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Introduction
Chabazite, a known mineral from the zeolite group,

has rhombohedral structure (R?m , a=13.78A,
c=14.97 A) and idealized crystal chemical formula
(Ca,Na,,K,),Al,Sig0,,4.12H,0. Strontium has also
been proved to occupy part of the cation positions,
compensating for the framework charge of this
zeolite. Occurrences of natural Sr-containing chaba-
zite are rare (Passaglia, 1970; Ulrych and Rychly,
1981; Livingstone, 1986; Robert, 1988). Sr-chabazite
has been described in Kayryaka quarry, Bourgas
region, Bulgaria during a previous study (Kamenov
etal., 1999). The aim of the present study is to prepare
a Sr rich chabazite via cation exchange and to study
the location and coordination of the extra-framework
Sr by single-crystal X-ray methods .

Kayryaka quarry is located at about 2 km SW of
Chernomorets village, Bourgas region. It is build up
of monzonites, part of the Rossen pluton (Dimitrov
and Dimitrova, 1961). The monzonites contain
pegmatite bodies, having central hydrothermal zones
build up of quartz, albite, epidote, calcite, chalcopyrite,
chlorite, laumontite, chabazite, etc (Rashkova and
Kirov, 1980).

Materials and methods

The investigated chabazite samples were collected
from the hydrothermal zone of the pegmatites. The
morphology, color and size of the crystals were
determined macroscopically and under binocular
microscope. For the single crystal X-ray experiments,
specimens with maximum transparency and suitable
sizes and shapes (nearly cubic fragments, approxi-
mately 0.066 X 0.066 X 0.066 mm long) were
selected. Part of the crystals was subjected to ion
exchange with Sr?" aiming to increase the strontium
quantity and localize it in the structure. The exchange
was performed in water solution of strontium nitrate
Sr(NO;), for three days at 60°C and four days at
room temperature.

The chemical composition of the natural and
exchanged Sr-chabazite was quantitatively analyzed
with a Philips SEM-515 equipped with an EDAX PV
9100/70 analitical system. X-ray data collection of
natural and exchanged chabazite crystals was
performed at room temperature with monochromatic
Mo radiation (A=0.710730A) using single crystal
diffractometer Enraf~Nonius CAD-4 where diffrac-
ted intensities are detected with scintillation counter.

Structure refinement of natural and exchanged Sr-
chabazite was carried out with the program SHELX-
97 (Sheldrick, 1997). Cation sites and positions of
oxygen atoms from water molecules were localized
by analysis of difference Fourier maps.

Results and discussion
The studied chabazite crystals are well-shaped

rhombohedra {1011} (Fig. 1) or twinnings along

{1011}and {0001}. The crystals reach up to 20 mm
in size. Most of them display two distinct zones: inner
zone, with rusty-brown coloration, ranging from
yellowish-brown to dark brown; and outer zone, which
is yellowish or colorless.

The electron microprobe analysis yielded

(Cay 44Nag 0K 1§51 1,Cug 04)12(Sig 30Al 61 Fe€ 06)O024

and (Ca g;7Kg 15510 65CU0,04)12(S1g 24Al3 70F€0,06)O24
for natural and Sr-exchanged chabazite, respectively,

Fig. 1. Chabazite crystal from Kayryaka quarry, Bourgas
region, Bulgaria.
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based on 24 oxygen atoms. It appears that after seven
days of ion exchange the sodium cations have
completely abandoned the structure, being carried out
in the solution, as confirmed by chemical analysis.
Ca atoms are just partly substituted by Sr. Data also
show increase of SrO content from 1.53 wt.% in
natural chabazite to 8.57 wt.% after the exchange.
Unit cell parameters (a=b=c=9.388A, a=p=
=y =94.395°) were established from 22 reflections in
the range 20.08<0<21.81. The structure refinement
of natural and Sr-exchanged crystals was based on
1224 unique reflections in the range 2.18<6<25.96,

defining the R3m symmetry group with Z=4.

®1-Ca Sr
IT-Ca, Sr
Im- Ca

After the last refinement the reliability factors
were as follows: R=0.1022, wR=0.3166 and
GooF=1.1430 for the natural chabazite and R=0.1055,
wR=0.3637 and GooF=1.401 for Sr-exchanged
chabazite, respectively.

