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The FT IR spectroscopy is used in order to discriminate between the calcite group (calcite, CaCO3; magnesite, 
MgCO3; siderite, FeCO3) as well as the dolomite group (dolomite, CaMg(CO3)2; kutnahorite, CaMn(CO3)2) of rhom-
bohedral carbonate minerals originating from Macedonia. Although both groups of the studied minerals share essen-
tially the same structure, being collectively called rhombohedral carbonates, significant frequency differences be-
tween the corresponding ν3, ν2 and ν4 active modes in their FT IR spectra are observed. The frequency variation is 
particularly expressed in the case of the ν4 mode. It enables to distinguish the studied five geologically important 
carbonate minerals from one another as well as to determine the presence of impurities of some minerals in the corre-
sponding two-component mixtures. It is (e.g.) shown that the low limit of detection of impurities of calcite in dolo-
mite and vice versa amounts about 1 wt %. The effect of the sample powdering extent on the spectral appearance is 
studied as well. An elemental analysis on three morphologically different siderite mineral species with identical in-
frared spectra as well as for two kutnahorite samples whose infrared spectra are also identical is performed. 

Keywords: minerals; Macedonia; discrimination; rhombohedral carbonates; FT IR spectroscopy;  
atomic absorption spectrometry 

INTRODUCTION 

The need to develop rapid and simple but at 
the same time effective methods for mineral identi-
fication as well as confirmation of their purity us-
ing different techniques (analytical, spectroscopic 
etc.) is continual. Although it is recommendable 
the mineral identification and characterization to 
be followed by the complementary rather than the 
competitive use of various techniques, sometimes 
it is particularly valuable and gratefully encour-
aged to develop the new simple methods to distin-
guish or determine the presence of impurities in the 
mineral samples which share the same structure (as 
it is the case with the studied rhombohedral car-
bonate minerals) using only one technique (e.g., 
FT IR spectroscopy, Raman spectroscopy, X-ray 
diffraction etc.).  

A higher local symmetry of the CO3
2– ions 

(D3) in the structure of the studied rhombohedral 
carbonate minerals (calcite and dolomite type) 

compared to the symmetry of the same present an-
ion in aragonite type (Cs) is manifested by the ab-
sence of v1 mode in their FT IR spectra [1–4]. 
Therefore, IR spectroscopy enables relatively easy 
to discriminate between the calcite and dolomite 
type, on the one hand, and the aragonite type of 
carbonate minerals, on the other hand [5]. IR spec-
troscopy can also be used to perform a semi-
quantitative analysis in order to calculate the con-
tent of impurities of aragonite in calcite and vice 
versa and to determine the lower limit of detection 
[5, 6]. The detection of impurities in aragonite-
calcite mineral mixtures can also be performed by 
a powder X-ray diffraction [7].  

On the other hand, the distinction between the 
rhombohedral carbonate (calcite and dolomite 
type) minerals using IR spectroscopy is expected 
to be more complex or sometimes impossible be-
cause they share the same structure. Consequently, 
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the D3 symmetry of the CO3
2– ions in their struc-

tures is expected to cause the appearance of corre-
sponding v2, v3 and v4 modes with very similar IR 
frequencies. Their discrimination by IR spectro-
scopy is additionally complicated by the common 
appearance of these minerals in the nature [8].  

Continuing our broad spectroscopic and ana-
lytical research on carbonate minerals from Mace-
donia, in the current paper we present the results of 

the application of FT IR spectroscopy for discrimi-
nation between the carbonate minerals with the 
rhombohedral symmetry as well as the detection of 
very low content of impurities of magnesite in cal-
cite and vice versa in their two-component mix-
tures including the determination of the low limit 
of detection. The results of the identification of the 
collected samples of kutnahorite (CaMn(CO3)2) 
using FT IR spectroscopy are also presented. 

EXPERIMENTAL 

Samples and reagents  

The studied calcite type minerals were col-
lected from various localities: calcite (Mrzen, 
Damjan, Al{ar, Trojaci), siderite (Zletovo), mag-
nezite (P~inja), while dolomite type minerals, 
dolomite and kutnahorite, were taken from Prilep 
and Sasa, respectively. The investigated minerals 
were carefully picked up under a microscope from 
the ore samples and then powdered.  

All reagents and standards used for the ele-
mental analysis were of analytical grade. 

