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B TemnepaTypHOM nHTepBane 25-50 °C
nccneposaHbl hasoBble paBHOBECUS B cUCTEME
RbCI - CuCl,-2H,0 - H,0. OnpepeneHbl
KOHL,@HTpaLUMOHHbIe Nnpepesibl Kpuctanamsauum,
TemrnepaTypHas 3aBUCMMOCTb U KOHTPY3HTHbIN
XapaKTep pacTBOPMMOCTU COeAMHEHUS
Rb,CuCl,-2H,0. MeToA0M CHMXXEeHUS TemnepaTypbl
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BBEAEHWUE

KpHCT/UIBL COMel IepeXOIHBIX 37IeMEHTOB MOTYT OBITh
MCII0/Ib30BaHbl B POTOHHKE B KaueCTBe 30HHBIX QHJIb-
TPOB B Pa3/IMUHBIX YacTsX creKrpa [1]. Xopollnm mnpu-
MEepPOM TOMY CJIy>KaT KPUCTaJUIbI IIATUBOLHOIO Cy1bdaTa
Menu (CuSO,-5H,0) [2]. OnTHYecKUH CIIeKTp IIPOIycKa-
HUS STUX KPUCTAJIJIOB I103BOJISET CeJIEKTUBHO BBIIE/IATh
obmacts ciekTpa 280-570 HM. Takye CBOFICTBA KPHUCTA/UIA
cynbdaTa Memy obycrIoBlIeHbl GIHMKHUM KOOPAHHALI-
OHHBIM OKPY>KeHHeM aTOMOB Me[M B CTPYKType KpH-
CTa/ula. ATOMBI MeAU HaXOHSATCS B OKTa3dpUYeCKOM
OKPY>KeHHH YeThblpeX aTOMOB KHC/IOPOJa MOJIEKYJI BOAEI
U IByX aTOMOB KHC/I0pofa CyabaTHBIX IPyIII [3].

I pacuivpeHus cheprl IPpUMeHeHUS ONTHYECKUX
KPUCTAIJIOB B (QOTOHHKe HeODXOZMMO KCC/Ief0BATh
BO3MOKHOCTH YIIPaB/IsSieMOr0 CMeIeHUs I10JIOCHL IIPO-
IIyCKaHMS KPUCTajUla B Ty MM HHYIO YacTh CIIEKTpa.
Hawuboree [elicTBEHHBIM CII0CODOM TaKOTO yITPABIE€HHS
CIIeKTPa/IbHBIMH XapaKTePUCTHKAMHU SIBJISIeTCS M3MeHe-
HUe 6/IMDKHEro KOOPAMHAIIMOHHOIO OKPY>KeHHS aToMa
IIePeXOJHOr0 MeTa/l/Ila B COCTaBe KPUCTA/IIA, IIPU 3TOM
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The phase equilibria in the RbCl - CuCl,-2H,0 -
H,O system were examined in the temperature
range of 25-50°C. The concentration limits of
crystallization, the temperature dependence,
and the congruent nature of solubility of the
Rb,CuCl,-2H,0 compound were determined.
The Rb,CuCl,*2H,0 crystal was obtained by the
temperature reduction method and its optical
transmittance spectrum was studied for the first
time.
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INTRODUCTION

The crystals of transition element salts can be used
in photonics as the band filters in various portions of
the spectrum [1]. A good example of this phenomena
is the crystals of copper sulfate pentahydrate
(CuSO,-5H,0) [2]. The optical transmittance spectrum
of these crystals makes it possible to selectively
emphasize the spectral region of 280-570 nm. Such
properties of the copper sulfate crystal are due to the
inner coordination environment of copper atoms in
the crystal structure. The copper atoms are located
in an octahedral environment of four oxygen atoms
of water molecules and two oxygen atoms of sulfate
groups [3].

