolosnikovskaya (Ukraine) 4.0 8.6 1.56 32.2 0.70 93 

Samsonovskaya (Ukraine) 3.0 8.7 2.67 27.0 1.12 92 

Uzlovskaya (Ukraine) 3.0 8.2 2.21 23.0 1.15 89 

Total 100 8.2 1.34 29.9 0.98 89 

 

(1) 

(2) 
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Continuation of Table 1 

Sample Supplier 
Content, 

% 

Ash  

A
d
, % 

Sulphur 

S
d

t, % 

Volatility 

V
daf

, % 

Mean vitrinite 

reflection 

coefficient R0, % 

Vitrinite 

Vt, % 

Coal 

blend 

2 

Komsomolskaya (Ukraine) 4 6.1 1.09 37.0 0.88 70 

Prokopevskaya (Russia) 7 7.6 0.49 42.2 0.67 86 

Toldyinskiy razrez (Russia) 15 8.7 0.33 38.9 0.64 83 

Promugol (Russia) 4 9.8 0.72 33.2 1.01 90 

Duvanskaya (Ukraine) 7 8.5 2.04 33.2 0.99 92 

Kievskaya (Ukraine) 6 8.7 2.06 31.3 1.04 93 

Samsonovskaya (Ukraine) 4 8.9 2.68 31.5 0.99 94 

Pokrovskaya (Ukraine) 15 7.8 0.62 28.3 1.09 86 

Kalininskaya (Ukraine) 4 8.5 1.09 25.0 1.23 90 

Uzlovskaya (Ukraine) 4 8.2 2.21 23.0 1.45 91 

Wellmore (U.S.A.) 6 8.5 0.91 34.1 0.93 70 

Carter Roag (U.S.A.) 14 8.5 0.69 31.8 1.02 92 

Pocahontas (U.S.A.) 10 8.9 0.94 18.0 1.54 73 

Total 100 8.4 1.01 31.3 1.03 85 

A
d
 – ash content of coal in the dry state;  

S
d
t – sulphur content of coal in the dry state;  

V
daf

 – volatile matter in the dry ash-free state;  

R0 – mean vitrinite reflection coefficient of coal;  

Vt – vitrinite content of coal. 

 

 

Table 2 

Chemical composition and basicity of coal blend. 

Coal 

blend 

Chemical composition of ash, %  Basicity 

SiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O SO3 Bb Ib 

1 51.79 24.47 11.97 1.76 2.80 1.42 1.99 2.28 3.06 0.261 

2 50.16 28.33 9.98 1.76 2.63 1.26 2.37 2.04 2.80 0.229 

 

 

The additives added in the blend were 

crystalline (α-modification) powders of aluminum 

oxide (electrocorundum) and silicon carbide 

(carborundum) with different particle size. These 

powders were chosen as additives based on the 

fact that they are mass produced by abrasive 

companies and have a low cost. Additives were 

added to the coal blend in the amount of  

0.25 wt % by mechanical stirring of the additive 

with a coal charge for box coking (8 kg). The 

choice of this range of additives was based on 

previous studies that showed an optimum level of 

additives in the blend of 0.25 wt % [21]. Table 3 

presents sample compositions.  

The technical analysis and CRI/CSR 

indicators of coke obtained by box coking is given 

in Table 4. The obtained results show that 

addition of additives into the coal blend in 

quantities up to 0.25 wt % has no effect on the ash 

content of the coke (Table 4). 

 The dynamics of the effect of additives on 

the qualitative indices of CRI and CSR of coke is 

shown in Figures 1 and 2, respectively. The 

CRI/CSR indexes for the reference coke samples 

No. 1 and No. 5 were considered as zero. Data 

showing improvement (decrease) in CRI index 

values is in the negative area with the sign "–"  

(Figure 1). The improvement (increase) in CSR 

index / parameter values (Figure 2) is shown in 

the positive area with the sign "+". 
 

Table 3 

Characteristics of bulk modifying additives. 

Sample 

No. 
Additive 

Amount of 

additive in the 

sample, wt % 

Particle 

size, µm 

1 
Standard coal 

blend – Variant 1  
without additives – 

2 α-Al2O3 0.25 40-80 

3 α-SiC v/g* 0.25 8-12 

4 α-SiC 0.25 125-150 

5 
Standard coal 

blend – Variant 2  
without additives – 

6 α-Al2O3 0.25 40-80 

7 α-SiC v/g 0.25 8-12 

8 α-SiC 0.25 125-150 

* v/g – vibro-ground treatment. 
 

Figures 1 and 2 shows that the optimal 

results for improving coke quality from the  

Blend 1 were obtained while using the following 

additives: 
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- α-Al2O3 (0.25 wt %) with a registered 

4.1% decrease in CRI and a 5.5% increase  

in CSR;  

- α-SiC v/g (0.25 wt %) with a recorded 

3.7% decrease in CRI and a 6.1% increase  

in CSR;  

- α-SiC (0.25 wt %) with a registered 5.2% 

decrease in CRI and a 6.2% increase in CSR. 

Other additives either slightly worsen the 

CRI and CSR values or maintain the level of the 

standard coke within the accuracy of 

measurement. The improvement in  

CRI/CSR indices of coke characteristics with 

additives No. 2, 3 and 4 was also confirmed  

by some other analyses of the physicochemical 

properties of coke (structural strength  

according to Gryaznov, reactivity), as follows 

from the data presented in Table 5. 

 
Table 4 

Technical analysis and values of CRI/CSR for coke produced. 

Sample 

No. 

Ash 

A
d
, % 

Volatility 

V
daf

, % 

Sulphur 

S
d
t, % 

Coke reactivity 

index CRI, % 

Coke strength after 

reaction CSR, % 

1 11.2 0.3 0.81 37.3 39.5 

2 11.6 0.2 0.84 33.2 45.0 

3 11.5 0.6 0.82 33.6 45.6 

4 11.4 0.4 0.81 32.1 45.7 

5 10.6 0.2 0.72 34.2 46.7 

6 10.6 0.2 0.71 33.4 47.1 

7 11.1 0.3 0.74 34.8 47.4 

8 10.6 0.2 0.72 32.2 49.3 

A
d
 – ash content of coke in the dry state;  

V
daf

 – volatile matter in the dry ash-free state;  

S
d
t – sulphur content of coke in the dry state;  

CRI – coke reactivity index;  

CSR – coke strength after reaction with CO2. 

 

 

  
Figure 1. The dependence of various additives 

influence on CRI coke characteristics. 

Figure 2. The dependence of various additives 

influence on CSR coke characteristics. 

 

 
Table 5  

Physicochemical parameters of experimental cokes. 

Sample 

No. 

Structural strength 

according to  

Gryaznov, % 

Abrasive hardness 

according to 

Ginzburg, mg 

Electrical 

resistivity,  

Ω·cm 

Reactivity, 

cm
3
/g·sec 

Porosity,  

% 

1 83.0 95.7 0.163 0.37 50.2 

2 89.1 103.1 0.207 0.26 47.1 

3 87.1 101.1 0.230 0.23 49.9 

4 87.0 100.6 0.248 0.21 49.3 

5 83.3 96.7 0.210 0.65 50.1 

6 88.0 105.1 0.193 0.53 47.3 

7 86.0 105.5 0.163 0.50 50.3 

8 81.3 100.6 0.223 0.46 49.2 
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By action on the indicators of CSR and 

CRI, inorganic additives may be divided into two: 

those that improve these indicators and those that 

significantly reduce CSR [22]. The first group 

comprises aluminum oxide, compounds of silicon 

and minerals: apatite, muscovite and orthoclase. 

Additives that improve the properties of coke,  

i.e. increase CRI and decrease CSR include 

magnesium oxide, iron compounds (Fe2O3, 

FeCO3, FeO·Fe2O3, FeS2) and calcium oxides. 

According to literature data, the addition of 

aluminum oxide and silicon compounds reduces 

the content of isotropic textures in the coke and 

increases the content of fine mosaic textures [22]. 

Thus, the introduction of inorganic additives in 

small concentrations affects the structure of the 

organic mass of coal, since it is assumed that the 

additives act as crystallization centers at the stage 

of plastic state of the coal blend. 

 

Conclusions 
The introduction of a specific quantity 

(0.25 wt %) of non-clinkering additives allows the 

modification of the processes that occur when the 

coal blend is plastic, with consequent 

improvement in coke strength. 

The obtained results show that coke 

reactivity index (CRI) and coke strength after 

reaction (CSR) values of the coke are improved 

by introducing modifying additives in the coal 

blend in quantities of 0.25 wt %. 

It was shown that positive results  

are obtained along with the additives  

2 (α-Al2O3 0.25 wt %), 3 (α-SiC v/g 0.25 wt %) 

and 4 (α-SiC 0.25 wt %). 

The influence of each specific additive on 

the coke properties depends significantly on the 

rank composition of the blend. Thus, the 

improvement in the coke quality with the addition 

of additives was obtained with Blend 1, and, 

accordingly, there was no improvement in the 

quality of the coke obtained from Blend 2 with 

the addition of additives. Therefore, it can be 

concluded that the use of these additives is 

relevant for batch materials with reduced caking 

index. 
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Abstract. A series of homobi- and polynuclear zinc and cadmium coordination compounds supported 

by 1,2-cyclohexanedionedioxime (nioxime, NioxH2) and bridging bidentate ligands: 4,4'-bipyridyl 

(bpy), 1,2-bis(4-pyridyl) ethane (bpe), 1,3-bis(4-pyridyl) propane (bpp) and dipyridyl sulphide (dps) 

have been characterized by the experimental techniques of 
1
H and 

13
C NMR spectroscopy. Individual 

NMR data of the compounds are consistent with their assignment as complexes. 
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Introduction 

Nowadays the state of the art in analytical 

technologies is frequently found in the 

bioanalytical area, NMR spectroscopy  

being amongst the fast, effective and information 

rich methods for solving a wide range of  

essential purposes for human health [1-5]. 

Nevertheless, it still remains one of the most 

important analytical tools available to the  

classical chemist. A unique and powerful 

methodology of NMR for the characterization  

of the self-assembled complexes and the 

investigation of their dynamic behaviour  

in solution has been reviewed in a  

comprehensive manner [6]. 

Metal-organic frameworks are one of the 

important domains of materials science due to 

their useful properties that are continuously 

explored in gas storage, chemical separation, 

catalysis and luminescence. Recently the 

fabrications of metal-organic frameworks have 

been reported, whose chemical composition and 

shape of building units can be multiply varied 

within a particular structure and may lead to 

materials that offer a synergistic combination of 

properties [7]. In the light of this, designing 

strategies for assembling from mono- to 

polynuclear compounds for capitalization of their 

application potential is one of the priority 

directions in coordination chemistry.  

Zinc and cadmium coordination compounds 

with a varied molecular composition and 

architecture, possessing different convenient 

properties, have found diverse applications, 

primarily related to photochemistry and 

luminescence [8-11].  

It should be mentioned that the literature 

data on zinc compounds containing oxime  

ligands are scarce and almost missing  

regarding the cadmium compounds [12-14]. 

Mononuclear zinc and cadmium complexes are 

known with neutral mono- and dioximes that  

have been synthesized and studied in the presence 

of organic and inorganic anions [15,16].  

A homologous series of Zn bimetallic complexes 

bridged by neutral, radical anionic and dianionic 

4,4'-bipyridine has been reported [17].  

Bimetallic zinc complexes supported by 

salicilaldiminato and anilido-aldimine ligands 

were targeted [18], which can potentially  

mimic phosphomonoesterase activity in protic 

media [19]. 

In search for the methods of obtaining 

novel materials endowed with valuable  

properties, new synthetic approaches were 

recently developed that include tuning the 

dimensionality from the low nuclearity  

complexes decorated by oxime ligands to 

polynuclear compounds [20-24]. Our contribution 

to the Zn- and Cd/oxime chemistry has 

demonstrated the efficacy of the 

oxime/anion/bipyridyne “blend” approach that 

resulted in the mixed-ligand discrete complexes of 

different nuclearity. In these articles the synthesis, 

some mechanistic considerations were discussed, 

as well as various properties, such as: 

supramolecular isomerism, chirality, 

luminescence and adsorption capacity for 
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homobi- and polynuclear zinc and cadmium 

coordination compounds supported by NioxH2 

and bridging bidentate ligands: bpy, bpe, bpp and 

dps 1-14 (Table 1), their structures being 

confirmed by elemental analyses, IR-spectroscopy 

and X-ray analyses. 

 
Table 1

 

Bibliographic data on complexes 1-14. 

Complex Reference 

Dinuclear polymers   

[Zn2(CH3COO)4(NioxH2)2(H2O)2bpy]
 

1 [20]
 

[Cd2(CH3COO)4(NioxH2)2(H2O)2bpy] 2 [20]
 

[Cd2(HCOO)4(NioxH2)2(H2O)2bpy] 3 [20]
 

[Cd2(CH3COO)4(NioxH2)2(H2O)2bpe] 4 [22]
 

Polymers containing SO4
2- 

anion 
  

{[Zn(NioxH2)(SO4)bpy]∙0.5H2O∙DMF}n  5 [21]
 

{[Cd(NioxH2)(SO4)bpy]3(NioxH2)(H2O)3}n   6 [20]
 

[Zn(NioxH2)(SO4)bpe]n  7 [21]
 

[Cd(NioxH2)(SO4)bpe]n   8 [22]
 

Polymers without SO4
2- 

anion 
  

[Zn(CH3COO)2(NioxH2)(H2O)bpe]n  9 [22]
 

{[Cd(HCOO)2(NioxH2)bpe]·DMF}n   10 [24]
 

[Cd(HCOO)2(NioxH2)bpp]n  11 [23]
 

[Zn(CH3COO)2(NioxH2)dps]n  12 [24]
 

[Cd(CH3COO)2(NioxH2)dps]n 13 [24]
 

[Cd(HCOO)2(NioxH2)dps]n  14 [24]
 

 

The current report furnishes complementary 

data on the coordination compounds 1-14. For the 

first time, the spectral 
1
H and 

13
C NMR individual 

characteristics for complexes 1-14 are presented. 

The diamagnetic nature of these coordination 

compounds allowed the assignment of all 
1
H and 

13
C signals in the respective spectra. The signals 

confirming ligand-metal coordination are put into 

discussion, in connection with the corresponding 

signals in free ligands. 
 

Experimental 

Complexes 1-14 were prepared according to 

the reported synthetic protocols (Table 1). 

NMR spectroscopy 

NMR spectra were recorded on a Bruker 

AVANCE 400 spectrometer equipped with a  

5-mm broadband reverse probe with field z 

gradient, operating at 400.13 and 100.61 MHz for 
1
H and 

13
C nuclei, respectively. DMSO-d6 

(isotopic enrichment 99.95%) was used as 

solvent, containing tetramethylsilane (TMS) as an 

internal standard. Chemical shifts (δ) are reported 

in parts per million (ppm) and are referenced to 

the residual non-deuterated solvent peak  

(2.50 ppm for 
1
H and 39.50 ppm for 

13
C). The 1D 

and 2D NMR experiments were performed 

through standard pulse sequences.  

DOSY NMR experiments. The spectra were 

recorded on a Bruker Avance 400 spectrometer,  

at 9.395 tesla, at the resonating frequency of  

400.13 MHz for 
1
H nuclei, using a BBI Bruker  

5 mm gradient probe. The temperature was 

regulated at 298 K and no spinning was applied to 

the NMR tube. The diffusion NMR experiments 

were performed with a 2D sequence for diffusion 

measurement using double stimulated echo for 

convection compensation (dstebpgp3s), using 

bipolar gradients. The bipolar gradient duration 

and the diffusion time were in the range of 1 to 

1.5 ms and 200 ms, respectively. The evolution of 

the pulsed-field gradient during the NMR 

diffusion experiments was established in 32 steps, 

applied linearly between 1 and 50 Gcm
-1

.  

Data analysis was performed using Bruker 

TOPSPIN software. 

 

Results and discussion 

Figure 1 depicts the used atom numbering 

for description of the chemical shifts of the 
1
H and 

13
C nuclei, as follows: in dinuclear complexes 1-4 

- as shown in structure A, in polymers 5-10 - as 

shown in structure B, in polymer 11 - as shown in 

structure C, and in polymers 12-14 - as shown in 

structure D. 

NMR characteristics for complexes 1-14 

have been obtained on the basis of their 1D  

(
1
H, 

13
C, DEPT-135

’
) and 2D homo-  

(
1
H/

1
H COSY-45

’
) and heteronuclear (

1
H/

13
C 

HSQC and 
1
H/

13
C HMBC) correlation spectra. 

For comparison, the chemical shifts of 
1
H and 

13
C 

NMR nuclei in ligands are presented (Table 2). 

All the 
1
H and 

13
C NMR signals are given for 

binuclear complexes 1-4 and the data for 

monomers of polymeric compounds 5-14 are 

presented, as well (Tables 3-5). The relative areas 

of signals are proportional to the number of 

hydrogen atoms in one structural unit of the 

compounds. 

Nioxime moiety 

The 
1
H NMR spectra of the compounds 

under discussion 1-14 contain the characteristic 

signals of the coordinated NioxH2, except for the 

polymer 11 (Table 5). The resonances of nioxime 

protons showed some variation with respect to the 

free ligand that was more noticeable for oxime 

protons. Thus, in the 
1
H spectra of complexes  

1-14 the methylene groups were identified by  

the multiplets centred in 1.53–1.72 and  

2.47–2.70 ppm regions (Tables 2-5). The 

resonances of these methylene carbon atoms vary 

insignificantly for compounds 1-14, being found 

in their 
13

C NMR spectra at 21.3–22.1 and  

24.6–25.1 ppm, respectively. These values 

practically remain in the range of the data 

characterizing the free NioxH2 (Table 1). 
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(a) (b) 

  
(c) (d) 

Figure 1. One unit in the structure of dimer 4 (a), polymer 8 (b), polymer 11 (c) and polymer 14 (d). 
 