Instrumentation 

The Perkin-Elmer FT IR system 2000 inter-
ferometer was employed for recording the spectra 
using the KBr pellet method.  

A Varian SpectrAA 640Z Zeeman electro-
thermal atomic absorption spectrophotometer with 
a Varian PSD-100 Autosampler and a Varian Spec-
trAA 880 with deuterium correction (for flame de-
termination) were used for determination of the 

trace elements in three morphologically different 
samples of siderite. The flame spectrophotometer 
was also employed for elemental analysis of two 
kutnahorite samples. 

Procedures 

The quantitative FT IR analyses were carried 
out taking exactly 1 mg of the minerals (and min-
eral mixtures) in 250 mg KBr.  

The powdered siderite (0.1–0.2 g) was dis-
solved in 5 ml conc. HCl, 1 ml HNO3 and 1 ml 

H2O2. The solution was evaporated to dryness and 
residue dissolved with 50 ml of 8 mol/l HCl. Then 
solution was transferred into a separatory funnel, 
adding 5 ml isoamyl acetate and shaking for 1 min. 
This operation was repeated 4 times. To avoid in-
terference of chlorides, an inorganic layer was eva-
porated and the residue was dissolved in 5 ml of 2 
mol/l HNO3. 

Dissolution of the powdered kutnahorite sam-
ples (0.1 g) was performed in 1.5 ml conc. HCl. 

STRUCTURAL CHARACTERISTICS OF RHOMBOHEDRAL CARBONATES

The structure of all rhombohedral carbonates 
belongs to the halite type, being consisted of CO3

2–  
groups instead of Cl– anions and M2+ replacing Na+ 
cations [9]. The plane of the triangular CO3

2– 

groups as well as the formed (by CO3
2– groups) 

layers are perpendicular to the one of the shortened 
3-fold axes of the previous cube which becomes 
the c axis of the transformed cube into rhombo-
hedron. The carbon atom within the formed CO3 
layers occupies the selected triangular sites of the 
layer formed by close-packed layers of oxygen 
atoms. Consequently, the position of the C atom is 
equivalent to the cubic close packing being re-

peated in every third layer, whereas an exact dupli-
cate layer of CO3 groups is repeated only every 
sixth sheet. Therefore, the unit cell is six CO3 lay-
ers along the c axis. 

Octahedral positions between CO3 layers are 
occupied by the divalent cations. In this type of 
structure each oxygen anion is coordinated by 
three cations: carbon cation within the CO3 layer 
and divalent cations above and below the CO3 
sheets. Compared to the calcite group of minerals 
where all octahedral sites are occupied by the same 
cation, two significantly different-sized atoms are 
accommodated in the dolomite group of minerals 
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(one of them being Ca and the  the smaller Mg, Fe 
or Mn).  

The formation of the solid solution among the 
studied calcite group minerals is strongly depended 
on the size of the cations (ionic radii). Thus, Ca2+ 
as a largest cation (1.00 Å), causes formation of a 
limited solid solution of calcite with other calcite 
type minerals where the ionic radii is smaller: 
magnesite (Mg2+, 0.72 Å) and siderite (Fe2+, 0.78 
Å) (see Table 1). On the other hand, the solid solu-
tion between the minerals siderite and magnesite 
(consisting of similar-sized cations) is complete. 
The solid solution between the studied representa-

tives of the dolomite group, kutnahorite and dolo-
mite, is somewhat limited. According to Bermanec 
[8], a solid solution between the members of the 
calcite group, on the one hand, and the dolomite 
group, on the other hand, is also possible. 

The cations of the studied rhombohedral car-
bonates are six coordinated (except the polymorph 
of calcite – aragonite, where Ca is nine coordi-
nated) and their ionic radii do not exceed 1 Å. All 
divalent cations included in formation of known 
carbonates which are characterized by larger ionic 
radii do not fit into this group.  