In order to expand the field of application of optical
crystals in photonics, it is necessary to study the pos-
sibilities of controlled shifting of the crystal’s band-
passes to one or another portion of the spectrum. The
most efficient method to control the spectral speci-
fications is to change the inner coordination envi-
ronment of the transition metal atom in the crystal,
while maintaining the octahedral symmetry of this
environment.
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C cOXpaHeHHeM OKTa3IpPUYecKOM CHMMETPHUU AAHHOIO
OKpY>KeHHS.

XOpOUIMM JTUTAHJOM, IOAXOASIIUM ISl 9TOH LIefH,
siBysieTcst MoH xtopa (Cl7). [IaHHBIF THUTaH], Tak SKe Kak
Y BOJa, U Cy/1bdaT-aHHOH, OTHOCHTCS K IPYIIIle CIabbIX
JIMTAHZIOB, T.e. He MeHSeT CUMMETPUH KOOPAMHALIM-
OHHOT'O OKPY>KeHHS aTOMOB MeZIU B CTPYKType KPUCTAI-
noB. TakruM 06pa3oM, Ipy 06pa3oBaHUM KOMITTIEKCHBIX
OKTa3[IpOB B CTPYKTypaX KPHCTA/UIOB XJIOPUIOB MeIU
XJI0p BCTyIIaeT B KOHKYPHpYIOIee B3aMMOEHCTBHE
C BOZIOM C 0b6pa3oBaHMEM CMeLIaHHBIX I10 THUTAHIHOMY
COCTaBY OKTA3/POB.

Bnaromaps W3/10KeHHBIM O0COOEHHOCTSIM O/H>KHEro
KOOPAMHAIIMOHHOIO OKPYKeHHS B KPHUCTa/UIaX XJIO-
PHUIOB Me[y BBI3bIBAET MHTepeC KPUCTAUT AUTHApaTa
IOBOMHOTO x10puaa pybuaus-menu Rb,CuCl,-2H,0. laH-
HBIM KPUCT/UI OTHOCHUTCS K TETPAarOHAIBHOM CHHIO-
HUU, [IPOCTPAHCTBEHHAS IPyIIla CUMMeTpUU P4,/ mnm,
C mapamerpamu: a=7,596(2), c=8,027(3) A, V=463,1(2) A3,
Z=2, D,=2,957 r/cm? [4]. TIpu 3TOM, eClIH CTPYKTyp-
Hble JaHHBIe KPUCTa/lZIa B JIMTepaType Ipe/CTaB/IeHbl,
TO JOCTOBEPHBIX JAHHBIX II0 CIIEKTPAM ITPOITYCKAHHUS
B BUAUMON M Y®-001acTU A1l AAHHOTO KPHUCTA/UIA
He ITpeJICTaB/IeHoO.

[IppHMMasi BO BHHUMaHHE XMUMHUECKYI0 IIPHPOAY
KpHCTa/1a, Haubosiee IpUBJIeKaTe/IbHBIM CI10CO60M ero
IOJTydeHMsl [/IsI MCCIeIOBAaHUS CIIeKTpa MPOIlyCKaHUS
SIBJISIETCSI YIIPABIIIEMBIH POCT U3 HU3KOTEMIIEPATyPHOTO
BOJHOIO pacTBopa. TakuM o06pa3oMm, LieJbl0 AAHHOM
PaboThI SIB/ISIETCS OIIpefielieHHe OCHOBHBIX IIapaMeTpOB
Ipoliecca KpHUCT/UTHM3AlMK Kpuctauia Rb,CuCl, 2H,0
1 HCC/IeJoBaHHe ero OITHYecKOro CrieKTpa B BUAMMOL
1 YO-obmacTH.

MATEPUAJIbI U METOADbI

Jist uccnenoBaHusi $Ga3oBBIX PAaBHOBECHUM B JAHHOM
paboTe HCITI0/IB30BAIKCH X10pUT, pybraus (RbCl, Mapku
«ocu») u xnopupn Memu (II) muruzapat (CuCly,-2H,0,
Mapku «Y»). [lns monydeHus: Kpucrtania Rb,Cucl,-2H,0
KCIIONIb30Ba/IM Te >K€ PEeaKTUBBI [JIs CHUHTe3a II0JIH-
KPUCTA/UIMYeCKOT0 COefUHEeHUS C IMOocaefyomei
[epeKpPUCTA/UIM 3L e .

