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STRUCTURE SPACE CONVERSIONS IN Ko,955Cs0,04sNO3
SOLID SOLUTION CRYSTAL

R.B.Bairamov!, V.I.Nasirov2, E.V.Nasirov3
(Presented by Academician of ANAS J.Sh.Abdinov)

Ko,955CS0,04sNO3  monocrystals have been achieved by the use of isothermal crystallization
and polymorph conversions have been analyzed in the samples obtained with optical microscope
and x-ray methods. It has been determined that Ko955CS0,04sNO3 crystal has an orthorhombic cage
space group of which is Pmcn with a=5,41994, b=6,43634, c=9,16484, parameters at a room
temperature. At T>455K temperature, this orthorhombic cage is converted into rhombohedral cage
space group of which is R3mwith a=542504, ¢=9,83604 parameters. It has been clear that
11«11 conversion in analyzed crystals occurs with the formation and growth of newly created crys-
tal embryo within the main crystal. New modification embryo firstly grows in /100/ crystallograph-
ic direction of the main crystal and after the growth ends in this direction, it continues in /001/
crystallographic direction of the crystal. Kogs5CS0,04sNO3 11111 conversion is of monocrys-

tal «->monocrystal type and is characterized as enantiotropic.
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Introduction

The issue of structure stability of substances
including crystals depending on external situations
is one of the main problems of solid-state physics.
As crystals are frequently used in different spheres
of science and technology, this problem turns out
to be actual. From this perspective, researches on
mechanism of structural conversions because of
temperature are both scientifically and practically
important. Thus, these conversions are closely re-
lated to technologies of materials.

The article is on mechanism of Il
polymorph conversions in Ko gssCSo,04sNO3 Crys-
tals and the morphology of crystal growth, crys-
tal structure, and cage stabilities of the very crys-
tals have been determined with the aid of optical
microscope and roentgenographic methods. It is
worth mentioning that learning of polymorph
conversions in nitrate compounds of alkali is
both scientifically and practically important as
these substances are used in pyrotechnics, medi-
cine materials and so on.

It is known that both KNOszand CsNOz un-
dergo two polymorph conversions from room
temperature until the melting point [1-4]. While
cooled, one more structural conversion is ob-
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served in KNO3[5]. Crystallographic information
of these modifications is given in Table 1.

Many researches have been conducted
on structural conversions of nitrate compo-
unds of alkali including potassium and caesi-
um [6-9]. Different authors have done various
researches on hard solutions of these sub-
stances [10-12]. Ki1xAgxNOs3, Ki.xRbxNOs,
Rb1xCsxNOs, Rb1xAgxNOz hard solution crys-
tals have been grown and analyzed by us and
interesting solutions have been gotten [13-15].
Being the continuation of the mentioned research-
es, this article is on the research of structure space
conversions in, KogssCso04sNO3 crystals with the
aid of optical microscope and x-ray methods.

Experimental method

The analyzed sample has been obtained
from water solution of KNO3z and CsNOs com-
pounds at room temperature using the isother-
mal crystallization method. The samples were
generally taken in a plane board shape and
needle-shaped form. The dimensions of the
needle were 1x0,5x10 mm in the crystallo-
graphic direction (Fig. 1).
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Table 1

Structural data for different modifications of KNO3z and CsNOs3
and the temperature ranges of their existence

Compo- Lattice parameters Modification

sitié)n Symmetry P Sp.gr. existing
a,A |bAl|c A o temperature T,K

Rhombic 4411 | 6,42 | 9,17 Pnma 300-400
KNO3 7,148 - - 44935 | R3m 400-610
Rhombohedral = === = [76%6' | R3m 383-397
Trigonal 10,87 | - 7,76 P3/m 300-434
CsNOs Cubic 898 | - : Pa3 434-687

[0 mm
R

Fig. 1. Ko.9s5Cs0.04sNQO3 single crystals obtained from an
aqueous solution

Morphological researches were conduct-
ed with heater provided MIH-8 type polariza-
tion microscope and the conversion process
was filmed on a computer with the usage of
“Levenhuk C310 NK” brand film camera. The
tip of thermocouple with +0,5 K accuracy at
373 K touched directly on the surface of the
sample. Before the morphological researches
were conducted, the balance temperature was
determined among Il and 11l modification crys-
tals. To=455+1K was determined for that tem-
perature.

Experiments conducted with optical mi-
croscopes showed that 11—I11 polymorph con-
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versions in Ko,s5CS0,04sNO3 mono crystal al-
ways happen at T>To temperature. The process
is observed with the appearance and growth of
rhombohedral crystal embryo in orthorhombic
crystal. As it is clear from the Figure 2, 111 crys-
tal embryo that is formed within the main crys-
tal in the course of Il—Ill conversion mainly
grows in the crystallographic direction (com-
pare photo 2 and 3).