T a b l e  1  

The most important crystallographic data for the studied rhombohedral carbonates [9] 

Unit cell parameters Unit cell volume Z Cation propertiesa Mineral  Crystal system Space 
group  

Å 
 

Å3 
 Ionic radii 

Å 
CN 

Calcite,  CaCO3 Hexagonal (rhombohedral) cR3 a = 4.99; c = 17.06 367.9 6 1.00 6 

Siderite,  FeCO3 Hexagonal (rhombohedral) cR3 a = 4.69; c = 15.38 293.0 6 0.78 6 

Magnesite, MgCO3 Hexagonal (rhombohedral) cR3 a = 4.63; c = 15.01 278.7 6 0.72 6 

Kutnahorite, CaMn(CO3)2 Hexagonal (rhombohedral) 3R  a = 4.85; c = 16.34 332.9 3 (0.91)av 6 

Dolomite, CaMg(CO3)2 Hexagonal (rhombohedral) 3R  a = 4.80; c = 15.98 318.9 3 (0.86)av 6 

            aAccording to Shannon [10]. 

RESULTS AND DISCUSSION 

The effect of powdering of the mineral samples 

As known, in the case of compounds with 
high refractive index (e. g. rutile with n = 2.605), 
the IR spectra of minerals using KBr discs are 
strongly dependent on the particle size and other 
conditions of the particular specimen preparation 
[11]. Consequently, the spectra of the studied sam-
ples belonging to the same mineral species are of-
ten rather different. Having in mind the relatively 
small values of the refractive index for calcite (n = 
1.658) and kutnahorite (n = 1.727) [9], the appear-
ance of unexpected bands [1–5, 12–15] at 1703, 
1084, 975 and 585 cm–1 in the infrared spectra of 
their handly powdered samples (Fig. 1) was firstly 
prescribed to the presence of some type of impuri-
ties rather than to the sample particle size.  

 
Fig. 1. FT IR spectra of hand-powdered samples of calcite 

from Mrzen and Trojaci (a, b), kutnahorite  (,,otavite”) from 
Sasa (c) and kutnahorite from Sasa (d) 
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The additional powdering of the samples in 
special steel mills has, however, shown that the 
unexpected bands are eliminated, and only the ex-
pected bands due to v3 (antisymmetric stretching 
mode), v2 (out-of-plane bending mode), and v4 (in 
plane bending mode) appear in their infrared spec-
tra (Fig. 2). Although the v1 mode for rhombo-
hedral carbonates is forbidden, its appearance as a 
very small band in the infrared spectra of the stud-
ied minerals at 1084 cm–1 (Fig. 2) is the result of 
the relaxation of the selection rules due to distor-
tions in the structure caused by structural damage 
during grinding [16]. 

 

Fig. 2. FT IR spectra of additionally powdered samples of 
calcite from Mrzen and Trojaci (a, b), kutnahorite  (,,otavite”) 

from Sasa (c) and kutnahorite from Sasa (d) 

Kutnahorite or otavite? 

The appearance of some frequency differ-
ences between the spectrum of the third sample 
supposed to be otavite, CdCO3 (Fig. 2c) and the 
spectrum of the forth sample representing kutna-
horite, CaMn(CO3)2 (Fig. 2d) was expected after 
the additional powdering of the samples. It was 
shown, however, that the spectra of both samples  
 

are identical. This was taken as a strong indication 
that the studied mineral samples belong to the 
same mineral type. Namely, the bands due to the v3 
and v2 modes in the spectra of both (kutnahorite) 
samples are registered at 1425 and 873 cm–1, re-
spectively, whereas, the v4 mode appears at 716 
cm–1 (Fig. 2 and Table 2). All mentioned frequen-
cies are very similar to those reported in the litera-
ture [17]. 

T a b l e  2  

The spectroscopic data of the studied  
rhombohedral carbonates 

Vibrational frequencies / cm–1
 Mineral 

v3 v2 v4 

Calcite – CaCO3 1427 876, 875a 712, 725a 

Kutnahoriteb – CaMn(CO3)2 1425 873 716 

Dolomite – CaMg(CO3)2 1443 881 728 

Sideritec – FeCO3 1421 866 731 

Magnesite – MgCO3 1450 887 748 

aCalcite sample from Damjan. 
bBoth kutnahorite species have the same frequency values. 
cAll three siderite species have the same frequency values. 

Since the discrimination between kutnahorite 
and otavite based on their morphology (crystal 
shape, color etc.) is practically impossible [8, 9], 
the quantitative elemental analysis was undertaken 
and the content of the Ca, Mn, Cd as well as Fe 
and Mg in these two samples was determined in 
order to confirm the above presumption. The re-
sults have undoubtedly shown (see Table 3) that 
both mineral samples belong to kutnahorite, con-
taining about 94 wt % Ca and Mn (expressed in 
carbonates) instead of Cd which appears as a trace 
element rather than as a major constituent. It agrees 
well with the IR spectral data. 