H3ydeHne $a30BbIX PaBHOBECHH ITPOBOIKJIKM MeETO-
JIOM OJHOBPEMEHHBIX IIapaJl/Ie/IbHbIX MHKPOKPHCTAI-
JMH3alME IIpHU TeMIepaTypax 25,0; 30,0; 40,0; 50,0.
JlaHHOe HCCIelOBaHHUE IIPOBOAMIM B CIIELIMAJIBHOM
nabopaTopHOM TepMoOCTaTe-IIelKepe C ITOABHKHBIM
KaCCeTHBIM JepsKaTesieM cocymoB (st obecriedeHus
[lepeMelINBaHMs B TEpMOCTATHPyeMBbIX COCYAX) U I1PO-
rpammupyeMbeim ITH/I-peryasiTopoM TeMIlepaTyphl.
TOTOBU/IM CePHIO0 MAaTOYHBIX PACTBOPOB B OAHMHAKOBBIX
repMeTHYHBIX COCY[ax C IlepeMeHHbIM COOTHOLIeHHeM
HUCXOAHBIX CYXMX KOMIIOHEHTOB M MHHHMAJIbHBIM

Syl 4

An applicable ligand suitable for this purpose is the
chloride ion (Cl). This ligand, similar to water and
sulfate anion, belongs to the group of soft ligands,
i.e. it does not change the symmetry of the coordi-
nation environment of copper atoms in the crystal
structure. Thus, during the formation of complex
octahedra in the crystal structures of copper chloride,
chlorine enters into a competitive interaction with
water to generate octahedra with the mixed ligand
composition.

Due to the given features of the inner coordina-
tion environment in the copper chloride crystals,
the crystal of rubidium-copper dichloride dihydrate
Rb,CuCl,-2H,0 provokes some interest. This crystal
belongs to the tetragonal crystal system, space group
of symmetry: P4,/mnm, with the following param-
eters: a = 7.596(2), c=8.0273) A, V=463.1Q2) A}, Z=2,
D,=2.957 g/cm? [4]. Moreover, if the structural crystal
data are presented in the literature, then the reliable
data relating to the transmission spectra in the visible
and UV regions for this crystal are not provided.

Having considered the chemical nature of the crys-
tal, the most efficient way for its generation for
studying the transmission spectrum is the controlled
growth using a low-temperature aqueous solution.
Thus, the purpose of this paper is to determine the
main parameters of Rb,CuCl,-2H,0 crystallization pro-
cess and to examine its optical spectrum in the visible
and UV regions.

MATERIALS AND METHODS

In order to study the phase equilibria, in this paper we
used rubidium chloride (RbCl, ultra high purity) and
copper (II) chloride dihydrate (CuCl,-2H,0, pure). To
obtain the Rb,CuCl,-2H,0 crystal, the same reagents
were used for the polycrystalline compound synthesis,
followed by the subsequent recrystallization.