 

Table 2
 

1
H and 

13
C NMR spectral data for ligands (δ ppm; J, Hz)

 
in DMSO-d6 solutions.  

NMR data
1
 

 

Ligand
2
 

1
H NMR 

13
C NMR 

NioxH2 1.54 (m, 4H, 2CH2), 2.49 (m, 4H, 2CH2), 11.17 (br. s, 2H, 

N-OHexchangeable)
 

22.0 C(4,5), 24.9 C(3,6), 152.2 

C(1,2)
 

bpy
3 

7.82 (app.dd, 4H, J= 4.5, 1.6, C(3,5 and 3’,5’)H), 8.72 

(app.dd, 4H, J= 4.5, 1.6, C(2,6 and 2’,6’)H)
 

121.8 C(3,5 and 3’,5’), 144.8 C(4 

and 4’), 151.0 C(2,6 and 2’,6’) 

bpe 2.93 (s, 4H, ethylene bridge), 7.25 (app.dd, 4H, J= 4.4, 1.6, 

C(3,5 and 3’,5’)H), 8.43 (app.dd, 4H, J= 4.4, 1.6, C(2,6 and 

2’,6’)H) 

34.8 (ethylene), 124.5 C(3,5 and 

3’,5’), 149.8 C(2,6 and 2’,6’), 

150.3 C(4 and 4’) 
bpp 1.89 (q, 2H, J= 7.7, CH2), 2.60 (t, 4H, J= 7.7, CH2), 7.23 

(app.dd, 4H, J= 4.6, 1.6, C(3,5 and 3’,5’)H), 8.44 (app.dd, 

4H, J= 4.6, 1.6, C(2,6 and 2’,6’)H) 

30.6, 34.2 (propane), 124.4 C(3,5 

and 3’,5’), 149.9 C(2,6 and 

2’,6’), 151.2 C(4 and 4’) 
dps 7.53 (app.dd, 4H, J= 4.6, 1.5, C(3,5 and 3’,5’)H), 8.50 

(app.dd, 4H, J= 4.6, 1.5, C(2,6 and 2’,6’)H)
 

120.6 C(3,5 and 3’,5’), 146.2 C(4 

and 4’), 150.4 C(2,6 and 2’,6’) 
1 
s: singlet; br. s: broad singlet; app. dd: apparent doublet of doublets; m: multiplet; t: triplet; q: quartet. 

2
 for NioxH2 the atom numbering was used, as depicted in Figure 1. 

3
 for bpy, bpe, bpp and dps the pyridine atom numbering was used. 

 

 

Signals of oxime protons in complexes 1-14 

were a clear proof of the ligand/metal 

coordination. Thus, in NioxH2 oxime protons 

resonate at 11.17 ppm as a broad singlet, whilst in 

complexes 1-14 the corresponding singlets are 

often shifted downfield, being found in the  
1
H NMR spectra in the range of 11.20-13.37 ppm 

(Tables 2-5 and Figure 2). This confirms that 

coordination of the ligand to the metal occurs with 

the participation of oximic nitrogen atoms: 

coordination enhances the electron depletion of 

oxime proton, i.e. deshields its nucleus, moving 

the corresponding resonance to higher 

frequencies. At the same time, the characteristic 

shape of signal - broad singlet - attests the 

presence of intra- and intermolecular hydrogen 

atom bonds, as it was also documented by IR and 

X-ray analyses [20-24]. According to the  
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13
C NMR spectra, the peaks for the nuclei of 

azomethine carbon atoms in complexes  

1-14 do not markedly differentiate from the 

corresponding chemical shifts in the free ligand, 

being found in the range of 150.4-152.5 ppm 

versus 152.2 ppm for NioxH2 (Table 1  

and Tables 2-5 for comparison).  

 

Table 3
 

1
H and 

13
C NMR spectral data for dinuclear polymers 1-4 (δ ppm; J, Hz)

1,2 
in DMSO-d6 solutions.  

NMR data 
 

Complex 

1
H NMR 

13
C NMR 

1
 1.55 (m, 8H, C(4,5 and 4’,5’)H2), 1.84 (s, 12H, 

COCH3), 2.52 (m, 8H, C(3,6 and 3’,6’)H2), 7.86 

(app.dd, 4H, J= 4.5, 1.7, C(8,10 and 8’,10’)H), 8.73 

(app.dd, 4H, J= 4.5, 1.7, C(7,11 and 7’,11’)H), 

11.62 (br. s, 4H, N-OHexchangeable) 

21.9 C(4,5 and 4’,5’), 22.6 (COCH3), 24.9 

C(3,6 and 3’,6’), 121.6 C(8,10 and 

8’,10’), 144.7 C(9 and 9’), 150.8 C(7,11 

and 7’,11’), 151.9 C(1,2 and 1’,2’), 176.4 

(COCH3) 

2 1.59 (m, 8H, C(4,5 and 4’,5’)H2), 1.88 (s, 12H, 

COCH3), 2.54 (m, 8H, C(3,6 and 3’,6’)H2), 7.85 

(app.dd, 4H, J= 4.5, 1.7, C(8,10 and 8’,10’)H), 8.72 

(app.dd, 4H, J= 4.5, 1.7, C(7,11 and 7’,11’)H), 

13.60 (br. s, 4H, N-OHexchangeable) 

21.4 C(4,5 and 4’,5’), 23.5 (COCH3), 24.8 

C(3,6 and 3’,6’),121.7 C(8,10 and 8’,10’), 

144.8 C(9 and 9’), 150.5 C(1,2 and 1’,2’), 

150.8 C(7,11 and 7’,11’), 177.6 (COCH3) 

3 1.59 (m, 8H, C(4,5 and 4’,5’)H2), 2.55 (m, 8H, 

C(3,6 and 3’,6’)H2), 7.84 (app.dd, 4H, J= 4.4, 1.6, 

C(8,10 and 8’,10’)H), 8.30 (s, 4H, OCOH), 8.72 

(app.dd, 4H, J= 4.4, 1.6, C(7,11 and 7’,11’)H), 

13.11 (br. s, 4H, N-OHexchangeable) 

21.3 C(4,5 and 4’,5’), 24.6 C(3,6 and 

3’,6’),121.5 C(8,10 and 8’,10’), 144.6 C(9 

and 9’), 150.7 C(7,11 and 7’,11’), 150.8 

C(1,2 and 1’,2’),  167.9 (OCOH) 

4 1.59 (m, 8H, C(4,5 and 4’,5’)H2), 1.85 (s, 12H, 

COCH3),  2.53 (m, 8H, C(3,6 and 3’,6’)H2), 2.95 (s, 

4H, C(12 and 12’)H2), 7.27 (app.dd, 4H, J= 4.4, 

1.6, C(8,10 and 8’,10’)H), 8.44 (app.dd, 4H, J= 4.4, 

1.6, C(7,11 and 7’,11’)H), 12.92 (br. s, 4H,  

N-OHexchangeable) 

21.6 C(4,5 and 4’,5’), 22.8 (COCH3), 24.8 

C(3,6 and 3’,6’), 34.8 (C(12 and 12’), 

124.4 C(8,10 and 8’,10’), 149.8 C(7,11 

and 7’,11’), 150.2 C(9 and 9’), 150.9 

C(1,2 and 1’,2’), 177.5 (COCH3) 

1 
s: singlet, br. s: broad singlet; app. dd: apparent doublet of doublets, m: multiplet. 

2 
here the number of protons is presented for both units of binuclear complexes 1-4. Integration of the signals in  
1
H NMR spectra offers information regarding one structure unit, the binuclearity of complexes being proved by  

X-ray data, as stated before [20,22]. For numbering the atoms of the second structural unit, the prime symbol  

was used. 
 

Table 4
 

1
H and 

13
C NMR spectral data for polymers containing SO4

2- 
anion 5-8 (δ ppm; J, Hz)

1 
in DMSO-d6 solutions.  

NMR data 
 

Complex 

1
H NMR 

13
C NMR 

5 1.56 (m, 4H, C(4,5)H2),  2.51 (m, 4H, C(3,6)H2), 

2.73 (s, 3H, DMF), 2.89 (s, 3H, DMF), 7.86 

(app.dd, 4H, J= 4.5, 1.5, C(8,10 and 14,16)H), 7.95 

(s, 1H, DMF), 8.74 (app.dd, 4H, J= 4.5, 1.5, C(7,11 

and 13,17)H), 11.50 (br. s, 2H, N-OHexchangeable) 

21.9 C(4,5), 24.9 C(3,6), 30.7 and 35.7 

(DMF), 121.5 C(8,10 and 14,16), 144.6 

C(9 and 15), 150.7 C(7,11 and 13,17), 

152.1 C(1,2), 162.7 (DMF) 

6
2
 1.54 (m, 4H, C(4,5)H2),  2.51 (m, 4H, C(3,6)H2), 

7.83 (app.dd, 4H, J= 4.4, 1.6, C(8,10 and 14,16)H), 

8.73 (app.dd, 4H, J= 4.4, 1.6, C(7,11 and 13,17)H), 

11.16 (br. s, 2H, N-OHexchangeable) 

22.1 C(4,5), 24.9 C(3,6), 121.5 C(8,10 and 

14,16), 144.6 C(9 and 15), 150.7 C(7,11 

and 13,17), 152.3 C(1,2) 

7 1.56 (m, 4H, C(4,5)H2),  2.48 (m, 4H, C(3,6)H2), 

2.95 (s, 4H, C(12 and 18)H2), 7.26 (app.dd, 4H,  

J= 4.4, 1.4, C(8,10 and 14,16)H), 8.44 (app.dd, 4H, 

J= 4.4, 1.4, C(7,11 and 13,17)H), 11.25 (br. s, 2H, 

N-OHexchangeable) 

22.0 C(4,5), 24.9 C(3,6), 34.7 (C(12 and 

18), 124.3 C(8,10 and 14,16), 149.6 

C(7,11 and 13,17),150.2 C(9 and 15), 

152.2 C(1,2) 

 

8 1.56 (m, 4H, C(4,5)H2),  2.49 (m, 4H, C(3,6)H2), 

2.95 (s, 4H, C(12 and 18)H2), 7.26 (app.dd, 4H,  

J= 4.5, 1.5, C(8,10 and 14,16)H), 8.44 (app.dd, 4H, 

J= 4.5, 1.5, C(7,11 and 13,17)H), 11.27 (br. s, 2H, 

N-OHexchangeable) 

21.7 C(4,5), 24.6 C(3,6), 34.5 (C(12 and 

18), 123.9 C(8,10 and 14,16), 149.2 

C(7,11 and 13,17),149.5 C(9 and 15), 

152.5 C(1,2) 

1 
s: singlet, br. s: broad singlet; app. dd: apparent doublet of doublets, m: multiplet. 

2
 only protons of the coordination sphere are described. 
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Table 5
 

1
H and 

13
C NMR spectral data for polymers 9-14 (δ ppm; J, Hz)

1 
in DMSO-d6 solutions. 

NMR data 
 

Complex 

1
H NMR 

13
C NMR 

9 1.56 (m, 4H, C(4,5)H2),  1.84 (s, 6H, COCH3), 2.52 

(m, 4H, C(3,6)H2), 2.97 (s, 4H, C(12 and 18)H2), 

7.31 (app.dd, 4H, J= 4.4, 1.5, C(8,10 and 14,16)H), 

8.45 (app.dd, 4H, J= 4.4, 1.5, C(7,11 and 13,17)H), 

11.74 (br. s, 2H, N-OHexchangeable) 

21.8 C(4,5), 22.6 (COCH3), 24.8 C(3,6), 

34.7 (C(12 and 18), 124.4 C(8,10 and 

14,16), 149.6 C(7,11 and 13,17),150.6 C(9 

and 15), 151.8 C(1,2), 176.7 (COCH3) 

10 1.60 (m, 4H, C(4,5)H2),  2.55 (m, 4H, C(3,6)H2), 

2.73 (s, 3H, DMF), 2.89 (s, 3H, DMF), 2.95 (s, 4H, 

C(12 and 18)H2), 7.29 (app.dd, 4H, J= 4.5, 1.6, 

C(8,10 and 14,16)H), 8.32 (s, 2H, OCOH), 7.95 (s, 

1H, DMF), 8.43 (app.dd, 4H, J= 4.5, 1.6, C(7,11 

and 13,17)H), 13.20 (br. s, 2H, N-OHexchangeable) 

21.4 C(4,5), 24.9 C(3,6), 30.7 (DMF), 

34.9 (C(12 and 18), 35.7 (DMF), 124.6 

C(8,10 and 14,16), 149.8 C(7,11 and 

13,17),150.7 C(9 and 15), 150.9 C(1,2), 

162.7 (DMF), 168.2 (OCOH) 

11
2 

1.72 (m, 4H, C(4,5)H2),  2.03 (m, 2H, C(13)H2), 

2.70 (m, 4H, C(3,6)H2), 2.74 (t, 4H, J=7.5, 

C(12,19)H2), 7.34 (app.dd, 4H, J= 4.1, 1.5, C(8,10 

and 15,17)H), 8.42 (app.dd, 4H, J= 4.1, 1.5, C(7,11 

and 14,18)H), 8.48 (s, 2H, OCOH) 

21.0 C(4,5), 24.3 C(3,6), 30.3 (C(13), 34.1 

(C(12 and 19), 124.4 C(8,10 and 15,17), 

148.5 C(7,11 and 14,18), 151.9 C(1,2), 

152.9 C(9 and 16), 168.8 (OCOH) 

12
3 

1.56 (m, 4H, C(4,5)H2),  1.84 (s, 6H, COCH3), 2.51 

(m, 4H, C(3,6)H2), 7.41 (app.dd, 4H, J= 4.5, 1.5, 

C(8,10 and 13,15)H), 8.56 (app.dd, 4H, J= 4.5, 1.5, 

C(7,11 and 12,16)H), 11.61 (br. s, 2H,  

N-OHexchangeable) 

21.9 C(4,5), 22.7 (COCH3), 24.9 C(3,6), 

125.0 C(8,10 and 13,15), 143.5 C(9 and 

14), 150.7 C(7,11 and 12,16), 151.9 

C(1,2), 177.5 (COCH3) 

13 1.58 (m, 4H, C(4,5)H2),  1.85 (s, 6H, COCH3), 2.52 

(m, 4H, C(3,6)H2), 7.40 (app.dd, 4H, J= 4.4, 1.6, 

C(8,10 and 13,15)H), 8.54 (app.dd, 4H, J= 4.4, 1.6, 

C(7,11 and 12,16)H), 13.37 (br. s, 2H,  

N-OHexchangeable) 

21.2 C(4,5), 23.2 (COCH3), 24.5 C(3,6), 

124.8 C(8,10 and 13,15), 143.3 C(9 and 

14), 150.4 C(1,2), 150.5 C(7,11 and 

12,16), 177.3 (COCH3) 

14 1.60 (m, 4H, C(4,5)H2),  2.55 (m, 4H, C(3,6)H2), 

7.40 (app.dd, 4H, J= 4.5, 1.7, C(8,10 and 13,15)H), 

8.30 (s, 2H, OCOH), 8.56 (app.dd, 4H, J= 4.5, 1.7, 

C(7,11 and 12,16)H), 13.02 (br. s, 2H,  

N-OHexchangeable) 

21.4 C(4,5), 24.8 C(3,6), 125.0 C(8,10 and 

13,15), 143.4 C(9 and 14), 150.7 C(7,11 

and 12,16), 151.1 C(1,2), 168.0 (OCOH) 

1 
s: singlet, br. s: broad singlet; app. dd: apparent doublet of doublets, m: multiplet. 

2
 for polymer 11 NOH proton has not been detected. 

3 
C(1,2) signals found by 

1
H/

13
C HMBC correlation. 

 

 
Figure 2. Selected signals for oxime protons in the 

1
H NMR spectra of NioxH2 and complexes 2, 6, 9 and 12. 
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Pyridyl fragment 

In the 
1
H NMR spectra of compounds 1-14 

the AA'XX' pattern identifying the pyridyl ring is 

present. Thus, the bpy moiety in the molecules of 

compounds 1-3, 5 and 6 is attested by the AA'XX' 

system in the corresponding 
1
H spectra that 

appeared as two apparent doublets of doublets in 

aromatic region with J= 4.5 and  

1.7 Hz, due to the presence of ortho- (δH  8.70 

ppm (two AA'- parts of AA'XX' system, 4H)) and 

meta-bpy protons (δH  7.80 ppm (two XX'- parts 

of AA'XX' system, 4H)). Comparison of the 

AA'XX' patterns in the 
1
H spectra of  

complexes 1-3, 5 and 6 with the one of bpy, 

revealed their similarity, both as the value of 

chemical shift and shape of the signal  

(Figure 3, Tables 2-4).  

Likewise, analysis of AA'XX' systems in 

the aromatic region of the 
1
H NMR spectra of 

complexes 4, 7-9 and 10, containing bpe as 

bridging ligand, showed almost a complete 

similarity to the corresponding region in the 
1
H 

NMR spectrum of free bpe, both by the shape of 

the signal and its position in the 
1
H spectrum 

(Tables 2-5, Figure 3). In complexes 4, 7-9 and 

10, the singlets characteristic for ethylene protons 

remain almost unshifted with respect to free bpe, 

as well (Tables 2-5). 

Some comments can be made here, 

regarding the NMR particularities of the involved 

in this study bpe ligand, which is closely related 

to bpy. One can suppose that insertion of the 

ethylene moiety between pyridyl rings diminishes 

the diamagnetic ring current; that is why the 

chemical shifts of the aromatic protons in bpe are 

slightly upfield in comparison with bpy.  

Meta-pyridyl protons are more affected by the 

proximity of the ethylene fragment, their  

chemical shift being moved by 0.57 ppm to  

the region of low resonances, when compared  

to bpy ligand (for ortho- protons the upfield  

shift constitutes 0.29 ppm) (Table 2 and Figure 3).  
13

C NMR spectra of compounds 1-10 

showed the distinct resonances consistent with the 

proposed structures. According to the 
13

C NMR 

spectra of complexes 1-10, metal/bpy 

complexation has no distinguishable impact upon 

the resonance frequency of the pyridyl  

carbon atoms (Tables 2-4, Figures 4 and 6). 