After the first embryo is formed, more
three embryos of Il modification crystal are
formed within the main crystal (photo 4). The
very embryos are shown with arrows in the
photo. The growth of the following embryos
happen in [100] and [001] directions. Howev-
er, in all cases vio>vyoo1] is observed. Photo 5
shows that four of Il crystal embryos take part
in 1l 111 conversion process. In the conclusion,
unique 11 modification crystal is formed (photo
6). When the crystal is cooled, counter conver-
sion is observed at T<To temperature. This pro-
cess also happens with the formation and
growth of 1l modification crystal embryo within
Il modification crystal (photo 7).

The analysis of experimental outcomes
reveal the fact that 11—1ll polymorph conver-
sions in Kog55CS0,04sNO3 crystals are observed
with the formation and growth of newly formed
embryos within the main crystals. Partial re-
placement of K* ions with Cs*ions in potassi-
um nitrate result with ~50K increase in conver-
sion temperature.
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Fig. 2. Optical micrographs of the growth of crystals III and II at the II«<>III polymorphic transformation in
Ko.055Cs0.04sN O3 (magnification of 90)

Roentgenographic researches in Kogss CSo,045
NOs crystals were conducted in D8 ADVANCE
type roentgen diffractometer of Bruker company
(Germany) at CuKo (A=1,5406 A) radiation in
300<T<600K temperature interval in TTK 723K
temperature chamber in 40 kV, 40 mA regime.
The indexation of obtained diffraction reflections
was realized on the base of TOPAS and EVA pro-
grams. As the applied roentgen diffractometer was
considered for powder, the obtained mono crystals
were turned into powder and researches were con-
ducted in 10°<26<80° angle intervals. The diffrac-
tion reflections observed at a room temperature
(T=300K) were indexed in orthorhombic cage
space group of which was Pmcn with a=5,4199A,
b=6,4363A, c=9,1648A parameters. In the follow-
ing stages of experiments, temperature was in-
creased and shootings were realized in a isother-
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mal condition after each 10K. Before each shoot-
ing, the crystal was kept in stable temperature for
30 minutes.

The experiments showed that the struc-
ture of researched crystal change in T>455K
temperature and orthorhombic cage is convert-
ed into a this orthorhombic cage is converted
into rhombohedral cage space group of which is
R3m with a=5,4250A, ¢=9,8360A parameters.
When the crystal is cooled, the counter process
- rhombohedral - orthorhombic conversion — is
observed. The following structural conversions
are observed in 300+-600K temperature interval
in Ko,955Cs0,04sNO3 crystals that were obtained
as a result of partial replacement of K* ions
with Cs* ions.
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Orthorhombic Rhombohedral
a=5,4199A | T>455K a=5,4250A
b=6,4363A — c=9,8360A
c=9,1648A | T<455K | sp.gr. R3m
sp.gr. Pmcn <«

Conclusions

Thus, ll«<>1Il polymorph conversion in

Ko55CS0,04sNO3 crystals is of monocrystal<>mo-
nocrystal type and is characterized as enantio-
tropic. The conversion process happens with the
formation and growth of newly formed crystal

embryos. Partial replacement of K" ions with Cs*
ions result with ~50K increase in conversion tem-
perature. Numerous experiments have proved that
interval 1 modification no longer exist beteen 111
and Il modifications as it is shown in the sample.
The analysis of Table 2 shows that (221),
(202), (310), (014), (400), (351) planes of
orthorhombic modification coincide with (104),
(202), (210), (300), (220) and (132) planes of
rhombohedral modification. It can be said that
solid crystallographic direction exists between
Il and Il modification in the course of Il llil
conversion in Ko 955CS0,04sNO3 crystals.
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Fig. 3. Diffraction patterns of Ko.s5sCs0.04sNO3 crystal at different temperatures
Table 2
Calculated diffraction patterns of a Ko,s5CS0,04sNO3 crystal, recorded at
different temperatures (CuK, radiation, A=1,5406 A, 40kV, 40mA)
Texp, K 20, deg. exp, A /1o, % hkl Unit-cell parameters
1 2 3 4 5 6
19,029 4,6602 9,9 110
23,551 3,7746 38,5 111
23,817 3,73295 15,2 021
29,035 3,03639 100 012 Orthorhombi
32,339 2,7607 39,7 102 rt 502 lgg‘ A'C
200 32,414 2,75983 14,3 031 bc 4363 4
33,077 2,706 11,9 200 c=9’1648 A
33,662 2,66036 40 130 sp g’r Pmen
33,622 2,64808 59,5 022 A
34,014 2,63358 52,5 022
38,609 2,33006 12,3 220
40,69 2,21562 3,3 032
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1 2 3 4 5 6