The phase equilibria studies were performed by
the simultaneous parallel microcrystallizations at the
temperatures of 25.0, 30.0, 40.0, 50.0 °C. This exami-
nation was carried out in a special laboratory shaking
thermostat with a movable vessel ejection rack (for
mixing in the temperature-controlled vessels) and
a programmable temperature PID controller. A series
of mother liquors were prepared in the idential sealed
vessels (crystallizers) with a variable ratio of initial
dry components and a minimum amount of distilled
water (5 ml). The solubility of weighed components
was then determined by repeated addition of water in
small portions (1-5 ml/day) until the saturated solu-
tions were obtained with a minimum sediment con-
tent at the crystallizer bottom. After determining the
solubility, the mother liquors were additionally kept
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KOJTMYeCTBOM I CTHIMPOBAHHOM BoAbI (5 MJI). 3aTeM
IIPOBOJM/IM OIIpefie/ieHHe PacTBOPMMOCTH HaBeCOK
KOMIIOHEHTOB I10CPeICTBOM II0BTOpSIIOIIerocs nobasre-
HUSI BOABI MIBIMU IOPLKSIMH (1-5 MJI/CyT.) 0 TIOTy4e-
HHS HaCBIIeHHBIX PACTBOPOB C MUHHUMAJIbHBIM COZep-
JKaHHeM ocajKka Ha AHe cocyza. Ilocie ompezeneHus
PaCTBOPUMOCTH MAaTOYHBbIE PACTBOPHI LOIIOJHUTE/IBHO
BBIIEP)KUBAJIM B TeYeHHe JBYX CYTOK IIPH YCTaHOBJIEH-
HOM TeMIlepaType. Takasi BeIIepskKa HeobXomuMa st
YCTaHOBJIEHHMSI B KPHCTA/UIM3aTOpPe AHHAMHYECKOIO
Me>K(pA3HOro paBHOBECHS MEXKIY HaCBILIEHHBIM pac-
TBOPOM M 0CaKOM. IToc/te yKa3aHHOM BBILEPSKKH TeM-
I1epaTypy KPUCTA/IM3aTOPOB CHIKAJIH 110 OLMHAKOBOL
nporpaMMme Ha 5 °C OT HepBOHAYaJIBHOIO 3Ha4YeHUd,
IIPH KOTOPOM OIIpeJe/siii PacTBOPHUMOCTh, B Teue-
HHe HeCKOJTBKUX CyTOK. O6pa3oBaBLIMeCs IIPH TaKOM
IIOXO/le KPUCTAJIIBI UMeIH pasMephl 3-7 MM M JIeTKO
JeKaHTHPOBAJIKCh OT MAaTOYHOI'O pacTBOpa.

[TonyyeHHBIe TAKUM 00pa3oM KPHUCTAJLIBL HUCIIONb30-
BaJIM J1J14 OIIpezie/ieHHs $pa30BOro COCTaBa PAaBHOBECHBIX
C MaTOYHBIM PacTBOPOM TBePABIX pa3 METOLOM IT0pPOII-
KOBOI'O PeHTreHO(pa30BOro aHa/IK3a.

PentreHodas3oBeili aHanu3 (POA) PpPasMonoThIX
B IIOPOIIOK MOHOKPHCTA/UIMYECKHX 0OpasLiOB BBIIIOJN-
HeH IpH KOMHAaTHOM TeMIlepaType Ha peHTIeHOB-
ckoM pudpakToMeTpe Rigaku Miniflex 600 (SImoHus)
(n3nyueHue Cu 6e3 GUIBTPA, HEIPEPHIBHBIN PeKUM
CheMKH - 1 rpafg/MuH, BeIMUYMHA 1mara 0,02° B uHTep-
BaJle yI7IOB 20 5-65°, 6e3 BpammeHus 0b6pasla 1 B aTMOC-
bepe oKpysKarolIe Cpemsl).

POCT MOHOKPHUCTAIOB coenuHeHus Rb,CuCl,-2H,0
IIPOBOAM/IM K3 BOLHOTO PacTBOpa METOJOM IIPOTpaM-
MUPYEMOI0 CHISKeHHS TeMIIepaTyphl HACBHIIIEHHOIO
pacTBopa B COOTBETCTBHUM C YCTAaHOBIEHHOH TeMIIe-
PaTypHOM 3aBHCHMOCTBIO PACTBOPHMOCTH. B Kade-
CTBe 3aTPaBOYHOIO KPUCTa/lJIa HCIIONb30BAIK II0JIM-
POBAaHHBIK KPHUCTa/JJI, IIOJYyYeHHBIH Ha 3Talle
HCCTefioBaHUS Ga30BbIX PaBHOBeCHH B cucTeMe RbCl -
CuCl,-2H,0 - H,0, pasmepamu 2x3x5 mMm. IIporecc
IIPOBOMI/IN B CTEK/IIIHHOM KPUCT/IJIM3aTOpe Ha OTKPhI-
TOM HEMOJBIKHOM IJIAaTGopMe C peBEpPCHBHBIM IIepe-
MeIlIMBaHHEeM, KOHTPOJ/Ib TeMIIePaTyphl OCYIIECTBIISIN
C IIOMOIIIBIO ITporpaMMupyemoro ITHI-peryasTopa.