In the case of polymer 11 bpp serves as 

bridging ligand; the AA'XX' pattern in its  
1
H spectrum is again rather close to that of free 

ligand (Tables 2, 5 and Figure 5). As observed for 

the bpe-containing polymeric complexes 4, 7-9 

and 10, complexation to the metal has no major 

impact upon the resonance frequency of the 

protons from neighbouring pyridyl rings.  

It should be mentioned, that protons of pyridyl 

rings in free bpp resonate at lower frequencies 

too, in comparison with bpy ligand (δH 8.44 and 

7.23 ppm in bpp versus δH 8.72 and 7.82 ppm in 

bpy), thus demonstrating that the propane moiety 

also decreases the diamagnetic ring current,  

as it was afore-discussed for the homologous  

bpe ligand (Table 2). Signals of propane protons 

are slightly downfield in the 
1
H spectrum of 

polymer 11 (δH 2.03 and 2.74 ppm),  

with respect to the signals identifying the free bpp 

(δH 1.89 and 2.60 ppm) (Tables 2 and 5).   

 

 

 
Figure 3. Aromatic region in the 

1
H NMR spectra of complexes 2 and 4 versus ligands: bpy and bpe. 
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Figure 4. Aromatic region in the 

13
C NMR spectra of complexes 2 and 4 versus ligands: bpy and bpe. 

 

 
Figure 5. Aromatic region in the 

1
H NMR spectra of complexes 12 and 11 versus ligands: dps and bpp. 

 
In the 

1
H spectrum of polymer 11 the shape 

of signal for magnetically equivalent protons  

at C(12) and C(19) remains unmodified  

(t, J= 7.5 Hz), in comparison with the 

corresponding signal in free bpp (t, J= 7.7 Hz), 

while the characteristic quartet for two propane 

protons at δH 1.89 ppm with the coupling constant 

of 7.7. Hz in bpp becomes a multiplet centred at 

δH 2.03 ppm in complex 11. Signals of ortho- 

carbon atoms in pyridyl fragment of complex 11 

are shifted upfield by 1.4 ppm, while the carbon 

atoms adjacent to the propane moiety resonate at a 

higher frequency (the downfield shift of 1.7 ppm), 

with respect to the corresponding signals in  
13

C spectrum of bpp (Tables 2 and 5 and  

Figure 6).  

Finally, we present the peculiarities 

observed by us of dps and dps-containing 

polymers 12-14. In the AA'XX' systems from the 
1
H NMR spectra of complexes 12-14, a small 

upfield shift has been noted for the close to 

sulphur heteroatom meta-protons of pyridyl rings 

(by  0.13 ppm), in comparison with the 
1
H NMR 

data of free dps (Tables 2 and 5, Figure 5).  
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Figure 6. Aromatic region in the 

13
C NMR spectra of complexes 12 and 11 versus ligands: dps and bpp. 

 
 

Interestingly and differently from the bpy-, 

bpe- and bpp- containing complexes, the 

resonances of these meta- carbons in pyridyl 

moieties of polymers 12-14 were found downfield 

by 4.4 ppm in the 
13

C NMR spectra, in 

comparison with free dps (e.g., δC 125.0 ppm for 

complex 12 versus δC 120.6 ppm for dps). Vicinal 

to sulphur atom pyridyl quaternary carbons, on 

the contrary, have shown an upfield shift  

(e.g., δC 143.5 ppm for complex 12 versus  

146.2 ppm for free dps), whilst the resonance 

frequency for ortho- pyridyl carbons does not 

significantly change (150.7 ppm versus  

150.4 ppm (Tables 2 and 5, Figure 6). In our 

opinion, the noted specific features in the  
13

C NMR data of complexes 12-14 can be 

explained by the concerted expression of the 

effects from the conjugation of p lone electron 

pairs of sulphur with neighbouring π-electron 

systems, and chelation. According to the classics 

in electrophilic aromatic substitution, in dps the 

electronegative sulphur atom with its two lone 

pairs of electrons represent a resonance donating 

agent that augment the electron density in the ring 

through resonance at C(3,5 and 3’,5’;  

δC 120.6 ppm). However, in the molecules of 

complexes 12-14, most probably due to the metal-

dps coordination, the electron density in the 

aromatic rings is redistributed, the nuclei of 

carbons under discussion becoming deshielded  

(in complexes 12-14 these are nuclei of atoms  

C(8,10 and 13,15)), that causes the downfield 

shift of these nuclei (δC 125.0 ppm), as afore-

described. Likewise, the induced by chelation 

electron density fluctuation can determine the 

shielding of C(9 and 14) nuclei in polymers  

12-14, when compared to the respective C(4 and 

4’) atoms in dps.  

Additional room-temperature (298 K) 

diffusion experiments on compound 

[Zn(CH3COO)2(NioxH2)dps]n 12, as well as 

NioxH2 and dps, were also conducted to establish 

the structure of 12 in solution (Figure 7). The 

translational diffusion coefficient value (D), 

which is a function of the molecular size and 

shape [25], was determined for complex 12 

showing a magnitude of 2.238×10
-10

 m
2
/s. To 

calculate D, the Stokes-Einstein equation has been 

used [25]. The observed D value is significantly 

different to those obtained for the solutions  

of dps and NioxH2 of the same molarities 

(3.09×10
-10

 m
2
/s and 1.778×10

-10
 m

2
/s, 

respectively). Thus, no dissociation of complex 12 

was found in DMSO-d6 solution. For solvent 

species present in solution, the following D values 

were calculated: 6.025×10
-10

 m
2
/s (DMSO) and 

7.762×10
-10

 m
2
/s (H2O). 

The presence of acetate/formate ligands in 

the molecules of complexes 1-4 and 9-14 was 

duly attested by the corresponding signals in the 
1
H and 

13
C NMR spectra of compounds (Tables 3 

and 5). Inclusion of the DMF molecules in the 

polymer matrixes of compounds 5 and 10 was 

ascertained by the characteristic chemical shifts 

for 
1
H and 

13
C nuclei of DMF that were present in 

the spectra of these compounds. The presence of 

crystallisation water in the studied complexes 

could not be ascertained by 
1
H NMR due  

to signal overlapping with the dissolved in 

DMSO-d6 water.  

45 



E. Gorincioi and E. Coropceanu / Chem. J. Mold., 2018, 13(2), 38-47 

 

 

 
Figure 7. DOSY spectrum of complex 12. 

 
 

Conclusions 
Homodinuclear Zn and Cd complexes 1-4, 

as well as coordination polymers 5-14 supported 

by 1,2-cyclohexanedionedioxime and bridging 

bidentate ligands: 4,4'-bipyridyl, 1,2-bis(4-

pyridyl) ethane, 1,3-bis(4-pyridyl) propane and 

dipyridyl sulphide have been characterized by 

using the 1D (
1
H, 

13
C, DEPT-135’) and 2D homo- 

(
1
H/

1
H COSY-45’) and heteronuclear  

(
1
H/

13
C HSQC and 

1
H/

13
C HMBC) NMR 

experiments in DMSO-d6 solutions. For the first 

time the spectral 
1
H and 

13
C NMR individual 

characteristics for complexes 1-14 are presented. 

The broad singlets identifying oxime protons were 

found to be particularly relevant for confirmation 

of the nioxime-metal coordination, also 

confirming the presence of intra- and 

intermolecular hydrogen atom bonds in the 

molecules under investigation. The resonance 

frequencies of the protons from the pyridyl 

fragments do not undergo significant changes 

after chelation. In the 
13

C spectra of complexes 

12-14 containing dipyridyl sulphide, noticeable 

change in the chemical shift for the para- (vicinal 

to sulphur) and meta- pyridyl carbon atoms, with 

respect to the free ligand, can serve as a proof of 

dps-metal coordination. 
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Abstract. This paper reports on the synthesis of a new trinuclear homometalic mixed-valence iron 

carboxylate cluster with furan-2-carboxylic acid. The complex with the formula 

[Fe2
III

Fe
II
O(C4H3OCOO)6(H2O)3]∙0.5CH3CN·2.25H2O was characterized by X-ray analysis that 

revealed that the compound crystalizes in the triclinic centrosymmetric group P-1, with the following 

unit cell parameters: a= 10.2758(6) Å, b= 11.5991(9) Å, c= 19.7349(15) Å, α= 105.060(7)°,  

β= 94.216(6)°, γ= 101.662(6)°. 
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Introduction 

Transition metal carboxylate compounds 

have a significant importance in coordination 

chemistry [1]. The big variety of carboxylic acids 

and the extraordinary ability of carboxylic groups 

towards coordination favoured the existence of a 

great number of metal carboxylate complexes. 

Carboxylate groups can coordinate to the metal in 

different ways [2], thus leading to the formation 

of different types of structures: mononuclear, 

polynuclear, polymeric or supramolecular 

compounds. 

The class of oxo-centered trinuclear 

complexes with the general formula 

[M3O(OOCR)6L3]
n+

 have been widely studied 

during the last centuries [3,4] not only due to the 

structural particularities but also due to the large 

spectrum of properties which emerge from the 

metal-metal interaction in the cluster. 

Although trinuclear iron complexes were 

studied for a long time, mixed-valence iron 

clusters began to be a research subject much later. 

The first detailed review of iron mixed-valence 

carboxylates was published by Robin, M. and 

Day, P. in 1967 [5]. However the class of  

mixed-valence iron carboxylate compounds was 

studied in detail by Turta, C. et al. [6-15] and they 

also performed the study of carboxylates by 

Mӧssbauer spectroscopy. The electron transfer 

processes were also studied by Oh, S. [16-19] and 

Wohler, S. [20]. 

Recently, it has been reported the 

possibility of using trinuclear clusters as 

precursors for the nanoparticle synthesis [21,22].  

Some studies were devoted to the study of 

magnetic interaction between heterometallic 

atoms [23,24], another to the study  

of thermal behaviour of the trinuclear  

clusters [25]. 

Polynuclear homo- and hetero- clusters 

with furan-2-carboxylic acid as a ligand were 

determined to manifest a large scale of properties 

as interesting magnetic behaviour [26], 

luminescent activity [27], biological activity with 

anti-tuberculosis properties [28], and ability of 

regulation of the biochemical composition of 

cyanobacterium Spirulina platensis biomass [29]. 

To continue the research on the use of the 

furan-2-carboxylic acid as a ligand in the 

synthesis of trinuclear clusters, we have 

synthesized and structurally characterized  

the [Fe2
III

Fe
II
O(C4H3OCOO)6(H2O)3]∙0.5CH3CN 

·2.25H2O compound by single crystal X-ray 

method. The presence of both iron(II) and 

iron(III) species was confirmed by using 

analytical methods of identification [30]. 

 

Experimental 

Materials 

All chemicals were purchased from 

commercial sources and used as received without 

further purification. 
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Starting materials were 

Cu2(C4H3OCOO)4·4H2O, FeCl2·4H2O, CH3OH 

(methanol), CH3CN (acetonitrile). The 

Cu2(C4H3OCOO)4·4H2O compound was 

synthesized by the reaction between (CuOH)2CO3 

and furan-2-carboxylic acid. The FeCl2·4H2O salt 

was synthesized by the reaction between metallic 

iron with hydrochloric acid. 

Synthesis of [Fe2
III

Fe
II
O(C4H3OCOO)6(H2O)3] 

∙0.5CH3CN·2.25H2O 

The mixture of copper(II) furan-2-

carboxylate salt (0.58 g, 1.8 mmol) and iron(II) 

chloride (0.36 g, 1.8 mmol) in methanol was 

stirred under argon atmosphere upon heating. 

After cooling, a yellow crystalline product was 

separated upon filtration and was further washed 

with methanol. Yellow prismatic crystals, suitable 

for X-ray analysis, were isolated upon 

recrystallization from acetonitrile solution. 

IR (cm
-1

): 3137.8 vw, 2971.8 vw, 2902.0 

vw, 1708.6 vw, 1597.8 w, 1578.8 m, 1565.8 m, 

1469.9 s, 1417.7 s, 1372.9 s, 1232.8 w, 1203.7 m, 

1140.5 w, 1076.3 w, 1015.7 m, 935.15 w, 884.31 

w, 799.5 w, 777.4 m, 758,44 m, 702,46 vw. 

Physical measurements 
The IR spectrum of the complex was 

recorded using a Perkin Elmer Spectrum 100  

FT-IR spectrometer in the range 4000–650 cm
-1

. 

X-ray crystallography. Suitable crystals for 

single crystal X-ray diffraction study  

of [Fe2
III

Fe
II
O(C4H3OCOO)6(H2O)3]∙0.5CH3CN 

·2.25H2O complex were grown by slow 

evaporation of CH3CN solution. 

X-ray diffraction measurements were 

carried out with an Oxford-Diffraction 

XCALIBUR E CCD diffractometer equipped with 

graphite-monochromated MoKα radiation. The 

unit cell determination and data integration were 

carried out using the CrysAlis package of Oxford 

Diffraction [31]. The structure was solved by 

direct methods using the Olex2 [32] software with 

the SHELXS structure solution program and 

refined by full-matrix least-squares on F² with 

SHELXL-97 [33] using an anisotropic model for 

non-hydrogen atoms. All H atoms were 

introduced in idealised positions (dCH= 0.96 Å) 

using the riding model. The positional parameters 

for H-atoms attached to O were verified by the 

geometric parameters of the possible hydrogen 

bonds. The molecular plots were obtained using 

the Olex2 program. The crystallographic data and 

refinement details are quoted in Table 1. CCDC 

1851865 contains the supplementary 

crystallographic data for this contribution. These 

data can be obtained free of charge via 

www.ccdc.cam.ac.uk/conts/retrieving.html (or 

from the Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ, 

UK; fax: (+44) 1223-336-033; or 

deposit@ccdc.ca.ac.uk). 

 
Table 1 

Crystal data and details of data collection for 

[Fe2
III

Fe
II

O(C4H3OCOO)6(H2O)3] 

∙0.5CH3CN·2.25H2O. 
Parameter Value 

Empirical formula  C31H30Fe3N0.5O24.25 
Fw 965.10 

T, K 293 
Space group P-1 

a, Å 10.2758(6) 
b, Å 11.5991(9) 

c, Å 19.7349(15) 

, ° 105.060(7) 

, ° 94.216(6) 

, ° 101.662(6) 
V, Å

3
 2204.7(3) 

Z 2 

calcd, g cm
-3

 1.454 

, mm
-1

 1.056 

Crystal size, mm 0.2 × 0.15 × 0.15 
2Θ range 5.952 to 57.76 

Reflections collected 16839 
Independent reflections 9896 [Rint= 0.0730] 

Data/restraints/parameters 9896/59/492 

R1
a 

0.0826 
wR2

b 
0.2087 

GOF
c 

1.000 
Largest diff. peak/hole / e Å

-3
 0.93/-0.51 

a
R1 = ||Fo|  |Fc||/|Fo|. 

b
wR2 = {[w(Fo

2
  Fc

2
)
2
]/[w(Fo

2
)

2
]}

1/2
. 

c
GOF = {[w(Fo

2
  Fc

2
)
2
]/(n  p)}

1/2
, where n is the 

number of reflections and p is the total number of 

parameters refined. 
 

 

Results and discussion 

The reaction between copper furoate and 

iron(II) chloride under argon atmosphere  

in methanol solution upon heating leads to  

the formation of a new mixed-valence  

trinuclear complex with the composition 

[Fe2
III

Fe
II
O(C4H3OCOO)6(H2O)3]∙0.5CH3CN 

·2.25H2O. It should be mentioned that in the case 

of furan-2-carboxylic acid, the typical reaction 

with an iron salt does not result in the formation 

of a trinuclear cluster, in this case a copper(II) 

furoate salt should be used instead [29]. 

According to X-ray crystallography, the 

investigated compound has a molecular crystal 

structure, which is built up from trinuclear  

mixed-valence [Fe2
III

Fe
II
O(C4H3OCOO)6(H2O)3] 

neutral entities co-crystallized with acetonitrile 

and water molecules in 1:0.5:2.25 ratio. The 

trinuclear units exhibit a typical μ3-oxo structure 

49 



O. Cuzan-Munteanu et al. / Chem. J. Mold., 2018, 13(2), 48-55 

 

where three iron atoms situated in the edges of a 

triangle are linked by μ3-oxigen atom as well as 

the six furan-2-carboxylic groups acting as 

bridging ligands (Figure 1). 

The geometric parameters of the 

coordination polyhedron of the metals, especially 

Fe-O1 bond distances could serve as a criterion 

for the analysis of the distribution of the Fe
2+

 and 

Fe
3+ 

within the trinuclear cluster. Nevertheless, 

the difference in the Fe1-O1 1.909(5) Å, Fe2-O1 

1.891(4) Å and Fe3-O1 1.923(5) Å is not so 

pronounced giving rise to the statistically 

distribution of the metal cations in 1:2 ratio for 

each metal center (Table 2). 

 

 

 

Each pair of iron atoms in the trinuclear 

core are separated at 3.2981(16), 3.2909(18) and 

3.3237(17) Å for Fe1∙∙∙Fe2, Fe2∙∙∙Fe3, Fe3∙∙∙Fe1 

atoms, respectively. The values of Fe1-O1-Fe2, 

Fe2-O1-Fe3, Fe3-O1-Fe1 angles vary in the range 

between 120.5(3) and 119.2(3). The sum  

of the angles around the μ3-oxygen atom is of 

360(8)º which confirms the planar configuration 

of the {Fe3µ3-O} fragment. The iron atoms are 

displaced from the mean plane defined by four 

equatorial oxygen atoms at 1.909(5), 1.891(4), 

1.923(5) Å towards the central µ3-O1 atom, 

respectively. 

Each iron atom has six-oxygen 

coordination in a slightly distorted octahedral 

geometry formed by four carboxylate oxygen 

atoms in the equatorial plane, the µ3-O atom and 

water molecules in the apical positions. 