Main cation sites (coding is according to Calligaris
et al., 1982) remain the same in both natural and Sr-
exchanged form of chabazite (Fig. 2). Occupancy
factors have changed as follows: after ion exchange
Sr occupies preferably position I and some Sr ions go
to position II; Ca quantity in position III (the double
hexagonal cage) slightly increases in Sr-exchanged
chabazite.

—~y ? 1Cu, 8r
. Tl Ca, Sr

Figure. 2. Crystal structure representation of chabazite, a) perspective projection along the pseudo-triad axis [111]; b)
projection along [001], small spheres represent extra framework cation sites.

Table 1. Atomic coordinates and occupancy factor values for natural (left) and Sr-exchanged

(right) chabazite.

Pos  Atom Occ. X y z Pos  Atom Occ. X y z
121 Si 0.70 0.8954 0.6670 0.1230 121 Si 0.70 0.8752 0.6663 0.1045
121 Al 0.30 0.8954 0.6670 0.1230 121 Al 0.30 0.8752 0.6663 0.1045
6h Ol 1.00 0.7471 0.7471 0.1064 6h Ol 1.00 0.7475 0.7475 0.1059
6h 02 1.00 0.9737 0.9737 0.6752 6h 02 1.00 0.9739 09739 0.6749
6h O3 1.00 0.7397 0.7397 0.0000 6h O3 1.00 0.7475 0.7475 0.1059
6h 04 1.00 0.8488 0.8488 0.5000 6h 04 1.00 0.8469 0.8469 0.5000
2¢ Cal 0.55 0.7751 0.7751 0.7751 2c¢  Cal 0.05 0.7831 0.7831 0.7831
2c Nal 0.14 0.7751 0.7751 0.7751 2¢ Sr1  0.29 0.7831 0.7831 0.7831
2¢  Srl 0.06 0.7751 0.7751 0.7751 2c Ca2 0.10 0.5949 0.5949 0.5949
2c Ca2 0.28 0.5937 0.5937 0.5937 2¢ Sr2  0.12 0.5949 0.5949 0.5949
la Ca3 0.21 0 0 0 2c Ca3 0.27 0 0 0

3¢ Owl 0.46 0.5 0.5 0 2c  Owl 046 0.5 0.5 0

6h Ow2 0.79 0.5801 0.5801 0.2448 la  Ow2 0.79 0.5800 0.5800 0.2559
2¢ Ow3 0.58 0.2150 0.2150 0.2150 6h Ow3 0.58 0.1932 0.1932 0.1932

Table 2. Selected interatomic distances (A) and angles (°) for atoms of natural (left) and Sr-

exchanged (right) chabazite.

T-O1 1.6353)  03-T-O1 111.003)
T-02 1.636(3)  03-T-02 111.5(4)
T-03 1.6313)  OI-T-02  108.3(4)
T-04 1.6423)  03-T-04  108.6(3)
Cal-Ca2  2.710(3)  O1-T-04  106.6(3)
Cal-02  2.800(15) 02-T-04 110.8(4)
Nal-02  2.800(15) T-OI-T  148.4(5)
Cal-Ca3  3370Q2) T-02-T  146.8(6)
Ca2-Ow2 2.820(3) T-O3-T  148.3(6)
Ca3-02  3.030(8) T-O4T  143.4(5)

T-O1 1.637(4)  03-T-01  111.05)
T-02 1.647(4)  03-T-02  111.1(5)
T-03 1.631(4)  OI-T-02  108.2(5)
T-04 1.646(4)  03-T-04  108.6(4)
Cal-Ca2  2.480(5) OI-T-O4  105.9(4)
Cal-02  2.930(3) 02-T-04 111.1(5)
02-Srl 2.9303)  T-OI-T 148.9(8)
Cal-Ca3  3.580(5)  T-O2-T 147.2(8)
Ca2-Ow  2.860(3)  T-O3-T 148.9(8)
Ca3-02  3.031(11) T-O4-T 141.8(6)
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Conclusions