OnTvyeckye CIIeKTPhI IIPOIYCKAHHS HCCIeL0Balu
C IIOMOIIBIO criekTpopoToMeTpa Cary 300 B AuariasoHe
OauH BosiH 200-800 HM.

NMPOBEAEHUE SKCNEPUMEHTA

HccnenoBaHue $pa3oBBIX PaBHOBeCHH B cucTeMe RbCl -
CuCl, 2H,0 - H,0 mpoBogyIu BO BCeM HHTEpBaJIe COOT-
HomeHu# (RbC)):(CuCl,-2H,0) ¢ marom B 5 MOJIBHBIX
IIPOLIEHTOB IIpU TemmepaTypax 25, 30, 40 u 50 °C. Ilpu
BCeX TeMIIepaTypax B CHCTeMe BBISIBJIEHO TPHU BETBU
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for two days at the specified temperature. Such expo-
sure was necessary to strike the dynamic interphase
equilibrium between the saturated solution and sedi-
ment in the crystallizer. After such exposure, temper-
ature of the crystallizer tanks was reduced according
to the same procedure by 5°C from the initial value,
at which the solubility was determined, for several
days. The crystals generated by this approach had the
dimensions of 3-7 mm and were easily decanted from
the mother liquor.

The crystals thus obtained were used to determine
the phase composition of the solid phases being in
equilibrium with the mother liquor by the X-ray pow-
der diffraction method.

The X-ray diffraction analysis (XRD) of the pul-
verized single-crystalline samples was performed at
a room temperature using a Rigaku Miniflex 600 X-ray
diffractometer (Japan) (radiation of Cu with no filter,
continuous shooting mode - 1 degree/minute, step
value - 0.02° in the angle range of 26 5-65°, without
sample rotation and in the ambient atmosphere).

The single-crystal growth of Rb,CuCl,-2H,0 was
performed on the basis of an aqueous solution by
a scheduled temperature reduction of the saturated
solution in accordance with the established tempera-
ture dependence of the solubility. The polished crystal
obtained at the stage of phase equilibria examina-
tion in the RbCl - CuCl,-2H,0 - H,0 system with the
dimensions of 2x3x5 mm was used as a seed crystal.
The process was carried out in a glass crystallizer on an
open immovable platform with reverse stirring; the
temperature was monitored using a programmable
PID controller.

The optical transmission spectra were studied using
a Cary 300 spectrophotometer in the wavelength range
of 200-800 nm.

EXPERIMENT PERFORMANCE

The phase equilibria study in the RbCl - CuCl,-2H,0 -
H,0 system was performed in the entire range of ratios
(RbCD): (CuCl,-2H,0) with a step of 5 mole percent
at the temperatures of 25, 30, 40 and 50°C. Three
crystallization branches were found in the system at
all temperatures: the crystallization branches of the
initial components CuCl,-2H,0 and RbCl, and the
crystallization branch of rubidium-copper dichloride
(Rb,CuCl,-2H,0). The relevant X-ray diagrams are
shown in Fig. 1.

The solubility was increased with the rise of tem-
perature for all compounds of the studied system. The
solubility nature of double chloride in Rb,CuCl,-2H,0
was congruent. The study results of phase equilibria
at all temperatures are given in Table. Fig. 2 demon-
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KPUCTAIIM3ALHMU: BeTBH KPHUCTA/UIM3aLlMKU HCXOIHBIX
KoMmmoHeHTOB CuCl,-2H,0 u RbCl u BeTBp KpucTa-
JIM3AIUK [IBOMHOIO XJIOPHAA PyOHAMS-MenH COCTaBa
Rb,CuCl,-2H,0. CooTBeTCTByIOLIHE PeHTIeHOIPAMMBI
IIpe[CTaB/IeHbI Ha PUC. 1.