41,169 2,19091 22,7 221
43,669 2,07112 8,8 202
44,132 2,0544 26,5 132
46,565 1,94882 25,1 113
46,712 1,94302 16,7 023
51,595 1,7703 3,7 310
58,162 1,58483 5,9 014
59,457 1,55337 6 330
60,856 1,52096 6 114
60,979 1,5182 6,7 024
67,692 1,38303 44 204
67,866 1,37992 4,5 062
68,565 1,36755 7,5 214
69,407 1,353 4,5 400
75,316 1,26082 3,3 351
20,938 4.23939 2,3 101
26,211 3,39716 100 102
27,177 3,27867 2,8 003
32,996 2,71249 25,3 110
37,878 2,37518 15 112
39,405 2,28483 20 201
41,412 2,17863 11,9 104
42,618 2,11969 11 202 Rhombohedral

455 43,255 2,08996 8,2 113 a=5,4250 A,
50,26 1,82181 16 114 c=9.8360 A,
51,417 1,77574 1,3 210 sp.gr. R3m
52,31 1,74749 7,1 211
53,936 1,69858 1,2 204
54,929 1,6702 2,3 122
58,927 1,56606 1,5 300
64,698 1,43961 3,3 124
69,217 1,35625 1,6 220
75.404 1,25958 1,7 132
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Ko,955CS0,0sNO3 BORK MOHLUL KRiISTALINDA QURULUS FAZA CEVRILMOLORI
R.B.Bayramov, V.i.Nasirov, E.V.Nasirov

Izotermik kristallasma metodu ilo KogssCS004sNO3 monokristallar1 almnus vo optik mikroskopiya vo rentgenografiya
tisullari ilo alinan niimunslords polimorf ¢evrilmalor todqiq olunmusdur. Miisyyan edilmisdir ki, Ko,955CS0,04sNO3 ktistali otaq
temperaturunda parametrlori a=5,4199A, b=6,4363A, ¢=9,1648A, foza grupu Pmcn olan ortorombik gofoso malikdir.
T>455K temperaturda bu ortorombik gofas kristal gofasinin parametrlori a=5,4250A, ¢=9,8360A, faza grupu R3m olan
romboedrik gofass gevrilir. Miioyyan edilmigdir ki, tadqigq olunan kristallarda 11<>1II gevrilmosi ana kristal daxilinds yeni
yaranan kristal riigeyiminin amolo galmasi vo boyiimasi ilo bag verir. Yeni modifikasiya riigeyimi avvolca ana kristalin [100]
kristallografik istigametinds boyiiyiir vo bu istigamstdo boyliimo basa catdiqdan sonra kristalin [001] kristallografik isti-
gamatinds davam edir. Ko g55CS0,04sNO3 [1—III gevrilmasi monokristal<>monokristal tipli olub, enantiotrop xarakter dastyir.

Agar sozlar: kristal, monokristal, polimorfizm, polimorf ¢evrilma, modifikasiya

CTPYKTYPHBIE ®A30OBBIE IPEBPAIIIEHUSA B TBEPAOTEJIBHOM
PACTBOPE Ko,955C50,04sNO3

P.B.Baiipamos, B.U.Hacupos, J.B.Hacupos

MeTon0M H30TEpPMUYECKON KPHCTAJUIM3AIMH TTOIy9eHbl MOHOKpUCTAIIBI Ko g55CS0,04sNO3, B KOTOpBIX MeTOzma-
MH ONTHYECKOH MHUKPOCKOIIMH M pPEHTreHorpaduu HcciIeqoBaHbl MOJUMOP(HBIE NMPEBPALICHUS. Y CTaHOBJIEHO, YTO
kpuctamt Ko gs5CSo,04sNO3 TIpi KOMHATHOH TeMIIepaType UMeeT OpTOPOMOMUYECKYO pemeTky (mp.rp.Pmen) ¢ mapamer-
pamu a=5,4199A, b=6,4363A, ¢=9,1648A. IIpu Temmeparype T>455K opropomOuueckas pemreTka MpeBpaIlaeTcs B

pom6osapuueckyto (p.rp. R3M) ¢ mapamerpamu kpucranmueckoit pemetku a=5,4250A, ¢=9,8360A. Tokazano, uto
npespamieHus |l1<>11l B uccaenryeMpix kpucTamiax IpoUCXOIIT ¢ 00pa3oBaHHEM M POCTOM 3apOJbIIIeH JoUYepHEH Mo-
JudUKanuy BHYTPH MaTPUYHOI'O KpUCTAJUIA. 3apOJbIIId HOBOM MOJM(MKAIMK CHAa4aja BO3HMKAIOT B KpHCTAJLIOTpa-
¢unueckom HanpasieHun [100], a moce 3aBepiieHus pOCTa B 3TOM HANpPaBJICHUH MPOLECC NPOJOIDKAETCS B HAIIPaBIIe-
uuto [001]. Ipespamienne 1> B8 Kg955CS0,04sNO3 HOCHT SHAHTHOTPOIIHBIH XapakTep.

Knrouegvie cnosa: kpucmaii, MOHOKPUCIMAILL, NOAUMOPGHHbIE NPEBPAUeHUsL, MOOUPUKAYUSL
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