The analysis of crystal structure packing 

shows the presence of dimeric aggregates  

formed due to intermolecular hydrogen bonding 

between one of the coordinated water  

molecule as donor and two carboxylate  

oxygen atoms of adjacent trinuclear complex as 

acceptor of protons, as shown in Figure 2. 

A similar aggregation of trinuclear 

complexes was observed previously for a  

hetero-trinuclear complex with the composition 

[Fe2MnO(CHCl2COO)6(THF)2H2O] [34] where 

the water molecule involved in H-bonding is 

coordinated to Mn
II
 atom.  

The crystal structure packing (Figure 3)  

is described as a three-dimensional 

supramolecular network consolidated through  

the hydrogen bonds between coordinated  

and solvate water molecules. A specific feature of 

3D packing consists in the formation  

of the parallel channels along crystallographic 

axis a, accommodating statistically  

distributed solvate water molecules. 

 
 

Figure 1. Molecular structure of the [Fe2
III

Fe
II

O(C4H3OCOO)6(H2O)3] complex.  

Only one position of disordered moieties is shown for clarity. 
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Table 2 

Selected bond lengths and angles for the [Fe2
III

Fe
II

O(C4H3OCOO)6(H2O)3]∙0.5CH3CN·2.25H2O complex. 

Bond d, (Å) Bond d, (Å) 

Fe1–O1 1.909(5) Fe2– O10 2.024(5) 

Fe1– O2 2.015(5) Fe2– O12 2.026(6) 

Fe1– O4 1.992(5) Fe2– O21 2.099(4) 

Fe1– O6 1.993(5) Fe3–O1 1.923(5) 

Fe1– O8 2.013(5) Fe3–O7 1.999(6) 

Fe1– O20 2.043(6) Fe3–O9 1.991(5) 

Fe2– O1 1.891(4) Fe3–O11 1.985(5) 

Fe2– O3 1.987(6) Fe3–O13 2.010(6) 

Fe2– O5 2.012(5) Fe3–O22 2.107(5) 

Angle ω, (°) Angle ω, (°) 

O1–Fe1–O2 95.1(2) O5–Fe2–O10 167.2(2) 

O1–Fe1–O4 94.5(2) O5–Fe2–O12 87.5(2) 

O1–Fe1–O6 94.4(2) O5–Fe2–O21 83.78(19) 

O1–Fe1–O8 95.2(2) O10–Fe2–O12 91.9(2) 

O1–Fe1–O20 178.9(2) O10–Fe2–O21 83.4(2) 

O2–Fe1–O20 85.7(2) O12–Fe2–O21 82.2(2) 

O4–Fe1–O2 88.5(2) O1–Fe3–O7 91.6(2) 

O4–Fe1–O6 170.6(3) O1–Fe3–O9 96.1(2) 

O4–Fe1–O8 90.4(2) O1–Fe3–O11 95.2(2) 

O4–Fe1–O20 86.2(2) O1–Fe3–O13 95.0(2) 

O6–Fe1–O2 88.0(2) O1–Fe3–O22 177.3(2) 

O6–Fe1–O8 91.5(2) O7–Fe3–O13 173.4(3) 

O6–Fe1–O20 84.8(2) O7–Fe3–O22 85.9(2) 

O8–Fe1–O2 169.7(3) O9–Fe3–O7 92.6(2) 

O8–Fe1–O20 84.0(2) O9–Fe3–O13 87.0(2) 

O1–Fe2–O3 96.2(2) O9–Fe3–O22 85.2(2) 

O1–Fe2–O5 96.03(19) O11–Fe3–O7 88.8(2) 

O1–Fe2–O10 96.8(2) O11–Fe3–O9 168.6(2) 

O1–Fe2–O12 96.3(2) O11–Fe3–O13 90.3(2) 

O1–Fe2–O21 178.5(2) O11–Fe3–O22 83.6(2) 

O3–Fe2–O5 89.9(2) O13–Fe3–O22 87.5(2) 

O3–Fe2–O10 87.9(2) Fe1–O1–Fe3 120.3(2) 

O3–Fe2–O12 167.4(2) Fe2–O1–Fe1 120.5(3) 

O3–Fe2–O21 85.3(2) Fe2–O1–Fe3 119.2(3) 

 

 
Figure 2. Two H-bonded complexes as a self-assembled centrosymmetric unit.  

Symmetry transformation used to generate equivalent atoms: -x, 2-y, 1-z.  
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Figure 3. Partial view of the packing diagram.  

 

The IR spectrum of the title compound 

shows multiple bands in the range of  

4000–650 cm
-1

, which were analysed according to 

the oscillation group concept [35]. According to 

this concept, the bands interpretation in a complex 

compound with many atoms is made on the basis 

of adsorption bands characteristic to certain 

functional groups. 

The minimal number of characteristic 

bands of a polyatomic compound is calculated 

according to the formula 3n-6, where n is the total 

number of atoms in the molecule, thus for  

85 atoms present in the studied complex, can be 

found 249 characteristic bands. Due to the fact 

that the range of the spectrum starts from  

650 cm
-1

, the number of bands decreases. Also, 

the same value of wave number 1/λ is 

characteristic for many functional groups, thus the 

peaks overlapping phenomenon is also present. 

According to the oscillation group theory, 

the presence of hydrogen bonds in water 

molecules is characterized by a broad signal 

(the broader the signal, the stronger the hydrogen 

bonds) in the range of 3200–2800 cm
-1

. In the 

given spectrum, this signal overlaps with the 

signals at: 3137.8; 2971.8; 2902.0 cm
-1

, which are 

characteristic for ν(C-H) oscillations of the 

furanic ring. 

The presence of protonated carboxylic 

groups, according to the same concept, can be 

identified by the presence of oscillations 

characteristic to the wave number of 1700 cm
-1

.  
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It is worth mentioning that as the result of 

complexation (the proton substitution and the 

formation of oxygen – metal bonds) the band 

characteristic to the wave number is shifted with 

150–200 cm
-1

, and we can identify the presence of 

two types of vibrations: symmetric and 

asymmetric valence vibrations. Thus in the 

studied spectrum, the bands characteristic for νas, 

νs(COO) were identified at 1565.8 and  

1417.7 cm
-1

. The magnitude of the separation 

between the carboxylate stretches,  

Δ= νas(COO) - νs(COO) has the value of  

148.1 cm
-1

 which confirms the bridging  

behaviour of the carboxylate group of the furan-2-

carboxylic ligand [36]. 

The values of the wave number oscillations 

characteristic to the 2-furan-carboxylic ligand, 

present in the IR spectrum follows: 1597.8; 

1578.8, 1469.9, 1372. 9 cm
-1

 for ν(ring), 1232.8; 

1140.5; 1076.3 cm
-1

 for β(C-H), 1015.7 cm
-1

 for 

ν(C-O-C), 935.15 for ring pulsation, 884.31 for 

β(ring), 777.4; 758.44 cm
-1

 for γ(C-H) [37]. 

From the oscillations presented above 

should be mentioned that the band at 884.31 cm
-1 

is essential in the determination of the presence of 

furan-2-carboxylic acid while the band at  

1015.7 cm
-1

 suggests that the oxygen atom from 

the furanic ring does not participate in the 

coordination of the ligand to the metal, thus the 

coordination occurs solely through the 

carboxylate groups. 

Simultaneously, all the bands in the wave 

number range 1400–650 cm
-1

 can be assigned to 

the fingerprint region of this complex [36,38]. 

 

Conclusions 
In this work, it is reported the synthesis of a 

new trinuclear mixed-valence iron carboxylate 

complex with the furan-2-carboxylic acid.  

The single-crystal X-ray characterization  

shows that the complex has a typical µ3-oxo 

structure with the composition 

[Fe2
III

Fe
II
O(C4H3OCOO)6(H2O)3]∙0.5CH3CN 

·2.25H2O. The presence of intermolecular 

hydrogen bonds favours the formation of a 

supramolecular structure by forming channels 

along crystallographic axis a. 
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Abstract. The new complexes [Ni(phen)3][Ge(HCit)2]·2H2O (1), [Ni(phen)3][Sn(HCit)2]·3H2O (2) 

(where phen is 1,10-phenanthroline, H4Cit is citric acid) were synthesized. The identity,  

composition, and thermal stability of the complexes were established by elemental analysis, 

thermogravimetry, and IR spectroscopy. According to the data of X-ray diffraction, the 

bis(citrate)germanate/bis(citrate)stannate [Ge/Sn(HCit)2]
2-

 is the anion, while [Ni(phen)3]
2+

 is the cation 

in the studied complexes. The coordination polyhedrons of Ge, Sn and Ni atoms are octahedral and are 

formed by three pairs of oxygen atoms of different types of two HCit
-3

 ligands or by three  

1,10-phenanthroline molecules. 
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Introduction 

Obtaining and determining of the structure 

of coordination compounds formed with 

biometals and hydroxycarbonic acids is of great 

interest nowadays because of the creation of new 

medicines on their basis. Citric acid is the direct 

participant of a cycle of three carbonic acids  

(the Krebs cycle) and is present in blood plasma 

[1]; germanium lactate-citrate possesses 

radioprotective properties [2].  

In the past few years, authors have shown 

that germanium(IV) and tin(IV) in water solution 

are able to form cation–anion coordination 

compounds with bis(citrate)germanate 

[Ge(HCit)2]
2-

 or bis(citrate)stannate [Sn(HCit)2]
2-

 

anions and octahedral [M(H2O)6]
2+ 

cations  

(M= Mg, Mn, Fe, Co, Ni, Cu, Zn) [3,4]. Such a 

type of coordination compounds show 

antihypoxic, cerebroprotective and antiviral 

properties [5]. Subsequently, new complexes with 

similar bis(citrate)germanate anions and cations 

[M(phen)3]
2+

 (phen - 1,10-phenantroline,  

M= Fe(II), Co(II)) and [CuCl(phen)2]
+
 have been 

synthesized and described by the authors [6,7]. A 

group of British and Portuguese scientists also 

have synthesized a number of complex 

compounds, which contain tris(oxalato-

O,O')germanate anion [Ge(C2O4)3]
2-

 and 

transition-metal cationic complexes 

[M(phen)3][Ge(C2O4)3]xH2O (where M
2+

 = Cu
2+

, 

Fe
2+

, Ni
2+

, Co
2+

) [8]. Synthesis of new analogical 

bis(citrato)stannates is also of particular interest. 

These complexes can not be prepared from SnO2 

because of its poor solubility in water and acids.  

This work is dedicated to the development 

of new synthesis methods and study of structure 

of new heterometal-different-ligand complexes of 

germanium(IV) or tin(IV) and nickel(II) with 

citric acid and 1,10-phenanthroline as promising 

biologically active compounds. 

 

Experimental 

Materials 

Germanium(IV) oxide (GeO2, 99.99%), 

tin(IV) chloride (SnCl4, 98%), citric acid 

(H4Cit·H2O, 99%), 1,10-phenanthroline (phen, 

99%), nickel(II) salts NiCl2·6H2O (99%) and 

Ni(CH3COO)2 ·4H2O (98%) were used as initial 

reagents for the synthesis of new complexes. 

Methods 

Elemental analysis for germanium, tin and 

nickel was performed using inductively coupled 

plasma atomic emission spectroscopy with an 

Optima 2000 DV instrument (PerkinElmer). 
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Analysis for C, H, and N was performed using a 

CE-440 Elemental Analyzer. 

Thermogravimetric analysis (TGA) was 

carried out using a Q-1500D with a heating rate of 

10°C/min on air in the temperature range  

20-1000°С.  

The IR spectra in the range of  

4000-400 cm
-1

 were recorded as potassium 

bromide pellets on a Frontier spectrometer 

(PerkinElmer). The absorption bands were 

attributed according to the reference data for citric 

acid and our earlier obtained germanium(IV) 

coordination compounds with hydroxycarboxylic 

acids [3,4,6,7]. 

X-ray crystallography. Crystal data for 

structures 1 and 2 were measured on a Xcalibur-3 

diffractometer (graphite monochromated MoKα 

radiation, CCD detector, ω-scanning). The 

structures were solved by the direct method using 

the SHELXTL package [9]. Full-matrix least-

squares refinement against F
2
 in anisotropic 

approximation was used for non-hydrogen atoms. 

Positions of hydrogen atoms were determined 

from electron density difference maps and refined 

by ―riding‖ model with Uiso= nUeq of the carrier 

atom (n= 1.5 for hydroxyl groups and n= 1.2 for 

other hydrogen atoms). CCDC 1854034 and 

1854035 contains the supplementary 

crystallographic data for 1 and 2, respectively. 

These data can be obtained free of charge via 

http://www.ccdc.cam.ac.uk/conts/retrieving.html, 

or from the Cambridge Crystallographic Data 

Centre, 12 Union Road, Cambridge CB2 1EZ, 

UK; fax: (+44) 1223-336-033; or e-mail: 

deposit@ccdc.cam.ac.uk. Full use of the CCDC 

package was also made for searching in the  

CSD Database. 

Synthesis 

[Ni(phen)3][Ge(HCit)2]·2H2O (1)  
A suspension of germanium(IV) oxide 

(0.0523 g, 0.5 mmol) and citric acid (0.21 g,  

1 mmol) in 100 mL of hot distilled water was 

stirred to dissolve reagents completely and slowly 

evaporated at 50°C to a 20 mL volume. After 

cooling the solution to the room temperature,  

20 mL of a 95% ethanol solution containing  

1,10-phenanthroline (0.27 g, 1.5 mmol) and 

NiCl2·6H2O (0.119 g, 0.5 mmol) were added. 

After 3 days, a pink-colored crystalline solid 

precipitated. Single crystals suitable for X-ray 

diffraction were collected from the reaction 

medium. 

Elemental composition, based on single-

crystal data for C48H38GeN6NiO16 (1086.14), 

analytically calculated in %: C 53.03, H 3.50,  

Ge 6.68, N 7.73, Ni 5.43; found for the  

as-synthesized bulk material (in %): C 52.78, H 

3.29, Ge 6.57, N 7.63, Ni 5.38. 

The thermal destruction of 1 (weight losses, 

m): 80-140°C, endothermic peak 100°C (-3.3%); 

290-360°C, endothermic peak 350°C (-24.7%); 

420-580°C, exothermic peak 530°C (-54.0%).  

Selected IR data for 1 (in cm
-1

): 3396 

ν(OH), 1722 ν(C=O), 1626 νas(COO
–
), 1588, 1518 

ν(C–CAr), 1393 νs(COO
–
), 1349 ν(C–N), 1086 

ν(C–O), 1151, 905, 855 δ(CH), 641 ν(Ge–O). 

The [Ni(phen)3][Ge(HCit)2]·2H2O (1) 

crystal data (M= 1086.14 g/mol): monoclinic, 

space group P2/c, a= 23.012(2), b= 11.3384(6), 

c= 18.5747(8) Å, β= 94.660(5)º, V= 4830.4(5) Å
3
, 

Z= 4, T= 294 K, μ(MoKα)= 1.090 mm
-1

,  

Dcalc= 1.494 g/cm
3
, 41649 reflections measured, 

9454 unique (Rint= 0.221, Rsigma= 0.214), which 

were used in all calculations. The final R1 was 

0.086 for 3980 reflections with I> 2σ(I)) and wR2 

was 0.213 (all data), S= 0.936. 

[Ni(phen)3][Sn(HCit)2]·3H2O (2) 

It was prepared by dissolving citric acid 

(0.01 mol, 4.2 g) in water (20 mL), further, this 

solution was brought to boiling, SnCl4 (0.005 mol, 

0.625 mL) was added, heated for 10 min and 

cooled. After addition of tin tetrachloride to the 

acid solution, pH was brought to 1 by adding 

ammonium hydroxide. This was done because the 

complexation does not take place in a highly 

acidic medium, while further increase in the pH 

results in hydrolysis.  

In the second step, the solution of 

Ni(CH3COO)2·4H2O in water (5 mL) was added, 

the mixture was stirred and the complex 

[Ni(H2O)6][Sn(HCit)2]·4H2O [3] crystallized at 

room temperature. The blue precipitate was 

filtered off on a Schott glass filter, washed with 

cold water, and dried at room temperature (20°С). 

In the third step, a suspension  

of [Ni(H2O)6][Sn(HCit)2]·4H2O (0.0523 g,  

0.5 mmol) and 1,10-phenanthroline (0.27 g,  

1.5 mmol) was stirred in 20 mL of warm distilled 

water. On the next day, a red crystalline solid 

precipitated, from which single crystals were 

collected mechanically and analyzed by X-ray 

crystallography. 

Elemental composition, based on single-

crystal data for C48H40N6NiO17Sn (1150.25), 

analytically calculated in %: C 50.12, H 3.39,  

N 7.31, Ni 5.13, Sn 10.35; found for the  

as-synthesized bulk material (in %): C 50.00,  

H 3.11, N 7.58, Ni 5.10, Sn 10.24. 

The thermal destruction of 2 (weight losses, 

m): 80-160°C, endothermic peak 150°C (-4.7%); 

270-320°C, endothermic peak 280°C (-15.7%); 
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320-360°C, endothermic peak 330°C (-7.7%); 

360-680°C, exothermic peak 570°C (-50.2%).  

Selected IR data for 2 (in cm
-1

): 3417 

ν(OH), 1723 ν(C=O), 1625 νas(COO
–
), 1589, 1518 

ν(C–CAr), 1427 νs(COO
–
), 1341 ν(C–N), 1077 

ν(C–O), 1144, 940, 869 δ(CH), 537 ν(Sn–O). 

The [Ni(phen)3][Sn(HCit)2]·3H2O (2) 

crystal data (M= 1150.26 g/mol): monoclinic, 

space group P2/c, a= 23.026(1), b= 11.2346(7), 

c= 18.5169(8) Å, β= 93.917(3)º,  

V= 4778.8(4) Å
3
, Z= 4, T= 294 K,  

μ(MoKα)= 0.998 mm
-1

, Dcalc= 1.599 g/cm
3
,  

41535 reflections measured, 9367 unique (Rint= 

0.096, Rsigma= 0.082) which were used in all 

calculations. The final R1 was 0.066 for 6794 

reflections with I> 2σ(I)) and wR2 was 0.164 (all 

data), S= 1.073. 