I Bcex COeOHHEeHUH HCCAeL0BAHHOM CHCTEeMEI
PaCTBOPHMOCTb IIOBBIIIAJIACh C POCTOM TeMIlepa-
TypBl. XapaKTep PacTBOPHMOCTH [ABOMHOIO XJIOpHIA
Rb,CuCl,-2H,0 KOHTIPYSHTHBIH. Pe3y/nbTaThl HCCIENO-
BaHHS (a30BBIX PaBHOBECHH IIPH BCeX TeMIIepaTypax
IIpefCTaB/ieHsl B Tabnuile. Ha puc2 mpuseneHa GpazoBast
JuarpamMmma CUCTeMBI ITpU TeMItepatypax 25 u 50 °C.

O61acTh KPUCTAUIM3ALIUKM  [BOMHOIO XJIOPHAA
Rb,CuCl,-2H,0 moBoMbHO LIMpOKA I10 COOTHOIIEHMUIO
RbCl: CuCl,-2H,0: ot 25:75 1o 80:20 B MOJBHBIX JOMSIX
Oe3 ydeTa pacTBOpUTessl. XapaKTep PacTBOPHMOCTHU
KOHTPY3HTHBIH.

TarcKke 10 pe3ynbTaTaM HCCIeNoBaHHS (a30BbIX paB-
HoBecui B cucteme RbCl - CuCl,-2H,0 - H,0 mpu pas-
JINYHBIX TeMIIepaTypaxX OIpefe/uId PacCTBOPUMOCTb

il 4

strates the equilibrium diagram of the system at the
temperatures of 25 and 50°C.

The crystallization region of double chloride in
Rb,CuCl,-2H,0 was quite wide in terms of the ratio
RbCl: CucCl, 2H,0: from 25:75 to 80:20 in molar frac-
tions without regard to the solvent. The solubility
nature was congruent.

Based on the study results of phase equilibria in
the RbCl - CuCl,-2H,0 - H,0 system at various tem-
peratures, the Rb,CuCl,-2H,0 solubility was also deter-
mined for a solution with a stoichiometric ratio of the
initial components. This temperature dependence is
shown in Fig. 3 and is described by the linear equation
CRb,cucl, 21,0= =21,42+0,1461t.

Using the obtained temperature dependence of the
solubility, a single crystal of Rb,CuCl,-2H,0 was grown
by the controlled temperature reduction method. The
growth was obtained in a temperature range of 38-25°C
using a 250 ml solution for 21 days. As a result of growth
under the indicated conditions, a crystal was obtained
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Fig. 1. Results of X-ray diffraction analysis of the compounds crystallizing in the RbCl = CuCl,-2H,0 - H,O system
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with the dimensions of 25x25x17
H,0 mm and a weight of 15 grams (see
Fig. 4).

The plates with the same thick-
ness (~3 mm) were cut out from the
resulting crystal in accordance with
the diagram given in Fig. 4. The