T a b l e  3  

Determined content of some elements (expressed in carbonates) in kutnahorite  samples  
taken from the Sasa locality using flame atomic absorption spectrometry  

Mineral w(CaCO3 )
% 

w(MnCO3)
% 

w(FeCO3) 
% 

w(MgCO3) 
% 

w(CdCO3)  
% 

Total
% 

Kutnahorite („otavite”), CaMn(CO3)2 68.83 25.19 2.15 0.69 18.91·10–3 96.88 

Kutnahorite, CaMn(CO3)2 70.45 23.60 1.79 0.67 4.55·10–3 96.51 
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Calcite samples from Trojaci, Mrzen and Al{ar vs 
the specimen from Damjan 

Continuing our spectroscopic study of the 
minerals collected from various localities in the 
Republic of Macedonia, our attention was focused 
on the specimens considered as calcite, one of the 
most widely spread mineral in the nature. The in-
frared spectra of the calcite samples from Trojaci, 
Mrzen, Al{ar and Damjan, in the spectral region 
between 2000 and 400 cm–1

 
 are shown on Fig. 3. 

 
Fig. 3. FT IR spectra of calcite from Trojaci (a), Mrzen (b), 

Al{ar (c) and Damjan (d). 

As expected, three IR active modes are regis-
tered in each spectrum. As it can be seen, the fre-
quencies of the v3 and v2 bands are practically the 
same for all calcite samples, being 1427 and 876 
cm–1 (875 cm–1 in Damjan sample), respectively. 
The blue shifting of 13 cm–1 (much larger than the 
instrument resolution of 4 cm–1) for v4 mode in the 
spectrum of the calcite sample originating from 
Damjan (725 cm–1), compared to the corresponding 
band in the spectra of other three calcite specimens 
(712 cm–1) is observed. The significantly higher 
frequency for v4 mode is not in accordance with 
the reported data in the literature (710–713 cm–1) 
[1–5, 12–15, 18]. The above mentioned blue shift-
ing of the v4 mode (approaching the frequency of 
the v4 mode around 730 cm–1 in siderite, FeCO3, 
specimen) could be considered as a significant evi-
dence about the high contamination of Damjan 
calcite sample with isomorphous siderite [4, 5, 11]. 
This corresponds with the evident oxidation on the 
surface of the Damjan calcite sample. The presence 
of the siderite impurities in the calcite sample from 
Damjan does not cause significant shifting of the 
frequency of other two broader bands because the 
frequency gap between the corresponding v3 and v2 

modes in calcite and siderite is smaller and does 
not exceed 9 cm–1 (see Table 2). 

The influence of the cation size and unit cell 
volume 

The spectral differences (discrepancies be-
tween the IR active vibrational modes) for the se-
ries of five studied rhombohedral carbonates which 
share the same structure are shown on Fig. 4 and 
Table 2. The discrepancy is particularly pro-
nounced for the weakest band due to the v4 mode. 
It is evident that the frequency of the v4 mode is 
the most sensitive to the change of the divalent 
cation size [r(Ca2+) > r(Fe2+) > r(Mg2+)], being 
shifted to the higher frequencies [v4(calcite) <  
v4(siderite) < v4(magnesite)] for the smaller cations 
and a smaller unit cell volume [V(calcite) > 
V(siderite > V(magnesite)] of the studied mineral 
(see Tables 1 and 2). The smaller the cation is, the 
stronger the bending force constants are and cause 
closer stacking of the anions around it. The fre-
quency of the v4 mode in kutnahorite, 
CaMn(CO3)2, (716 cm–1) follows this trend and lies 
between the values of the corresponding modes in 
the infrared spectra of calcite (712 cm–1) and 
rhodochrosite (722 cm–1) [4] (Table 2). The corre-
sponding cationic radii of Ca2+

 and Mn2+ in calcite 
and rhodochrosite are 1.00 and 0.83 Å, respec-
tively [10]. 