 

Results and discussion 
Complexes 1 and 2 are crystalline solids 

which are stable on air with the similar molar 

ratio Ge(Sn):citrate:Ni:phen= 1:2:1:3, molecular 

structures are presented in Figure 1. The crystal 

packing of [Ni(phen)3][Ge/Sn(HCit)2]·nH2O is 

presented in Figure 2. 

The thermal decomposition of 1 starts with 

an endotherm peak within the temperature range 

of 80-140°C, which is due to the elimination to 

the gas phase of two molecules of crystallized 

water. During further heating within the 

temperature range from 290 to 360°C, complex 1 

eliminates one molecule of phenanthroline and 

two СО2 molecules from the malate ligands.  

The first endothermic peak on the 

thermogravimetric curve of 2 is due to the 

elimination of three water molecules to the gas 

phase. The second endothermic peak corresponds 

to the loss of two СО2 molecules; complex 2 

eliminates one molecule of phenanthroline  

(the third endothermic peak) within the 

temperature range 320-360°C. 

Finally, complexes 1 and 2 undergo 

oxidative thermal degradation and combustion of 

the organic part of their molecules. According to 

the calculated weight loss on the 

thermogravimetric curve of complexes, the 

extensive thermal decomposition (1000°С) of 1 

gives nickel(II) metagermanate while in the case 

of 2, nickel(II) stannate is formed.  

The IR spectra of compounds 1 and 2 were 

found to exhibit similar sets of absorption bands, 

which were compared with the data obtained for 

other different-metal and different-ligand 

bis(citrato)germanates and bis(citrate)stannates 

[3,4,6,7]. The presence of a free carboxyl group  

–COOH in the molecules of the obtained 

complexes is indicated by the ν(C=O) band at 

1720 cm
–1

 in their IR spectra [11]. In comparison 

with the IR spectrum of citric acid, the spectra of 

complexes 1 and 2 show characteristic νas(COO
–
) 

and νs(COO
–
) bands, alkoxide type ν(C–O) bands 

at 1080 cm
–1

, and Ge–O, Sn-O stretching bands.  

 
(a) 

 
(b) 

 
(c) 

Figure 1. Molecular structure of the 

[Ge/Sn(HCit)2]
2-

 anion (a) and [Ni(phen)3]
2+

 

cations of type A (b) and B (c) in structure 1,  

the one phen is disordered in two positions. 
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Figure 2. The crystal packing of [Ni(phen)3][Ge/Sn(HCit)2]·nH2O. View along the b crystallographic axis. 

 

 
 

The absorption band at 1340 cm
-1

 can be 

assigned to the ν(CN) heterocycle, the bands at 

1588, 1518 cm
-1

 - to the ν(C-C) phenanthroline 

ring vibrations. There are found deformation 

vibrations δ(C-H) of the aromatic rings: planar 

vibrations at 1041 cm
-1

; non-planar vibrations at 

region 987-905 cm
-1

 [12]. 

The [Ni(phen)3][Ge/Sn(HCit)2]·nH2O 1 and 

2 were found to be complex salts that  

exist as hydrates in crystal phase. The 

bis(citrate)germanate [Ge(HCit)2]
2- 

in 1 and 

bis(citrate)stannate [Sn(HCit)2]
2-

 in 2 carries out 

the role of dianion while nickel [Ni(phen)3]
2+ 

complexes are cations in both compounds.
 
There 

are two parts of cations in the independent part of 

the unit cell in both structures. This is caused by 

the fact that Ni atoms are located in a special 

position on the 2-fold axis. Such a structure of 

compounds 1 and 2 is very similar to the 

previously described complexes [6]. 

The coordination polyhedrons of Ge/Sn 

atoms in 1 and 2 are distorted octahedrons,  

which are formed by two trident chelate HCit
3-

 

ligands. As a result, three pairs of different types 

oxygen atoms coordinate Ge/Sn atoms:  

hydroxyl (the O3 ad O10 atoms), α-carboxylate 

(the O1 and O8), β-carboxylate (the O4 and  

O11 atoms) (Figure 1(a)). The Ge-O bond lengths 

in 1 are not equivalent to the ones obtained 

previously in related structures [3,6]. The lengths 

of Ge1-O3 and Ge1-O10 hydroxyl bonds are 

shorter than the carboxylate bonds (Table 1). In 

the germanium complex Ge1-O1 coordinative 

bonds with one ligand are different: the bond with 

the α-carboxylate oxygen atom is slightly shorter 

than the bond with the β-carboxylate oxygen  

atom (Table 1). Similar coordinative bonds  

with another ligand are very close. It should be  

noted, that all coordinative bonds with 

carboxylate oxygen atoms are almost equal in the 

complex with the tin atom. The values of  

O—Ge/Sn—O bond angles in 1 and 2 varies 

within 81.9(2)–98.5(2)°. 

The coordination of the Ge atom in 1 and 

the Sn atom in 2 by the organic ligands forms two 

five- and two six-membered metallocycles.  

Layer of cations 

of type B 

Layer of cations 

of type A 

Layer of anions 
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The Ge1-O4-C4-C3-C2-O3 and Ge1-O11- 

C10-C9-C8-O10 or Sn1-O4-C4-C3-C2-O3  

and Sn1-O11-C10-C9-C8-O10 six-membered 

cycles adopt a half-chair conformation. 

Corresponding puckering parameters and atom 

deviations, and hydrogen bonds geometrical 

characteristics are given in Tables 2 and 3.  

Five-membered cycles in structures 1 and 2 adopt 

an envelope conformation. The O3 and O10 

atoms in 1 and 2 deviate from the mean-square 

plane of the remaining atoms of the corresponding 

cycles by 0.56 Å, -0.58 Å and 0.63Å, -0.83Å, 

respectively. 

Ni atoms are coordinated by three 

molecules of phenanthroline in cations of the 

structures 1 and 2. The location of Ni atoms in a 

special position causes the fact that only 1.5 

phenanthroline molecules are symmetrically 

independent (Figure 1(b)). One of the  

1,10-phenanthroline molecules is disordered over 

two positions with equal populations due to 

symmetrical position relatively the 2-fold axis in 

the cation B of structure 1 (Figure 1(с)). 

 
Table 1 

Selected bond lengths (Å) and bond angles (°) in structures 1 and 2.  

Structure 1 

Bond Bond length, Ǻ Bond Bond length, Ǻ 

Ge1—O1 1.909 (5) Ni1—N2 2.075 (6) 

Ge1—O3 1.808 (5) Ni1—N3 2.072 (6) 

Ge1—O4 1.940 (5) Ni2—N4 2.108 (7) 

Ge1—O8 1.925 (5) Ni2—N5 2.084 (7) 

Ge1—O10 1.824 (5) Ni2—N6A 2.178 (11) 

Ge1—O11 1.920 (6) Ni2—N6B 2.03 (2) 

Ni1—N1 2.111 (6)   

Bond angle Bond angle value, deg Bond angle Bond angle value, deg 

O1—Ge1—O4 88.6 (2) N2—Ni1—N1  80.0 (2) 

O1—Ge1—O8 89.8 (2) N3—Ni1—N1
1
 95.6 (2) 

O3—Ge1—O1 86.7 (2) N3—Ni1—N2
1
 94.3 (2) 

O3—Ge1—O4 92.6 (2) N3—Ni1—N2 94.0 (2) 

O3—Ge1—O10 98.5 (2) N4
2
—Ni2—N6A

2
 98.9 (5) 

O3—Ge1—O11 92.3 (2) N4
2
—Ni2—N6A 89.2 (5) 

O8—Ge1—O4 83.8 (2) N4—Ni2—N6A 98.9 (5) 

O10—Ge1—O1 94.7 (2) N5
2
—Ni2—N4 93.2 (3) 

O10—Ge1—O8 85.3 (2) N5—Ni2—N4 79.0 (3) 

O10—Ge1—O11 91.6 (2) N5
2
—Ni2—N5 90.7 (4) 

O11—Ge1—O4 85.3 (2) N5—Ni2—N6A 93.8 (4) 

O11—Ge1—O8 90.9 (2) N6A—Ni2—N6A
2
 84.2 (8) 

N1—Ni1—N1
1
 90.5 (3) N6B—Ni2—N4 90.8 (5) 

N2—Ni1—N1
1
 92.4 (2)   

Structure 2 

Bond Bond length, Ǻ Bond Bond length, Ǻ 

Sn1—O1 2.065 (4) Ni1—N1 2.102 (5) 

Sn1—O3 1.993 (4) Ni1—N2 2.095 (5) 

Sn1—O4 2.075 (4) Ni1—N3 2.073 (3) 

Sn1—O8 2.077 (3) Ni2—N4 2.096 (5) 

Sn1—O10 2.003 (4) Ni2—N5 2.091 (4) 

Sn1—O11 2.054 (4) Ni2—N6 2.077 (4) 

Bond angle Bond angle value, deg Bond angle Bond angle value, deg 

O1—Sn1—O4 87.23 (17) N2—Ni1—N1
3
 93.3 (2) 

O1—Sn1—O8 92.87 (15) N2—Ni1—N1 79.4 (2) 

O3—Sn1—O1 81.97 (15) N3—Ni1—N1
3
 95.62 (19) 

O3—Sn1—O4 89.46 (16) N3—Ni1—N2 93.6 (2) 

O3—Sn1—O11 95.07 (14) N5
2
—Ni2—N4 92.83 (17) 

O4—Sn1—O8 87.30 (16) N5—Ni2—N4 79.56 (17) 

O10—Sn1—O1 97.40 (16) N6—Ni2—N4 94.76 (17) 

O10—Sn1—O8 81.02 (15) N6—Ni2—N5 94.73 (17) 

O10—Sn1—O11 88.45 (15) N6—Ni2—N5
2
 93.60 (17) 

O11—Sn1—O4 87.40 (16) N6—Ni2—N6
2
 79.7 (2) 

O11—Sn1—O8 89.78 (15)   
1
 -x+2, y, -z+3/2; 

2
 -x+1, y, -z+1/2, 

3 
-x, y, -z+1/2 
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Table 2 

The conformational characteristics of metalocycles in anions of structures 1 and 2. 

Cyclic atoms 
Mean plane 

accuracy, Å 

Atom/Deviations 

from the mean 

plane, Å  

Puckering parameters [13] 

S θ, ° ψ, ° 

Structure 1 

Ge1–O4–C4–C3–C2–O3 0.02 C2 -0.3 

O3 0.61 

0.93 49.66 25.41 

Ge1–O11–C10–C9–C8–O10 0.02 C8 -0.29 

O10 0.61 

0.97 32.65 26.21 

Structure 2 

Sn1–O4–C4–C3–C2–O3 0.03 C2 -0.4 

O3 0.63 

0.96 52.18 26.91 

Sn2–O11–C10–C9–C8–O10 0.02 C8 -0.31 

O10 0.62 

1.0 29.38 28.34 

 

 

Table 3  

The hydrogen bonds geometrical characteristics for structures 1 and 2.  

D—H···A H···A, Å D···A, Å D—H···A, ° 

Structure 1 

O7—H7···O9
1
 1.79 2.600 (9) 171 

C41—H41···O13 2.30 3.227 (13) 171 

O15—H15A···O6 2.08 2.903 (10) 164 

O15—H15B···O10 1.99 2.823 (8) 166 

O16—H16A···O5 2.01 2.860 (10) 178 

O16—H16B···O15
2
 2.02 2.815 (10) 155 

Structure 2 

O13—H13···O17A 1.88 2.692 (10) 168 

O13—H13···O17B 2.13 2.71 (3) 128 

O15—H15A···O10 2.00 2.801 (7) 161 

O16—H16A···O15 2.09 2.857 (9) 150 

O17A—H17A···O5
3
 2.01 2.808 (11) 156 

O17B—H17C···O16 2.10 2.90 (2) 157 
1
 x, -y+1, z+1/2;  

2
 x, y-1, z; x, 

3
 -y+2, z-1/2. 

 

 
 

The Ni coordination polyhedron is 

octahedron in all cations of the structures 1 and 2. 

The Ni1-N bond lengths vary within the range of 

2.073(6)-2.111(6) Å, and Ni2-N bonds have the 

lengths about of 2.077(4)-2.179(10) Å in 

structures 1 and 2. The former bond lengths are 

well within the expected values, as revealed by a 

search in the CSD [13] for structures containing 

[Ni(phen)3]
2+

 cations (162 entries; range  

2.04-2.19 Å). The N-Ni1-N bond angles vary 

within 80.0(2)-95.6(3)° in the cation of  

type A and within 79.0(3)-99.1(5)° in the cation 

of type B in structures 1 and 2 (Table 1). 

In the crystal phase anions, cations, and 

water molecules of compounds 1 and 2 form 

alternate layers, which are parallel to the  

bc crystallographic plane (Figure 2). The layers 

can be divided into three types: 1) layers 

containing only anions; 2) layers containing 

cations of type A; 3) layers consisting of cations 

of type B. The anions within the layer are bound 

by the O—H···O intermolecular hydrogen bonds 

(as shown in Table 3). 

 

Conclusions 
Complexes of germanium(IV) and 

nickel(II) with citric acid and 1,10-phenanthroline 

were synthesized. The method of synthesis of 

tris(phenanthroline)nickel(II) bis(citrate)stannate 

using complex [Ni(H2O)6][Sn(HCit)2]·4H2O as a 

starting compound was proposed for the 

 first time. It was established, that 

[Ge/Sn(HCit)2]
2-

 anions with similar structure take 

part in the formation of obtained compounds.  

The coordination polyhedrons of the Ge/Sn are 

octahedral and are formed by three pairs of 

oxygen atoms of different types of two  

HCit
-3

 ligands. The structure of thеsе compounds 

is very similar to the structure of complexes 

[Co(рhen)3][Ge(HCit)2]·2H2O and 

[Fe(рhen)3][Ge(HCit)2]·4H2O, that have been 

previously described by the authors. Changing of 
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metal from Co and Fe to Ni in the structure of 

cation does not influence the type and structure of 

formed bis(citrato)germanates. 
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Abstract. The chemical composition of industrially obtained Levisticum officinale W.D.J. Koch 

(lovage) essential oil of Moldovan origin was analysed by means of chromatographic (GC-MS) and 

spectral (IR, 
1
H and 

13
C NMR) methods. According to gas chromatography-mass spectrometry analysis 

of the studied essential oil, thirty-two known and two unknown constituents were identified. The main 

components of L. officinale essential oil are monoterpenic hydrocarbons, which make up to 53.50% of 

the total number of components. L. officinale essential oil is also characterized by a high content of 

oxygenated monoterpenes (alcohols, cetones and esters), which reaches up to 33.60%. For the first time 

the presence of 6-butyl-cyclohepta-1,4-diene (0.56%) and 7-formyl-4-methyl-cumarine (0.15%) in 

lovage essential oil is reported. Antibacterial and antifungal activities of mentioned oil were evaluated 

in vitro on five strains of microorganisms. It was found that lovage volatile oil (L. officinale) exhibits 

high antibacterial and antifungal properties in the range of concentrations 0.015-0.030%. 
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Introduction 

Levisticum officinale W.D.J. Koch 

(Lovage) is a perennial, aromatic species 

belonging to Apiaceae family. It is native to 

Southwest Asia and Southern Europe [1,2], 

naturalized in many temperate regions and 

nowadays being cultivated throughout the  

world. All parts of the plant (seeds, leaves and 

roots) are strongly aromatic, being widely used in 

food, pharmaceutical, perfume and tobacco 

industries [3-5]. This plant has been used over the 

centuries as a traditional medicinal remedy that 

has spasmolytic, diuretic and carminative 

activities [6,7]. 

Many scientific studies showed 

antibacterial and antibiotic-potentiation [8,9], 

anti-inflammatory, antitumor, antioxidant 

[5,10,11], hepatoprotective [12], neuroprotective 

[13], spasmolytic and diuretic [14,15], 

nephroprotective and lytolytic [16] effects of  

L. officinale. These important therapeutic and 

flavouring properties are mainly attributed to the 

content of bioactive secondary metabolites, 

especially polyacetilenes, essential oil, 

polyphenols (flavonoids, phenolic acids), 

coumarins (furano- and pyranocoumarins), 

saponins and alkaloids [11,17-20].  

The composition of the essential oil of  

L. officinale has been studied extensively and over 

190 compounds were reported in its root,  

seed and leaf oil [6,9]. The main constituents  

of the essential oil are phthalides  

(butylidene-, dihydrobutyliden-, butyl- and 

propylidenephthalide; sedanonic anhydride;  

cis- and trans-ligustilide; senkyunolide; 

isosenkyunolide, validene-4,5-dihydrophthalide), 

terpenoids (α- and β-pinene, α- and  

β-phellandrenes, γ-terpinene, carvacrol, eugenol, 

and α-terpineol) and carboxylic acids (butyric, 

isovaleric, maleic, and angelic acids) [4,21-25]. 

The purpose of this paper is to establish the 

chemical composition and evaluate the 

antimicrobial activity of the essential oil of  

L. officinale cultivated industrially in climatic and 

soil conditions specific to Republic of Moldova. 

 

 

Experimental 

Materials 

The sample of L. officinale essential oil was 

offered by the Moldovan-French company 

“Molsalvia” Pervomaysk village, Causeni district. 
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The essential oil (n
20

D= 1.4810) was obtained 

industrially by hydrodistillation of the aerial part 

of L. officinale collected in July of 2017. 