Single crystal X-Ray diffraction method was used to
investigate natural Sr-bearing chabazite and its Sr-
exchanged form. Results are comparable with
previous studies (e.g. Calligaris et al, 1983) and show
incomplete substitution of Ca atoms by Sr. After the
exchange Sr ions are incorporated preferably in
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MOHOKPUCTAJVIEH CTPYKTYPEH AHAJIN3 HA Sr-CbAbP/KALLl XABAZUT
OT KAPUEPA KAUPSKA, BYPTACKA OBJIACT U OBMEHEHATA MY

CbC Sr ®OPMA

Pocuya Ilemposa, Anexcanovp Hseanos, Munen Kaouiicku, Ocnan Ilempos, Baraoucnas Kocmos-Kumun, Muxaun

Tapacos

Xaba3uThT, MO3HAT MHHEpad OT rpymnara Ha
3€0IIUTUTE, TTPUTEKaBA pOMOOEIpUIHA CTPYKTypa
(R3m, a=13,78A, c=14,97A) u uaeaqu3nupaHa
KpUCTAIIOXUMHUYHA (hopMyra:
(Ca,Na,,K,),Al,Sig0,,.12H,0

YacT oT KaTHOHHHUTE TO3UIINH B CTPYKTYpaTa My
Morar a ce 3aeMar oT Sr’*, kommeHcupal 3apsaaa
Ha pelrerkara Ha To3d 3eonuT. Haxomgkure Ha mipH-
pomHu Sr-ChIbpIKaIIM Xaba3uTu ca penku. B bbi-
rapus Sr-xa0a3ut e onucaH B kapueparta Kaiipsika,
Bypracka obmact mpu mpemuIHO H3CieqBaHe Ha
aBTOpHTE.

Kapuepara ce Hamupa Ha okono 2 km rorozamaHo
ot ceno Yepromoperl. T e usrpajieHa or MOHITOHHTH,
KOUTO ca 4dacT or PoceHckus miytoH. CkanuTe
CHABPYKAT IETMATUTOBH TEJNA, YNUTO LIEHTPATHA YACTH
ca M3TpaZiecHu OT KBapIl, ajOWT, eMUAOT, KaJIIWT,
XaITKOTIMPUT, XJIOPUT, IOMOHTHT 1 Xaba3uT, 00pa3yBaHU
TIPY XUIPOTEPMAITHH YCIIOBHSL.

WzcnenBannTe xaba3uToBU 00pasiy ca B3ETH OT
HIEHTPAITHUTE YaCTH Ha ierMatuTute. Mopdornorusra,

IBETHT U Pa3MEPHTE HA KPUCTAIUTE Ca OMPEIeTIeHH
MaKPOCKOIICKM W 107 OWHOKYIISIPEH MHKPOCKOM. 3a
MOHOKPHCTAJTHUTE PEHTTEHOBU EKCIIEPHMEHTH ca
nmogopaHy 00pa3Iy ¢ MaKCUMAaITHa TPO3PAYHOCT U C
noaxoAsamy GopMu U pazMmepu (IMOYTH KyOMIHU
JacTHIH ¢ TorreMuHa okosio 0,066 x 0,066 x 0,066 mm).
YacT or KpHcTaTUTE ca MOAJI0KEeHH Ha HOHEH OOMeH
BBB BoZieH pa3tBop Ha Sr(NOs), B mepuoxn ot 3 mHH
ipu 60°C 1 4 gHM npH CTalfHaA TeMIIepaTypa.

XUMAYHUST CHCTaB Ha MIPUPOIHUSA 1 OOMEHEHUS
Sr-xaba3ut e onpeneneH KOMMYECTBEHO C MIOMOIIITa
Ha Philips SEM-515, crabnen cbe cuctema EDAX
PV 9100/70. MoHOKpHCTAaTHUTE PEHTTEHOBU
eKCIIEPUMEHTH BbPXY IPUPONIEH U 0OMEHEH Xa0a3uT
ca M3BBIICHW NPU CTaliHA TeMmIepaTrypa IoJ
MoHOXpoMaTHO Mo-nbuenue (A=0,710730A) c
mudpakromersp Enraf-Nonius CAD-4 cbc cuuHTH-
JIAIMOHEH OpOosH.