 
Fig. 4. FT IR spectra of studied rhombohedral carbonates: 
calcite (a), kutnahorite (b), dolomite (c), siderite (d) and 

magnesite (e) 

Contrary to the v4 mode, the observed dis-
crepancies between the corresponding v3 and v2 
modes in the spectra of the series of the studied 
rhombohedral carbonates do not strictly correlate 
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with the values for the ionic radii size as well as 
with the unit cell volume values (Fig. 4, Table 2).  

It is worth mentioning that the frequencies of 
the Raman active vibrational modes of the studied 
rhombohedral carbonates do not correlate with the 
corresponding cation radii [19].  

Detection of the impurities in mineral samples  

The appearance of v1 mode in the infrared 
spectra of the aragonite type of minerals (due to 
the lower (Cs) symmetry of the CO3

2– anion com-
pared to the D3 symmetry in the rhombohedral cal-
cite type) enables to determine the presence of 
rather low quantities of aragonite impurities in cal-
cite [5]. Having in mind the previous discussion 
about the shifting of the band due to the v4 mode, it 
is interesting to see whether it can be used as an 
analytical band to detect the impurities in the two-
component solid mixtures consisted of the rhom-
bohedral carbonates. Determination of the present 
impurities is especially interesting and valuable in 
the cases when the minerals appear in common 
mixtures in the nature.  

Two types of mixtures (magnesite–dolomite 
and magnesite–calcite) where the frequency of the 
corresponding v4 modes differs about 20 cm–1 in 
the former and 36 cm–1 in the latter case (Table 2) 
were selected. In the first case a series of mixtures 
of dolomite in magnesite where the content of 
dolomite ranges from 1 wt % to 10 wt % (1, 2, 5, 
10 wt %) was prepared. The infrared spectra of the 
above mentioned mixtures as well as the spectra of 
the pure dolomite and magnesite in the v4 region 
are given in Fig. 5. As seen, a rather small fre-
quency difference between the corresponding v4 
modes (20 cm–1) hardly allows detecting about 5 
unsatisfactory wt % of dolomite in magnesite. The 
smaller frequency difference (16 cm–1) between the 
corresponding Raman active v4 mode in the spectra 
of magnesite and dolomite does not promise more 
satisfactory results for detection of the impurities 
of dolomite in magnesite and vice versa [19]. 

The study was continued by preparing mix-
tures of calcite in magnesite (1, 2, 3, 5 and 10 wt 
%) and magnesite in calcite (1, 2, 5 and 10 wt %), 
where the v4 mode is found at 712 cm–1 and at 748 
cm–1, respectively (Table 2). The largest registered 
frequency difference among all five studied rhom-
bohedral carbonate minerals of 36 cm–1 makes pos-
sible to detect the presence of about 1 wt % of cal-
cite in magnesite (Fig. 6) and vice versa (Fig. 7). It 
should be mentioned that the lower limit of detec-

tion of the impurities of magnesite in calcite 
(amounting about 1 wt %) is more convincing due 
to the better baseline in the region where the higher 
frequency magnesite analytical band of the v4 
mode appears (Fig. 7). On the other hand, the fre-
quency difference between the Raman active v4 
modes for calcite and magnesite amounts 22 cm–1 
[19]. The closer appearence of the corresponding 
bands in the Raman spectra (compared to infrared 
ones) for both mineral forms could not provide 
lower limit of detection of impurities than 1 wt %. 

 
Fig. 5. FT IR spectra of magnesite (a) and dolomite (g) and 

mixtures of 1, 2, 3, 5 and 10 wt % dolomite in magnesite (b–f). 

 
Fig. 6. FT IR spectra of magnesite (a) and calcite (g) and 

mixtures of 1, 2, 3, 5 and 10 wt % calcite in magnesite (b–f) 
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Fig. 7. FT IR spectra of calcite (a) and magnesite (f) and 

mixtures of 1, 2, 5 and 10 wt % magnesite in calcite (b–e). 

Elemental analysis on siderite minerals 

The studied three siderite samples from Zle-
tovo exhibit morphological discrepancies. Two of 
them are shell-like being white and brown colored, 
whereas the third one is white colored with the 
kidney-like form of the crystals. In spite of that, 
their FT IR spectra (see Fig. 8) are practically iden-
tical, with observed maxima at 1421, 866 and 731 
cm–1 for v3, v2 and v4 modes, respectively. The 
above mentioned morphological discrepancies of 
the three siderite samples followed by the identity 
of their infrared spectra was the reason to under 
take the quantitative analysis for the presence of  

Mn, Zn, Ag, Cd, Co, Cr, Ni and Pb. The deter-
mined content of the investigated elements is given 
in Table 4. As it can be seen, a larger content of Zn 
and Cd in the kidney-like siderite specimen com-
pared to other two shell-like samples is found.  