Methods 

The GC-MS analysis of the L. officinale 

essential oil was carried out on an Agilent 

Technologies 7890A system with 5975C Mass-

Selective Detector (GC-MSD) equipped with 

split-splitless injector (split, 250
o
C, split ratio 

1:50, 1 μL) and HP-5 ms capillary calibrated 

column (30 m x 0.25 mm x 0.25 μm); the carrier 

gas: helium 1.1 mL/min; oven: 70
o
C-2 min, 

5
o
C/min-200

o
C-20/min-300

o
C/5 min; MSD in 

scan 30-300 amu, 15 min, 30-450 amu, solvent 

delay 3 min 40 s. 

IR spectra were recorded on a Spectrum-

100FT-IR spectrometer using the attenuated total 

reflection technique. 
1
H and 

13
C NMR spectra were acquired in 

CDCl3 on a Bruker Avance DRX 400 

spectrometer (400 MHz). All chemical shifts are 

quoted on the δ-scale in ppm and referred to 

residual CHCl3 (δH at 7.26 ppm) and as CDCl3  

(δC at 77.00 ppm), respectively. 

Antimicrobial activity assays 

As test-microorganisms for the evaluation 

of the antimicrobial activity of lovage essential  

oil (L. officinale) were used the following:  

non-pathogenic Gram-positive and Gram-negative 

strains of Bacillus subtilis CNMN BB-01 and 

Pseudomonas fluorescens CNMN-PFB-01, 

respectively; phytopathogenic strains of 

Xanthomonas campestris, Erwinia amylovora, 

Erwinia carotovora and a fungus strain of 

Candida utilis. 

 For testing, the successive double dilution 

method was used. For this, at the initial stage,  

1 mL of peptone broth for test bacteria and 

Sabouraud broth for test candida was introduced 

into a series of 10 tubes. Subsequently, 1 mL of 

the analysed preparation was dropped into the 

first test tube. Then, the obtained mixture was 

pipetted, after which 1 mL of it was transferred to 

the next tube, so the procedure was repeated until 

the tube no. 10 of the series. Thus, the 

concentration of the initial preparation decreased 

2-fold in each subsequent tube.  

At the same time, 24 hour test-

microorganisms cultures were prepared.  

Initially, suspensions of test 

microorganisms were prepared with optical 

densities of 2.0 for tested bacteria and 7.0 for 

fungus according to the McFarland index. 

Subsequently, 1 mL of the obtained microbial 

suspension was dropped in a tube containing  

9 mL of sterile distilled water. The content of the 

tube was mixed, after which 1 mL was transferred 

to the tube no. 2 of the 5-tube series containing  

9 mL of sterile distilled water. 

From the 5-th tube of the series were taken 

0.1 mL of the microbial suspension, which 

represent the seeded dose and added to each tube 

with titrated preparation. Subsequently, the tubes 

with titrated preparation and the seeded doses of 

the microorganisms were kept in the thermostat at 

35°C for 24 hours. On the second day, a 

preliminary analysis of the results was made.  

The last tube from the series in which no visible 

growth of microorganisms has been detected is 

considered to be the minimal inhibitory 

concentration (MIC) of the preparation. 

For the estimation of the minimal 

bactericidal and fungicidal concentrations (MBC, 

MFC), the contents of the test tubes with MIC and 

with higher concentrations are seeded on peptone 

and Sabouraud agar from Petri dishes with the use 

of the bacteriological loop. The seeded dishes are 

kept in the thermostat at 35
o
C for 24 hours. The 

concentration of the tested preparation that does 

not allow the growth of any colony of 

microorganisms is considered to be the minimal 

bactericidal and fungicidal concentrations of the 

preparation [26]. 

 

Results and discussion 

Lovage chemical composition evaluation  

According to gas chromatography-mass 

spectrometry analysis of studied essential oil 

thirty two known and two unknown constituents 

were identified (Figure 1). 
 

 
Figure 1. GC chromatogram of L. officinale 

essential oil. 
 

It must be mentioned that the main 

components of L. officinale essential oil are 

monoterpenic hydrocarbons which make up to 

53.50% of the total number of components  

(Table 1). Of these may be mentioned  
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β-phellandrene (22.39%), β-mircene (8.66%),  

γ-terpinene (6.84%), (Z)-β-ocimene (3.51%)  

and sabinene (3.39%) which are evidenced by a  

higher content. 

As well, L. officinale essential oil is 

characterized by a high content of oxygenated 

monoterpenes (alcohols, cetones and esters) 

which reaches up to 33.60%. Of these, should be 

mentioned α-terpinyl acetate (30.99%),  

α-terpineol (1.11%) and geranyl acetate (0.55%). 

From the sesquiterpenoid series only germacrene 

D (0.29%) was identified. 

It is significant the presence of some 

phtalides like (Z)-3-buthylidene phtalide 29  

(RT= 22.428, 0.23%), (Z)-ligustillide 31  

(RT= 23.942, 11.19%) and (E)-ligustillide 32  

(RT= 25.201, 0.20%) (Figure 2). 

For the first time, the presence of 6-butyl-

cyclohepta-1,4-diene 18 (0.56%) and 7-formyl-4-

methyl-cumarine 30 (0.15%) in lovage essential 

oil is reported (Figure 3). 

The molecular mass of all identified 

compounds was confirmed by mass-spectrometry 

analysis. 

 
Table 1 

Phytochemical composition of L. officinale essential oil of Moldovan origin. 

No. 
RT* 

(min) 
Component % No. 

RT* 

(min) 
Component % 

1 4.294 α-Thujene 0.578 18 9.641 6-Butyl-cyclohepta-1,4-diene 0.557 

2 4.442 α-Pinene 1.998 19 10.187 Terpinen-4-ol 0.278 

3 4.739 Camfene 0.240 20 10.460 Cryptone 0.130 

4 5.209 Sabinene 3.396 21 10.533 α-Terpineol 1.111 

5 5.298 β-Pinene 0.588 22 12.248 Linalyl acetate 0.107 

6 5.550 β-Mircene 8.657 23 13.040 Bornyl acetate 0.085 

7 5.866 α-Phellandrene 2.693 24 13.985 (E)-Sabynil acetate 0.044 

8 6.001 -3-Carene 0.043 25 14.859 α-Terpinyl acetate 30.992 

9 6.141 α-Terpinene 0.204 26 15.085 Perillyl alcohol 0.147 

10 6.339 p-Cymene 1.455 27 15.520 Geranyl acetate 0.545 

11 6.536 β-Phellandrene 22.393 28 18.010 Germacrene D 0.292 

12 6.608 (Z)-β-Ocimene 3.506 29 22.428 (Z)-3-Buthylidene phtalide 0.232 

13 6.836 (E)-β-Ocimene 0.204 30 23.484 7-Formyl-4-methyl-cumarine 0.146 

14 7.149 γ-Terpinene 6.841 31 23.942 (Z)-Ligustillide 11.188 

15 7.858 (+)-4-Carene 0.699 32 25.201 (E)-Ligustillide 0.202 

16 8.134 Linalool 0.107 33 30.385 [M]
+
 258 m/z 0.142 

17 8.780 (E)-4-Thujanol 0.050 34 30.471 [M]+ 286 m/z 0.084 

*RT - retention time. 

 

 
 

Figure 2. The structure of (Z)-3-buthylidene phtalide 29, (Z)-ligustillide 31 and (E)-ligustillide 32. 

 

 
 

Figure 3. The structure of 6-butyl-cyclohepta-1,4-diene 18 and 7-formyl-4-methyl-cumarine 30. 
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The presence of constituents mentioned 

above is confirmed by spectral analysis. Thereof, 

in IR spectra of L. officinale essential oil there are 

absorption peaks of exocyclic and trisubstituted 

double bonds from identified terpenic molecules 

at 3011, 1670, 1636, 1366 and 876 cm
-1

. Peaks 

representing ester groups (acetates) are localized 

at 1730 and 1256 cm
-1

 and that from 1772 cm
-1

 

confirm the presence of unsaturated lactones. 

The 
1
H NMR spectrum can be divided in  

2 zones. The first one includes singlet signals of 

methyl groups localized in strong field:  

gem-dimethyls at 0.86-0.99 ppm, methyl groups 

attached to hydroxylated carbon atoms at  

1.38-1.41 ppm. Singlets of the methyl groups 

adjacent to double bonds are visible at  

1.58-1.69 ppm, and that of methyl groups from 

acetates are localized at 1.93 ppm. Protons of 

exocyclic methylene groups and those adjacent to 

double bonds are visible in the weaker field as 

doublets or broad singlets from 4.69 ppm to  

6.12 ppm. 

The 
13

C NMR spectra are in accordance 

with proton spectra. The signal of primary carbon 

atoms (-CH3) are localized from 19.41 ppm to 

42.54 ppm, of tertiary hidroxylated carbon atoms 

(≥C-OH) at 84.69 ppm, of secondary exocyclic 

carbons (=CH2) at 109.83 ppm, of tertiary 

unsaturated carbon atoms (-CH=CH- or >C=CH) 

at 120.3 ppm. The signal of quaternary carbon 

atoms (>C=O and lactonic) are visible at  

170.28 ppm. 

Antimicrobial activity evaluation 

Lovage volatile oil (L. officinale) exhibits 

high antibacterial and antifungal properties in the 

range of concentrations 0.015-0.030% (Table 2). 

It can be mentioned that the antimicrobial 

properties of the lovage extract are due to the high 

content of β-phellandrene (RT= 6.536, 22.39%), 

α-terpinyl acetate (RT= 14.859, 30.99%) and  

(Z)–ligustillide (RT= 23.942, 11.19%).  

The above-mentioned compounds exhibit 

pronounced antimicrobial properties through 

mechanisms that include: breaking of the cell  

wall and cytoplasmic membrane, reduction of the 

cytoplasm around the nucleus, disturbance  

of the lipid fraction of the plasma  

membrane resulting in the alteration of its 

permeability and the leakage of the intracellular  

content [27-29]. 
 

Table 2 

The antimicrobial activity (MBC, MFC)
*
 of the oil extracted from the Levisticum officinale plants. 

Test-microorganisms 
Concentration (%)  

0.25 0.12 0.06 0.03 0.015 0.007 0.0035 0.0017 

Bacillus subtilis CNMN BB-01 

(4.8 x 10
8
 CFU/mL) 

- - - - + + + + 

Pseudomonas fluorescens CNMN-PFB-01 

(4.8 x 10
8
 CFU /mL) 

- - - - + + + + 

Xanthomonas campestris 

(4.8 x 10
8
 CFU /mL) 

- - - - - + + + 

Erwinia amylovora 

(4.8 x 10
8
 CFU /mL) 

- - - - + + + + 

Erwinia carotovora 

(4.8 x 10
8
 CFU /mL) 

- - - - - + + + 

Candida utilis 

(3.0 x 10
7
 CFU /mL) 

- - - - + + + + 

*
MBC- minimal bactericidal concentration; 

 MFC- minimal fungicidal concentration. 

 
 

Conclusions 
The qualitative (IR, 

1
H and 

13
C NMR) and 

quantitative (GC-MS) analyses of industrially 

obtained Levisticum offcinale essential oil of 

Moldovan origin were performed for the first 

time. As a result, thirty-two constituents, most of 

them, belonging to monoterpens, their  

derivatives and sesquiterpenoids with the  

total content of 87.30% were identified, together 

with some specific for the mentioned species 

butyl phtalides (11.62%). The in vitro tests  

have shown that the minimal bactericidal and 

fungicidal concentrations of oil extracted  

from L. officinale against B. subtilis,  

P. fluorescens, X. campestris, E. amylovora,  

E. carotovora and C. utilis are quite low  

0.015-0.03%, which denotes its high antibacterial 

and antifungal activity. 
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Abstract. The adsorption of strontium ions from aqueous solutions on nut shells activated carbons 

(samples CAN-7 and CAN-8) at different temperatures has been studied. The isotherm of adsorption of 
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small and high equilibrium concentrations. As the temperature increases, the adsorption values 

decrease, which indicates that the adsorption process is exothermic. 
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Introduction 

It is known that the carbon adsorbents 

obtained from olive stones have an enhanced 

adsorption capacity to Pb
2+

, and those obtained 

from almond shells have a competitive adsorbent 

capacity [1-2]. The adsorption capacity depends 

on the metal used, being in the following order: 

Tl
+
 > Sr

2+
 > Co

2+
 > Cs

+
 [1-2]. Rivera-Utrilla, J. 

and Ferro-Garcia, M.A. stated that with increasing 

activation time, the adsorption of cobalt ions from 

solutions increases [2]. The activated carbon 

made from almond shells with a specific surface 

area of 1820 m
2
/g has an enhanced adsorbent 

capacity to cobalt ions. In another publication the 

adsorption of zinc, cadmium and copper ions on 

activated carbon, obtained from almond shells, 

olive kernels and peach kernels, has been studied, 

which showed that the obtained activated carbons 

had on their surface basic acidic functional groups 

and high values of specific surfaces [3]. The 

nature of the raw material for the activated 

carbons production has an important role in the 

adsorption process of heavy metal cations  

from aqueous solutions. It is stated that the  

adsorption of Zn
2+

 and Cd
2+

 ions on these 

adsorbents decreases with increasing temperature 

(exothermic effect), while the adsorption of 

copper ions on the same adsorbents increases 

(endothermic effect) [3]. Another research team 

studied the adsorption of strontium ions from 

aqueous solutions on various adsorbents obtained 

from the chemically treated almond green  

shells [4]. The adsorbent capacity of this 

adsorbent was investigated in two ways: different 

chemical treatment and different adsorbent 

content and different concentration of Sr
2+

 ions in 

the solution. The optimal dose of adsorbent for 

the maximum Sr
2+

 ion adsorption was 0.3 g at  

102 mg/L of solution. Removal of Sr
2+

 ions from 

aqueous solutions on activated carbon obtained 

from almond hull was studied as well [5]. The 

obtained experimental results demonstrate a good 

fitting of the points (R
2
= 0.9806) into linear 

coordinates of the Langmuir model. Probably, the 

activated carbon prepared from almond shells, 

according to the technology presented herein, has 

homogeneous adsorption centres. In the paper [6], 

the study of the adsorption of strontium  

ions on activated carbon demonstrated the  

endothermicity of the adsorption process, the 

isotherm of adsorption being described by the 

Freundlich model. 

The purpose of this paper is to present the 

study of the adsorption of strontium ions from 

aqueous solutions on two samples of activated 

carbons obtained from nut shells by chemical 

activation with phosphoric acid (CAN-7) and 

water vapour activation (CAN-8). Previously, this 

process has been studied in order to assess the 

possibility of using CAN-7 activated carbon for 

the removal of strontium ions from groundwater 

(Hirjauca water, Calarasi district, Republic of 

Moldova [7]). 

 

Experimental 

Materials 

Two samples of activated carbons from nut 

shells were used for studies: (i) CAN-7, obtained 

by chemical activation with phosphoric acid  

(at 460°C) and (ii) CAN-8, prepared by the 
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physico-chemical method of activation with water  

vapours (at 960°C). Activated carbon fractions of  

0.8-1.0 mm were used for adsorption studies. 

Strontium nitrate of reagent grade was used 

for the adsorption studies. 

Methods 

The adsorption isotherms of strontium ions 

on activated carbon were determined at various 

concentrations of strontium ions in solution, a 

constant solid/liquid ratio and different 

temperatures (25-65°C). The equilibrium 

concentration of strontium ions in solutions was 

determined on the AAS-1 spectrophotometer.  

The differential isosteric adsorption heat 

(Q) at different values of the specific adsorption a 

was calculated based on the Clausius–Clapeyron 

equation (Eq.(1)). 
 

𝑄 = 𝑅 
𝜕𝑙𝑛𝐶

𝜕
1
𝑇

 

𝑎

= 2.303 𝑅  
𝜕𝑙𝑛𝐶

𝜕
1
𝑇

 

𝑎

 (1) 

 

The value 𝜕log𝐶 𝜕
1

𝑇
  was determined as the 

angle of inclination of the adsorption isostere at 

the axis 1/T. 

The standard adsorption entropy (ΔS
0
) of 

strontium ions on activated carbon was 

determined by Eq.(2) [7]. 
 

∆𝑆0 = −
𝑄0

𝑇
+ 𝑅 𝑙𝑛𝐾2 (2) 

 

where, ΔS
0
 is the standard variation of entropy;  

Q
0
 means the standard isosteric heat  

of adsorption;  

K2 is the equilibrium adsorption constant. 

 

Results and discussion 

The structure parameters of activated 

carbons obtained from nut shells by various 

activation methods are shown in Table 1. The 

parameters W0, E0 and X0 were determined on the 

basis of the benzene vapour adsorption isotherm 

using the Dubinin–Radushkevich equation. The 

specific surface area (Ssp) of the activated carbon 

CAN-8 is 708 m
2
/g. If we compare the structure 

parameters of these two activated carbons, then 

we find that the activated carbon CAN-8  

has a much smaller share of very small pores  

(X0= 0.44 nm), while on CAN-7 sample  

X0= 2.18 nm, where X0 is the half-width  

of micropores. 

Figure 1 shows the adsorption isotherm of 

strontium ions from aqueous solutions on the 

activated carbon CAN-7. As shown in Figure 1, 

the presented isotherm has inflection points even 

at higher values of the equilibrium concentrations. 

The isotherm of adsorption of strontium ions in 

the coordinates of log(Cads/Ce) vs. f(Ce) is shown 

in Figure 2. The logKads value was graphically 

obtained by extrapolating the curve  

log(Cads/Ce)= f(Ce) to Ce= 0. 

 
Table 1 

Structure parameters of activated carbons 

determined from benzene sorption-desorption 

isotherms, by Dubinin–Radushkevich equation*. 

Sample W0, 

cm
3
/g 

E0, 
kJ/mol 

X0, 

nm 

Sme,  

m
2
/g 

Vme, 

cm
3
/g 

Ssp, 

m
2
/g 

CAN-7 0.24 15.72 2.18 210 0.24 725 

CAN-8 0.35 22.77 0.44 166 0.23 708 

 *W0- micropore volume; 

   E0- adsorption energy in micropores; 

   X0- half width of micropore;  

   Sme- surface of mesopores; 

   Vme- mesopores volume; 

   Ssp- specific surface area. 