CTpyKTypHOTO yTOYHSIBaHE Ha TMPUPOIHUS U
oOMeHeHHs1 Sr-xa0a3uT € M3BBPIINECHO C TporpaMara
SHELX-97. [lo3unuure Ha KATUOHUTE U HA KUCIOPOA-
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HUTC aTOMH OT BOAHUTC MOJICKYJIIM Ca YCTAHOBCHHU C
aHaJIM3 Ha KApTUTC HAa OCTaTbyHATa CICKTPOHHA
ITBTHOCT.

HBCHGZ[B&HI/ITG Xa0a3uTOBU KpuUCTaJjii NpeaACTaBIIA-

Bat n00pe odpopmenu pomboenpu {1011} wiun

cpacteu o {1011} 1 {0001}. Kpucranute gocturar
20 mm ronemuHa. [loBeuero OT TIX MpUTEKaBAT BE
SICHO M3Pa3eHH 30HU: BETPEIIHA, C PHKIUBOKA(SIB IIBSAT,
MpEeMUHABAIl OT XBITOKa(IB J0 TBMHOKA(SAB U
BBHIITHA 30HA, KOSTO € JKBbJITCHHKAaBa 0 OE3LBETHA.

[MonyueHnuTe maHHHU OT ENEKTPOHHHS MHUKPO-
COHJIOB aHAJIN3 ca:

(Cay 44Nag 59K 1551 15Cug 04)12(Sig 30Als 61F€ 06)O004

1 (Cay 87K 15510 65CU 04)12(Sig 24AL5 70F € 06)O24
ChOTBETHO 32 NMPUPOAHUS U 32 OOMEHEHHUS ChC

CTPOHITMI Xa0a3WT, M3YKCICHU Ha OCHOBara Ha 24
kucioponau aroma. OT XUMHYHHS aHAJIU3 Ce
MOTBBPIKIaBa, Y CICH CeeMIHEBEH HOHO0OMeH, Na
KaTHOHM Ca W3HECEHW HAITBJIIHO OT CTPYKTypara B
pa3tBopa. Ca aToMy ca YaCTUYHO 3aMECTEHH OT ST.
JlaHHWTE CHITIO [TOCOYBAT MOBUINIABAHE ChTBPIKAHUETO
Ha SrO or 1,53 ter. % B npuponuus xaba3ur 1o 8,57
Tern. % cuen HoHOoOOMEHa.
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[TapamerpuTe Ha enemMeHTapHaTa KieTka (a=b=
=¢=9,388E, a=£=y=94,395°) ca ycraHoBeHU OT 22
pedraekca B uaTepBana 20,08<0<21,81. YrTouns-
BaHETO Ha CTPYKTYpUTE HA MPUPOJHUTE U OOMeHe-
HUTE ChC ST KPUCTAJIHN € HAllPaBEHO Bb3 OCHOBA Ha
1224 pednexca B unTepBana 2,18<6<25,96, onpexe-
JISIIIO MPOCTPAaHCTBEHA rpyna u Z=4.

Crnen nocienHuTe yTouHeHHs, QakTopuTe Ha
nocroBepHocT ca: R=0,1022, wR=0,3166 u GooF=
=1,1430 3a npupoxgnus xabaszut u R=0,1055,
wR=0,3637 u GooF=1,401 3a oOMeHeHUS CBC Sr
xa0a3ur.

['maBHUTE KATHOHHU MO3UIIHU OCTaBAT HEMPOME-
HEHU CIie]l HOHOOOMEHa, KaTo CE IMPOMEHSAT CaMo
(hakTOpUTE HA 3a€TOCT HA MO3UIIMHTE: 3aCEICHOCTTA
B no3unus [ HapactBa ot 49 Ha 61%; B mo3unus 11
nmMa jek cnan ot 33,4 Ha 29,3%; Ca B mo3umus 111
ce yBenuuasa ot 2,11 Ha 5,35 B oOMeHeHHs Xa0a3uT.

[lpu ananm3a Ha KapTHTE HA OCTaThbYHATA
CJICKTPOHHA TUTBTHOCT € YCTAaHOBEHA JOMBJIHUTEIHA
no3unus Ha BogHa Monexyna (W3) B oOMeHeHaTta Ha
Sr ¢popma Ha xaba3uta. Ts Ma MHOTO HECKA 3a€TOCT,
CpaBHHMa ChC 3ary0aTa Ha Bojia B mo3unus W1,