 
Fig. 8. FT IR spectra of brown shell-like (a), white shell-like 
(b) and white kidney-like (c)  crystal forms of siderite from 

Zletovo 

Their content, however, is still too small to in-
fluence the view of the infrared spectrum. It was 
also found that the content of Mn, compared to the 
presence of other metals is very high, but similar in 
all samples from Zletovo deposit, which is in ac-
cordance with the previous data about the presence 
of Mn minerals in Fe minerals [20–22]. Some other 
(for the appearance of the infrared spectra negligi-
ble) discrepancies for the content of Cr and Ni in 
various samples are also found. 

T a b l e  4  
The content of investigated elements in siderite mineral samples from Zletovo 

Studied 
samples 

Locality 
(mine) 

Mn 
mg/g 

Zn 
mg/g 

Ag 
µg/g 

Cd 
µg/g 

Co 
µg/g 

Cr 
µg/g 

Ni 
µg/g 

Pb 
µg/g 

Sideritea-1 Zletovo 139.0 0.990 31.0 2.33 < 0.01 12.0 0.87 0.181 

Sideriteb-2 Zletovo 157.8 1.105 42.5 2.92 < 0.01 5.04 9.46 0.235 

Sideritec-3 Zletovo 138.6 7.728 34.7 11.5 < 0.01 0.93 8.54 1.135 

aWhite colored shell-like form. bBrown colored shell-like form. cWhite colored kidney-like form.  

CONCLUSION 

It was shown that the FT IR spectroscopy en-
ables to distinguish between some rhombohedral 
calcite type minerals which essentially share the 
same structure. It is mainly due to the rather ex-

pressed sensitivity of the v4 vibrational mode to the 
change of the divalent cation size [r(Ca2+) > r(Fe2+) 
> r(Mg2+)]. It was also shown that the most pro-
nounced frequency difference between the corre-
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sponding v4 modes in dolomite and calcite is large 
enough and makes it possible to detect the pres-
ence of very low content (1 wt %) of magnesite in 
calcite and vice versa.  

In spite of the morphological differences (in 
shape and color) between the three studied siderite 
samples, their infrared spectra are found to be identi-

cal. The performed atomic absorption elemental 
analysis revealed the extremely high presence of 
rhodochrosite (MnCO3) in all siderite samples.  
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Furieovata transformna infracrvena spektro-
skopija (FT IR) e polzuvana za razlikuvawe na nekoi 
minerali od kalciten (kalcit, CaCO3; magnezit, 
MgCO3; siderit, FeCO3) i od dolomiten tip (dolomit, 
CaMg(CO3)2; kutnahorit, CaMn(CO3)2) so poteklo od 
Republika Makedonija. I pokraj faktot {to dvete 
grupi kristaliziraat vo heksagonalniot (romboedar-
ski) kristalen sistem i poseduvaat ista struktura 
(poradi {to se nare~eni romboedarski karbonati), 
zabele`ani se zna~itelni frekvenciski razliki me-
|u aktivnite modovi ν3, ν2 i ν4 vo nivnite FT IR spek-
tri. Frekvenciskata razlika e najizrazena kaj modot 
ν4. Toa ovozmo`uva spomnatite geolo{ki va`ni kar-

bonati da bidat razlikuvani eden od drug, kako i da se 
opredeluva prisustvoto na ne~istotii na edna kom-
ponenta vo druga. Taka, najniskata granica za detek-
cija na ne~istotii od kalcit vo dolomit i obratno 
iznesuva okolu eden masen procent. Diskutirano e i 
vlijanieto na stepenot na isitnetosta na probata vrz 
pojavuvaweto na dopolnitelni spektralni lenti. 
Isto taka e napravena elementarna analiza na tri si-
deritni primeroci koi, i pokraj zna~itelni mor-
folo{ki razliki, imaat identi~ni infracrveni 
spektri. Istoto e napraveno i za dvata kutnahoritni 
primeroci. 