 

 

 
Figure 1. Adsorption isotherm of strontium ions 

from aqueous solutions on the  

activated carbon CAN-7. 

 

 
Figure 2. The isotherm of adsorption of strontium 

ions from aqueous solutions on the activated 

carbon CAN-7, in the coordinates of  

log(Cads/Ce) vs. Ce, at t= 25°C. 
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The calculation of the adsorption 

equilibrium constant for strontium ions has been 

done based on the concept presented in paper [5], 

from which it follows that the adsorption 

equilibrium constant equals to 2 and, respectively, 

the ΔG0 value is 0.5 kJ/mol (ΔG0= RTlnKads). 

According to the data presented in the paper [7] 

for the carbonic adsorbent - water interface ΔG0 

for H2O is equal to 2.3 kJ/mol. The adsorbent with 

a lower standard molar differential free energy of 

adsorption (ΔG0) less than the solvent (water) 

cannot displace it from the surface of the 

adsorbent (from its pores), however strontium 

ions are adsorbed at relatively high equilibrium 

concentrations, the value of adsorption of these 

ions being considerable (Figure 1). This 

phenomenon is explained by the fact that at low 

equilibrium concentrations strontium ions interact 

with the water molecules in the porous structure 

of activated carbon CAN-7 forming the Sr(OH)
+
 

ions. The formation and diffusion processes of 

Sr(OH)
+
 in the microporous structure of carbonic 

adsorbent were reported earlier [6].  

At relatively higher equilibrium 

concentrations, the water molecules will not be 

displaced by strontium ions that are bound to 

activated carbon by the interaction  

with carboxylic groups (-COOH) and  

also with phosphate and polyphosphate groups  

(P=O, C-O-P). 

Figures 3 and 4 show the adsorption 

isotherms of strontium ions from aqueous 

solutions on the CAN-7 and CAN-8 activated 

carbons, respectively, at different temperatures. 

From the data presented, it is seen that with the 

increase in temperature, the adsorption values on 

the both CAN-7 and CAN-8 activated carbon 

samples are diminishing, but just the shape of 

adsorption isotherms of strontium ions on the 

CAN-8 activated carbon at low equilibrium 

concentrations differs from that on the CAN-7 

activated carbon. At somewhat higher equilibrium 

concentrations, we also distinguish a difference in 

the shape of strontium ion adsorption isotherms 

on the CAN-8 activated carbon sample compared 

to that of the CAN-7 activated carbon.  

Figures 5 and 6 show the adsorption 

isosteres of strontium ions from aqueous solutions 

on the CAN-7 and CAN-8 activated carbons at 

different specific adsorption values.  

The differential isosteric adsorption heats Q 

at different values of the specific adsorption a 

were calculated based on the Clausius–Clapeyron 

equation (Eq.(1)). Figures 7 and 8 show the values 

of isosteric adsorption heat (Qis) as function of a, 

assuming the linearity of the correlation up to  

a= 0. Thus, one can determine the standard Q
0
 

adsorption heat by extrapolation. 

The data presented in Figures 7 and 8 show 

that the standard adsorption heat values of 

strontium ions on the CAN-7 and CAN-8 

activated carbons are different. The Q
0
 value of 

CAN-7 is higher than that of the CAN-8 activated 

carbon, equal to 8.6 kJ/mol and 6.8 kJ/mol, 

respectively. 

In order to evaluate the degree of mobility 

of strontium ions in the adsorbent layer, having 

determined the values of standard heat adsorption 

Q
0
 of strontium ions on activated carbon, Eq.(2) 

has been used. The value of standard adsorption 

entropy (ΔS
0
) of strontium ions on the CAN-7 

activated carbon is equal to 0.023 kJ/mol∙grad at 

T= 298.15 K. This absolute value is small, 

indicating that the mobility of strontium ions in 

the adsorbent layer is high. Most likely, in this 

case a located adsorption does not take place.  
 

 

  
Figure 3. Adsorption isotherms of strontium ions from 

aqueous solutions on activated carbon CAN-7,  

at different temperatures: (1)- 25°C,  

(2)- 35°C, (3)- 45°C, (4)- 55°C, (5)- 65°C. 

Figure 4. Adsorption isotherms of strontium ions 

from aqueous solutions on the activated carbon 

CAN-8, at different temperatures: (1)- 25°C,  

(2)- 35°C, (3)- 45°C, (4)- 55°C, (5)- 65°C. 
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Figures 9 and 10 show the adsorption 

isotherms of strontium ions in coordinates of 

log(Cads/Ce) vs. (Ce) on the activated carbons 

CAN-7 and CAN-8, at 35°C, 45°C and 55°C. The 

values of logKads were plotted as a result of the 

extrapolation of curves log(Cads/Ce)= f(Ce) to 

Ce=0. From the data presented in Figures 9 and 

10, we note that these values do not differ 

significantly. Thus, the interaction of Sr(OH)
+
 ion 

with the functional polar groups on the surface of 

the activated carbons CAN-7 and CAN-8, being 

however relatively low, based on the obtained 

data, determines the adsorption process of 

strontium ions at low equilibrium concentrations. 
 

 

  
Figure 5. Isosteres of strontium ion adsorption from 

aqueous solutions on activated carbon CAN-7, at 

specific adsorption values: (1)- 0.02 mmol/g,  

(2)- 0.04 mmol/g, (3)- 0.06 mmol/g, (4)- 0.08 mmol/g, 

(5)- 0.1 mmol/g, (6)- 0.12 mmol/g, (7)- 0.14 mmol/g. 

Figure 6. Isosteres of strontium ion adsorption from 

aqueous solutions on activated carbon CAN-8, at 

specific adsorption values: (1)- 0.025 mmol/g,  

(2)- 0.05 mmol/g, (3)- 0.075 mmol/g, (4)- 0.1 mmol/g, 

(5)- 0.125 mmol/g, (6)- 0.15 mmol/g. 
 

  
Figure 7. Correlation of the adsorption isosteric heat 

(Qis) of strontium ions on the activated carbon CAN-7 

and the specific adsorption a. 

Figure 8. Correlation of the adsorption isosteric heat 

(Qis) of strontium ions on the activated carbon  

CAN-8 and the specific adsorption a. 
 

  
Figure 9. Adsorption isotherms of strontium ions 

from aqueous solutions on the activated carbon  

CAN-7 in the coordinates of log(Cads/Ce) vs. Ce,  
at (1)- 35°C, (2)- 45°C and (3)- 55°C. 

Figure 10. Adsorption isotherms of strontium ions 

from aqueous solutions on activated carbon CAN-8 in 

the coordinates of log(Cads/Ce) vs. Ce,  
at (1)- 35°C, (2)- 45°C and (3)- 55°C. 
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Conclusions 
The isotherm of adsorption of strontium 

ions from aqueous solutions on the activated 

carbon CAN-7 has two inflection points, even at 

relatively low concentrations of equilibrium 

concentrations.  

As the temperature rises, the adsorption 

values decrease, indicating that the adsorption 

process is exothermic. The values of standard 

heats of adsorption of strontium ions on the 

activated carbons CAN-7 and CAN-8 are 

different. The Q
0
 value of activated carbon  

CAN-7 is higher than that for the sample CAN-8, 

equal to 8.6 kJ/mol and 6.8 kJ/mol, respectively.  

The absolute value of the standard entropy 

variation of adsorption for strontium ions on the 

activated carbon CAN-7 is small, which is related 

to the high mobility of strontium ions in the 

adsorbent, consequently, the adsorption may be of 

non-located type. 
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Abstract. The reactivity of the 1,3-dipolar cycloadditions of C,N-diphenylnitrone with acrylonitrile in 

different microemulsion systems has been investigated. The effect of the nature of surfactant (cationic, 

anionic), a component of water- and oil-borne microemulsions, on the rate of this reaction have been 

studied. The electrostatically attractive character of cetyltrimethylammonium bromide, a cationic 

surfactant, would bring the reactants closer to each other; hence, a rate enhancement would ensue, 

particularly within the water-rich zone. Besides, the fact that acrylonitrile played a dual role,  

as a component of the microemulsion and a dipolarphile in the cycloaddition reaction, made the  

work-up advantageously sound. Additionally, the increase in reagents molar ratio was found to promote  

higher reactivity. 
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Introduction 

Microemulsion is a dispersed state of one-

in-the-other mixture of two immiscible liquids in 

the form of microdroplets [1-3]. As per the nature 

of substrate added to a microemulsion, three 

solubilisation sites for this substrate are plausible: 

the micellar core, the interface created between 

the polar heads, and the dispersing medium [4,5]. 

A myriad of reports, endorsed the fact that 

microemulsions are favourable media for organic 

reactions, which are usually hampered in 

conventional ones. Such macroscopically 

isotropic and microscopically structured media 

allow the reactants to draw near each other, to 

concentrate, and to induce their organization, 

hence, a better reactivity coupled with a better 

regio- and stereoselectvity [6-11].  

Heterocyclic chemistry remains indubitably 

a weighty chapter of organic chemistry. Its role 

and benefits increasingly gain a giant foothold in 

several industries, including pharmaceuticals, 

dyes, plastics, and agrochemicals [12-14]. One of 

our ongoing researches is synthesis of 

isoxazolidines and study of their biological 

activities. Apart from this biological property, 

they are known for the anti-inflammatory activity 

and others [15-19]. The common procedure to 

make them has been through the 1,3-dipolar 

cycloaddition of nitrones with alkenes [20,21]. 

This reaction is also known as the Huisgen 

cycloaddition or Huisgen reaction that proceeds 

by concerted mechanism. Generally, 5-substituted 

isoxazolidines are obtained starting from mono-

substituted and 1, 1-disubstituted alkenes. The 

formation of 4-substituted products is observed 

only for strong electron-withdrawing groups [22]. 

This cycloaddition has been extensively studied 

both computationally [23-26] and experimentally 

[27-28], in a variety of media: aqueous media  

[29-31], solid state [22,32-34], ionic liquids  

[35-38], emulsions and microemulsions [39,40].  

In the present paper, we wish to report the 

results of the effects of the type of the 

microemulsion (water- and oil-borne ones, O/W 

and W/O) and the electrical charge of the polar 

head of the surfactant (cationic, anionic), a basic 

constituent of the microemulsion, on the reaction 

rate of 1,3-dipolar cycloaddition of  

82 



K. Hamza et al. / Chem. J. Mold., 2018, 13(2), 82-88 

 

C,N-diphenylnitrone (DPN) with acrylonitrile 

(ACN) when run in the microemulsion medium.  

Scheme 1 recalls the mechanism illustrating the 

two possible sites of attack, giving rise to two 

pairs of isoxazolidine isomers, (3R, 4R; 3R, 4S) 

and (3R, 5R; 3R, 5S).  
 

 

 
Scheme 1. Mechanism of 1,3-dipolar cycloaddition between DPN and ACN. 

 

 

Experimental 

Chemicals and equipment 

Chemicals and solvents (purity > 95%) 

were purchased from either Fluka or Prolabo. 

C,N-Diphenylnitrone was prepared as previously 

described [41]. Acrylonitrile was purified by 

distillation before use. UV-visible spectra were 

recorded on a Shimadzu 160 double beam 

spectrophotometer. 

Pseudo-ternary phase diagrams 

Establishment of pseudo-ternary phase 

diagrams was deemed to be an inevitable step for 

confining the existent domains of the studied 

microemulsions. For a matter of comparison 

herein dealt with, sodium dodecylsulphate (SDS) 

and cetyltrimethylammonium bromide (CTAB) 

were chosen as anionic and cationic surfactants, 

respectively. n-Butanol was used as co-surfactant 

in this study and the mixture surfactant/ 

co-surfactant was thus taken as a pseudo-

component of the microemulsion. The choice for 

n-butanol as co-surfactant was not arbitrary; but 

was based on its chemical inertness towards ACN 

and its ability to take part in the stability of the 

microemulsion. Based on our previous work [41] 

and others [4], the [surfactant]/[co-surfactant] 

weight ratio was set to ½, allowing a broad 

domain of microemulsion existence. The 

cycloaddition was first examined with toluene as 

an oily constituent of the microemulsion to 

provide an insight into the course and outcome of 

the reaction under these conditions. Then, toluene 

was substituted by ACN, acting as oily constituent 

of the microemulsion and dipolarphile in the 

proposed cycloaddition. Accordingly, the 

following four phase diagrams were drawn to 

represent four pseudo-ternary systems:  

System I: Water/(SDS/n-Butanol=1/2)/Toluene. 

System II: Water/(CTAB/n-Butanol=1/2)/Toluene. 

System III: Water/(SDS/n-Butanol=1/2)/ACN. 

System IV: Water/(CTAB/n-Butanol=1/2)/ACN. 

To realize the pseudo-ternary phase 

diagrams, demixion curves that delimit the 

existence domain of microemulsions ought to be 

established as follows: 

Downward demixion curve  

1. Titration of water/oil binary mixtures of 

different compositions (from water-rich 

compositions to oil-rich ones) at 25°C, with a 

solution made of 75% of water and  

25% of surfactant and n-butanol  

(surfactant/n-butanol= ½) until a transparency 

occurred.  

2. Titration of pseudo-binary mixtures of 

oil/(surfactant/n-butanol= ½) with pure water 

until a cloudy appearance was observed. 

3.  Titration of pseudo-binary mixtures of 

water/(surfactant/n-butanol= ½) with oil until 

a cloudy appearance was observed. 

Upward demixion curve  

1. Titration of pseudo-binary mixtures of 

oil/(surfactant/n-butanol= ½) with pure water 

until a transparency occurred. 

2. Titration of pseudo-binary mixtures of 

water/(surfactant/n-butanol= ½) with oil until 

a cloudy appearance was observed. 

The employed microemulsions were 

selected from the drawn phase diagrams, one 

water-borne micromemulsion W/O (A) and one 
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oil-borne one O/W (B). The microemulsions were 

made according to the data shown in Table 1. 
 

Table 1 

Composition (wt.%) of the microemulsions. 

Microemulsion Water SDS  

or 

CTAB 

n-Butanol Toluene 

or  

ACN 

A 

B 

50 

20 

12.5 

12.5 

25 

25 

12.5 

42.5 

 

1,3-Dipolar cycloaddition in microemulsion 
In a 25 mL flask, 0.294 g (1.5 mmoles) of 

DPN was dissolved in 3 mL of microemulsion, 

followed by addition of the required amount of 

ACN. The mixture was vigorously stirred at 25°C. 

The follow-up of the reaction was through  

UV-visible analysis at a given reaction time.  

To do so, a 5 µL sample of the mixture was 

diluted with 4 mL of ethanol and the unreacted 

DPN was quantified by measuring the UV-visible 

absorbance at λmax= 313 nm of the diluted  

sample [11]. 

Calibration curve 
A mother solution DPN/microemulsion was 

prepared by dissolving 0.294 g of DPN in 3 mL of 

microemulsion. Aliquots of 1, 2, 3, 4, 6, 8, 10 and 

12 μL were then sampled and diluted in 8 mL of 

ethanol. Absorbance of each diluted sample was 

measured at λmax= 313 nm and the curve  

Abs= f(C) was drawn. 

 
Results and discussion 

Figure 1 present the phase diagrams 

delineating the areas of the existence of 

microemulsions. It can be noticed the vast 

domains of the existence of microemulsion for the 

four systems I-IV in the vicinity of water- and  

oil-rich sides. However, the choice was focused 

on surfactant-rich ones as per the superposition of 

the four diagrams. 

 

 

 

 

 

 

(a) (b) 

Figure 1. Pseudo-ternary phase diagrams for:  

(a)     water/(SDS/n-butanol)= ½)/toluene; ■ water/(CTAB/n-butanol)= ½)/toluene,  

(b)     water/(SDS/n-butanol)= ½)/ACN; ■ water/(CTAB/n-butanol)= ½)/ACN. 
 

 

 

The kinetics of the cycloaddition reaction 

was monitored by UV-visible analysis of the 

residual DPN. It is worth mentioning that 

whatever the location of the dissolved substrate 

within the microemulsion, either in its interior or 

at the interface of microaggregates, would not 

distort the overall interpretation of the spectra. 

The evolution of the intensity of the absorbance 

band of DPN with reaction time for 

microemulsion B of system I is illustrated in 

Figure 2. The increasingly fading of the 

absorbance band at 313 nm and the rising one at 

238 nm, a characteristic band of the isoxazolidine, 

was an evidence of the success of the 

cycloaddtion in microemulsion medium.  

The appearance of an isosbestic point at  

253 nm proves the existence of equilibrium 

between the two species without intermediates. 

From this analysis, the rate constants k of the 

cycloaddition in different microemulsions were 

computed and are gathered in Table 2. 

Needless is to recall that the 

microenvironment of the reactants affects their 

reactivity. Hence, reaction outcome in oil-borne 

microemulsion will differ from that in water-

borne one, as confirmed by many reports [42-46]. 

In the present work, isoxazolidines were 

synthesized in both O/W and W/O 

microemulsions, A and B. The latter one consists 

of water microdroplets dispersed in toluene, 
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separated by a film made of surfactant and  

co-surfactant; DPN and ACN ended up in an 

environment similar to conventional medium, 

with slight nitrone content at the water-toluene 

interface as illustrated in Figure 3(b). On the 

contrary, the former microemulsion one consists 

of oil microdroplets dispersed in water, separated 

by a film made of surfactant and co-surfactant. 

Both organic substrates, DPN and ACN, tended  

to move towards the interface where to react. 

While the formed isoxazolidine migrated to the 

hydrophobic core of the microemulsion,  

the reactants tended to concentrate once again at 

the mentioned interface, promoting a reaction rate 

enhancement (Figure 3(a)).   

 

 
Figure 2. UV-visible spectra evolution with reaction time,  

for DPN-microemulsion IB, at 25°C, in ethanol. 
 

 

Table 2 

Rate constants of 1,3-dipolar cycloaddition between DPN and ACN for  

different DPN/ACN molar ratios in microemulsion systems at 25°C. 

Run 1 2 3 4 5 6 7 8 

Microemulsion (IB) (IA) (IIB) (IIA) (IIIB) (IIIA) (IVB) (IVA) 

Surfactant SDS SDS CTAB CTAB SDS SDS CTAB CTAB 

Oil toluene toluene toluene toluene ACN ACN ACN ACN 

DPN/ACN 1/20 1/20 1/20 1/20 1/80 1/24 1/80 1/24 

k×10
3
 (M·s

-1
) 1.2 1.3 1.9 2.3 4.4 2.1 7.4 3.2 

 
 

  

                             (a) (b)                    

Figure 3. Illustration of location sites of DPN and ACN in:  

(a) a direct microemulsion, IA; (b) a reverse microemulsion, IB.  
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The results shown in Table 2 for runs 1  

and 2 suggest that the rate constant of the 

cycloaddition remained nearly unchanged on 

going from oil-rich zone to water-rich  

one. Reversing the shape of the micelles in  

water-borne microemulsion A and  

re-concentrating the reactants in the microdroplets 

did not improve the reaction rate. 

The type of charge of the surface active 

agent may affect the microemulsion 

characteristics, thus, the reaction course. The 

double layer, comprised of the polar heads of 

surfactant and its counterions, created a local 

electrical field, giving rise to another kind of 

interfacial environment which influenced the 

position of the reactants. In fact, the ensued 

repulsive electrostatic interactions would have 

allowed the reactants to stand either close to the 

interface or far from it. Moreover, this created 

field may have either reduced the stability of the 

reactants, provoking an acceleration of the 

reaction, or enhanced their stability, inducing a 

reaction rate drop. 

A rate acceleration can be noted when the 

kinetic results for the microemulsions IA and IIA 

(SDS as surfactant) were compared with those for 

IB and IIB (CTAB as surfactant) (Table 2); the 

rate constant increased from 1.2×10
-3

 M·s
-1

 to  

1.9×10
-3

 M·s
-1

 in the case of oil-borne 

microemulsions (B) and from 1.3×10
-3

 M·s
-1

 to  

2.3×10
-3

 M·s
-1

 in the case of water-borne ones 

(A). These results are in agreement with those 

reported by Chatterjee, A. et al. [47]. Their report 

indicates that excellent yields of the  

1,3-dipolar cycloaddition reactions between  

C-aryl-N-phenyl nitrones and alkenes were 

observed when run in microemulsion with CTAB 

as surfactant, as compared with microemulsion 

consisting of SDS surfactant. 

On the other hand, the effect of 

microemulsion as medium for organic reactions 

was supported by the work of Engberts, J. et al. 

[48]. In their investigation, they observed that the 

reaction rates of 1,3-dipolar cycloaddition 

between benzonitrile oxide and N-ethylmaleimide 

at 25°C were 35 and 150 times greater in 

AOT/isooctane/water microemulsion than in 

water and isooctane, respectively. The rationale of 

this rate improvement was the increase of 

reactants concentrations at the interface and the 

destabilization of benzonitrile oxide by the 

electrical field induced by the anionic polar heads 

of AOT surfactant. This reaction was also studied 

in SDS- and CTAB-based micellar media and the 

result was a reactivity decline as compared to the 

reaction outcome in water [39]. The relatively 

better reactivity in water was reasoned as due to 

the undisturbed ‘solvated state’ of benzonitrile 

oxide, hence becoming more stable and less 

reactive. However, the reactivity depression that 

occurred in microemulsion was explained as due 

to ‘solvation power lowering’, ensuring higher 

reactivity.  

In the light of the above results, an 

explanation for the difference in chemical 

reactivity of DPN towards ACN when CTAB and 

SDS were used (Figure 4), lies on the electrostatic 

force exerted by the dodecylsulphate ion on the 

negative charge of the nitrone molecule; the latter 

species will end up in the aqueous superficial 

layer, full of cationic counterions (Na
+
), to 

become more stable by solvation. A chemical 

reactivity reduction ensues regardless the type of 

microemulsion used (O/W or W/O) (Figure 4(a)). 

 

 

  
 

(a) 
 

(b) 

Figure 4. Positioning of DPN molecule at the W/O interface in  

the presence of surfactant: (a) SDS, (b) CTAB. 
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In the case of the positively charged polar 

heads of CTAB, attractive electrostatic forces 

stimulated the migration of DPN molecules 

towards the interface zone. The high 

concentration of anionic counterions (Br 
-
) within 

the superficial layer that is close to the interface, 

would keep DPN molecules far from the aqueous 

environment, impeding their solvation. In this 

fashion, the interface, acting as a microreactor, 

would allow nitrone molecules to concentrate  

near ACN ones, and therefore the reactivity 

increases (Figure 4(b)). 

It is worthwhile to point out to the positive 

role of the cationic surfactants in the 

microemulsion as far as the cycloaddition course 

was important. So, as observed for systems III and 

IV, the increase in DPN/ACN molar ratio was 

found to promote higher reactivity. For example, 

the rate constant rose from 1.9×10
-3

 M·s
-1

 to  

7.4×10
-3

 M·s
-1

, on going from microemulsion IIB 

to microemulsion IVB. 

 

Conclusions 
The use of oil-borne microemulsions (O/W) 

in the synthesis of isoxazolidine is in tune with 

green chemistry. The dual employment of ACN, 

as microemulsion component and reactant, makes 

the water-borne microemulsions (W/O) 

environmentally-friendly by excluding the use of 

another organic component. 

SDS-based W/O or O/W microemulsions 

with an ACN/DPN molar ratio of 20 showed no 

difference of chemical reactivity. On the contrary, 

the O/W CTAB-based microemulsions allowed 

higher reactivity. 

Another important issue is the impact of 

solvation (hydration) of reactants on the course of 

the cycloaddition reaction in microemulsion. The 

negative charge of the counterion of a cationic 

surfactant will contribute to hydration lowering of 

nitrone, favouring its increased reactivity. 
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Abstract. Enoxil-silica composites with various Enoxil-to-silica ratios were prepared by mechanical 

mixing of the biologically active Enoxil and fumed silica powders. The hygroscopic properties of the 

composites were studied by the gravimetric method. It has been shown that the use of Enoxil in 

composites with silica may significantly reduce the Enoxil ability to absorb water from the gas phase 

and, therefore, improve its storage stability. The strongest hygroscopicity reduction is observed for the 

composites with Enoxil-to-silica ratio of (0.15÷0.35):1, which corresponds to an approximate 

monolayer distribution of the Enoxil biomolecules on the silica surface. 
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Introduction 

Enoxil is a biologically active powder with 

high antioxidant and antimicrobial properties 

[1,2]. Enoxil production procedure includes 

extraction of biologically active substances from 

grape seeds and subsequent oxidation of the 

extracted compounds (mainly proanthocyanidins, 

the representatives of flavonoids) with hydrogen 

peroxide [3]. Enoxil is a mixture of monomeric 

catechin/epicatechin molecules and their 

derivatives; mass-spectrometric studies revealed 

that the main components of Enoxil are gallic 

acid, catechin, epicatechin and catechingallate [2]. 

All these compounds have three or more reactive 

hydroxyl groups in the phenolic rings of the 

molecules. These are the groups that are mainly 

responsible for chemical and biological activity of 

flavonoids [4,5] and that provide Enoxil with high 

antioxidant/antimicrobial properties. 

Due to a large amount of hydrophylic 

groups, Enoxil possesses enhanced hygroscopicity 

and requires to be kept under special conditions. 

The hygroscopicity of medicinal powders, dry 

extracts and other pharmaceutical medications 

may be reduced using auxiliary agents, in 

particular, silica [6,7]. The results of our previous 

study [8] show that adsorption of Enoxil on the 

silica surface or even simple mechanical mixing 

of Enoxil and silica powders leads to a marked 

decrease in the integral hygroscopicity of the 

composite, while bioactive molecules in such 

composites were found to retain their antioxidant 

properties during prolonged storage at ambient 

conditions. The decrease in hygroscopicity seems 

to be due to the involvement of hydroxyl groups 

of Enoxil molecules into an interaction with 

silanol groups of silica surface and should depend 

on the contents of Enoxil and silica in the mixture.  

The aim of this work was to prepare 

Enoxil-silica composites with various Enoxil-to-

silica ratios and to examine the effect of this ratio 

on the composites water absorption. 

 

Experimental 

To prepare Enoxil-silica composites, fumed 

silica with specific surface area of 280 m
2
/g  

(A-300, Kalush, Ukraine) was mechanically 

mixed with Enoxil powder (produced at the 

Institute of Chemistry, Academy of Sciences of 

Moldova [3]) in a ball mill, the processing time 

was 5 min. The Enoxil-to-silica ratio in the 

composites was within the range (0.08÷0.90):1. 

The hygroscopicity of the Enoxil and 

Enoxil-silica composites was determined 

gravimetrically as the sample mass (m) change 

after water absorption from the gas phase. 

Samples of certain mass were placed into 

weighing bottles, which then were placed into a 

desiccator with distilled water and held there at a 

temperature of 20÷22C for 1÷365 days. The 

presented results are the average of three 

independent experiments, the data scattering 

corresponds to a 95% confidence interval. In 

order to evaluate the effect of the Enoxil-to-silica 
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ratio on the hygroscopicity of the composite, the 

data on the water absorption were presented in the 

following manner. For each composite and each 

period of time that the sample was held in the 

desiccator, we calculated the amount of water, 

m(H2O)cal/m(composite) that would be absorbed 

by a sample consisting of appropriate amounts of 

silica and Enoxil, provided that the components of 

the composite do not effect the water absorption 

of each other. To do this, we used the determined 

in the same experiment values of water absorption 

for pure Enoxil, m(H2O)abs/m(Enoxil), and pure 

silica, m(H2O)abs/m(silica), as well as the data on 

the amount of the components in the composite. 

The obtained m(H2O)cal/m(composite) value  

was compared with the actual water absorption 

value, m(H2O)abs/m(composite), measured for the 

given composite. The difference was divided by 

the calculated water absorption value, 

m(H2O)cal/m(composite), and expressed as a 

percentage. The obtained value Δ (Eq.(1)) 

characterizes the degree of reduction (when 

negative values) or the increase (when positive 

values) of the hygroscopicity of the composite in 

comparison with the sum of its components. It is 

equal to zero when the components do not affect 

the hygroscopicity of each other. 
 

𝛥 =

𝑚(H2O)abs

𝑚(comp. ) −  
𝑚(H2O)cal

𝑚(comp. ) 

𝑚(H2O)cal/𝑚(comp. )
100% (1) 

 

Quantum chemical calculations were 

carried out using semiempirical РМ3 method 

(GAMESS, current version [9]) to find the 

optimal configuration for the adsorbed 

biomolecules on the surface of silica particle 

modelled by clusters of 36 SiO4/2 tetrahedrons 

with 24 silanol groups. 

 

Results and discussion 

Figure 1 shows the water absorption data 

for the pure Enoxil, pure silica and for the 

composites with the Enoxil-to-silica ratio of 

(0.08÷0.90):1. As one can see from Figure 1, pure 

Enoxil rapidly absorbs water from the gas phase; 

after 12 months in the desiccator, the increase in 

the weight of the initial Enoxil, 

m(H2O)abs/m(Enoxil), reached more than 1000%, 

while Enoxil became liquid, i.e., it was in a 

dissolved state. The initial silica is also 

characterized by considerable hygroscopicity, the 

water absorption reached the value of 

m(H2O)abs/m(silica)= 260%. All composites have 

less water absorption per unit mass, 

m(H2O)abs/m(composite), than the initial Enoxil. 

Upon this, the hygroscopicity of the composites 

does not change monotonically with the change in 

the Enoxil-to-silica ratio, and for the samples with 

the ratio of 0.15:1 and 0.23:1 (Figure 1, curves 4 

and 5), the water absorption per unit mass is less 

than that for both pure Enoxil and pure silica 

(Figure 1, curves 1 and 2). Figures 2 and 3 give 

the Δ values versus Enoxil-to-silica ratio for the 

holding time in the desiccator of 1, 14, 30, 92, 

141, and 365 days. 
 

 
Figure 1. Absorption of water by Enoxil (1), silica 

(2) and composites with the Enoxil-to-silica ratio 

of 0.08:1 (3), 0.15:1 (4), 0.23:1 (5), 0.35:1 (6),  

0.55:1 (7), 0.90:1 (8). 
 

 
Figure 2. Dependence of Δ values on Enoxil-to-

silica ratio for the holding time in the desiccator of 

1 (1), 14 (2) and 30 (3) days.  
 

 
Figure 3. Dependence of Δ values on Enoxil-to-

silica ratio for the holding time in the desiccator of 

92 (1), 141 (2) and 365 (3) days.  
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As it was mentioned above, the Δ values 

characterize the changes in hygroscopicity of the 

composites in comparison with the sum of their 

components. Figures 2-3 show that for the 

samples with the ratio of (0.15÷0.90):1 and a 

holding time in the desiccator of 14 days or more, 

the Δ values are negative. It means that the 

composites absorb less water than individual 

components of the composite. As we noted earlier 

[8], this effect can be related to the interaction of 

hydroxyl groups of Enoxil and silanol groups of 

silica with each other and, therefore, to their 

exclusion from the interaction with water 

molecules. The interaction of surface groups of 

silica with hydroxyl groups of the biomolecules 

was confirmed by IR spectroscopic studies. As it 

was shown earlier [8], the intensity of the band at 

3750 cm
-1

 (corresponding to isolated silanol 

groups of silica) in the Enoxil-silica composites 

spectra decreased in comparison with the initial 

silica spectrum, which indicates the involvement 

of silanol groups in an interaction with Enoxil. 

The decrease in the intensity of the band was 

observed not only in the case of Enoxil adsorption 

on the silica surface, but also for the mechanical 

mixture of Enoxil and silica powders prepared by 

grinding the components in a ball mill. 

Apparently, in such a mixture Enoxil is in 

the form of small crystals or associates, bound, 

nevertheless, to the silica surface. The growth of 

powder dispersity during the grinding process 

should lead, on the one hand, to an increase in the 

hygroscopicity due to the increase of the surface 

area of the crystallites/associates and, on the other 

hand, to a reduction in water absorption due to an 

increase in the number of bonds between the 

crystals/associates and the silica surface groups. 

As it was noted in previous work [8], the first 

factor appears to play a major role in the initial 

stage of powders/composites exposure to water, 

which is reflected in the enhancement of the 

composites hygroscopicity (Figure 2, curve 1). 

Over time, the hygroscopicity of the composites 

decreases in comparison with the sum of 

hygroscopicities of the composite components. It 

can be assumed that after the absorption of certain 

amounts of water, crystallites are further 

dispersed and dissolved in the absorbed water, 

followed by the redistribution of biomolecules on 

the silica surface to form an adsorbed layer. 

Indeed, as can be inferred from the data in  

Figure 1, after 14 days of maintaining the samples 

in the desiccator, the amount of water absorbed by 

the composites is 1.5-2.5 times greater than the 

total mass of the composites and 5-15 times 

greater than the mass of Enoxil in the composites. 

According to our previous studies on Enoxil 

solubility, such an amount of water is several 

times higher than the amount needed to 

completely dissolve Enoxil and, therefore, it is 

sufficient to induce Enoxil dissolution and 

adsorption of the dissolved biomolecules on the 

silica surface. 

The most significant decrease in the 

hygroscopicity is observed for the composites 

with the Enoxil-to-silica ratio of (0.15÷0.35):1 

(Figures 2, 3). As it is shown below, this range of 

ratios corresponds to an approximate monolayer 

distribution of biomolecules on the silica surface. 

The results of quantum-chemical calculations 

make it possible to estimate the equilibrium 

configuration of the main Enoxil biomolecules in 

the adsorption layer on the silica surface 

(examples of such equilibrium configurations are 

given in Figure 4) as well as to evaluate the 

surface area, occupied by one molecule.  

 

 
(a) (b) 

Figure 4. Equilibrium configuration for the smallest (gallic acid, (a)) and the largest (epicatechingallate, (b))  

Enoxil biomolecules on the silica surface. 
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The obtained data show that this parameter 

for various molecules of Enoxil (gallic acid, 

catechin, epicatechin, catechingallate) ranges 

between 0.4 and 0.7 nm
2
. Taking into account  

the silica surface area, 280 m
2
/g, the  

maximum amount of the smallest (gallic acid, 

molar mass 170 g/mole) and the  

largest (epicatechingallate, molar mass  

442 g/mole) molecules, there should be around 

0.20 and 0.31 g, respectively, on the surface  

of 1 g of silica. 

With a monolayer distribution of Enoxil on 

the surface of silica, the largest number of 

hydroxyl groups of Enoxil biomolecules appears 

to be involved in interaction with surface silanol 

groups, as well as in lateral interactions with 

neighbouring Enoxil molecules. According to the 

results of quantum chemical calculations, 

bioactive molecules of Enoxil interact with the 

silica surface involving on the average  

2 hydroxyl groups [8]. The molecules of gallic 

acid, catechin/epicatechin and catechingallate 

contain 3, 5 and 7 hydroxyl groups, respectively, 

i.e. from 1 to 5 hydroxyl groups remain  

free and can interact with water (or with 

neighbouring Enoxil molecules). The maximum 

reduction in the hygroscopicity of the composite 

compared to the sum of the components  

is about 40%, which approximately  

corresponds to excluding of about two-fifths of 

the groups of Enoxil molecules from the 

interaction with water. 

 

Conclusions 
The obtained results indicate that the use of 

Enoxil in the composition with fumed silica can 

lead to a significant decrease in the Enoxil ability 

to absorb water from the gas phase and to 

improve its storage stability.  

The hygroscopicity of the Enoxil-silica 

composites depends on the components ratio, the 

greatest effect of hygroscopicity reduction  

(35-40%) is achieved for the samples with the 

Enoxil-to-silica ratio of (0.15÷0.35):1, which 

corresponds to an approximate monolayer 

distribution of biomolecules on the silica surface. 
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