Eéf‘ abovementioned plates were used to
N,y study the optical transmission spec-
(y5cCUCL, - 2H,0 o & ‘ tra.and evaluaFe the anisotrgpy‘of
(050.CUCL 2H,0 (e \\ 0,5 ROC Egzli;ezlsegrgi%er;es on a qualitative
F ‘iggo WsocRECL It has been determined that in the
wavelength range of 200+800 nm
A the main bandwidth is located
in a rather wide range of values
EL, (375:625 nm). In this case, the trans-
mittance factor is dependent on the
crystallographic index of the facet.
The sample that has shown the max-
imum transmission value appar-
e e =l ently bglongs to the faget with in(jlex
(001), since this facet is perpendicu-
Puc. 2. ®azosas duazpamma cucmemsi RbCl - CuCl,-2H,0 - H,0 npu memnepa- lar to the main crystallographic axis
mypax 25 u 50 °C of the crystal that coincides with the
Fig. 2. Equilibrium diagram of the RbCl - CuCl,-2H,0 - H,O system at the tem- optical axis. Accordingly, a sample
peratures of 25 and 50°C with the lower transmission value
belongs to the {101} facet group.
coemuHenust Rb,CuCl,-2H,0 a1 pacTBopa co cTexrHoMme-
TPHUYECKUM COOTHOIIEHHEM HCXOJHBIX KOMIIOHEHTOB.
JlaHHasT TeMIlepaTypHasi 3aBUCHMOCTb IIpe/ICTaB/IeHa 200
Ha PHC. 3 U OMUCHIBAETCS TUHEHHBIM ypaBHeHHeM Crp, L N
cucl,21,0=21,42+0,1461t. 28,5 -
C uCronb30BaHHEM IIOTY4eHHOH TeMIlepaTypHOH 28,0 -
3aBHCHMOCTH PAaCTBOPUMOCTH MeTO[OM YIIPaB/IsIeMOro .
CHIDKEHMsI TeMIIepaTyphl BBIPACTH/IM MOHOKPHCTALT | L K
Rb,CuCl,-2H,0. PoCT oCymecTBIsUIM B TeMIlepaTyp- | ¢ 27,0
HOM HHTepBaJle 38-25 °C u3 pactBopa obbemoMm 250 M1 ! 26,5
B TeyeHHe 21 cyToK. B pesynbraTe pocTa IpPU yKasaH- J 6.0
HBIX YCJIOBHSX OBLI IIOJy4eH KPUCTALI C pa3MepamU L 5
25x25%17 MM 1 Maccoit 15 rpamm (puc. 4). 25,51
M3 moymy4eHHOro KpHCTa/Ula ObUIM BBIpe3aHBI ILIa- 250F &
CTHHBI OJHUHAKOBOM TONIIMHBI ~3 MM B COOTBETCTBHU gl L \ ‘
CO CXeMOH Ha PHUC. 4. YIIOMSIHYTbIe IIACTHHBI HCIIONb- 25 30 35 40 45 50
30BaJIM J/IS1 UCC/IIOBAHUS OITHYECKUX CIIEKTPOB ITPO- t,°C
IIyCKaHUSI W KadeCTBEeHHOM OLIEHKH AaHHU30TPOIIHH
OIITHUYeCKUX CBOMCTB (pHUC. 5).
YCTaHOB/IEHO, 4YTO B HHTepBaje JIMH BOJIH Puc. 3. TemnepamypHas 3agucumocmp pacmsopumocmu
200-800 HM OCHOBHAasl I10JI0CA IIPOIIYCKAHHS JIESKUT Rb,CuCl,-2H,0 & 600e
B JIOBOJIBHO LIMPOKOK 0B/IACTH 3HAYeHME 375-625 HM. | Fig. 3. Temperature dependence of Rb,CuCl, - 2H,0 solubility
IIpx 3TOM BBISIB/IEHA 3aBUCUMOCTb KO3QOUIIMEHTA IIPO- |  jpy water
ITYCKAHMS OT KPUCTA/UIOrPadriecKkoro MHAEKCa TPaHH.
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Obpaser;, IIOKa3aBIIMH MaKCH-
MaJIBHOE 3Ha4yeHHe ITPOITyCKaHHS,
I10-BUJHMOMY, OTHOCHUTCS K I'PaHU
¢ uHgexkcom (001), T.K. maHHasg
IPaHb INepIeHAUKYISIPHA IIABHON
KPUCTALIOrpadryueckod OCH KpHU-
CTaJ1a, KOTOpasi COBIIAZIAET C OITH-
yeckOH 0chio. COOTBETCTBEHHO
obpasel; ¢ MeHBIIMM 3Ha4YeHHEM
ITPOITYCKAHUS OTHOCHUTCS K CeMeH-

CTBY I'paHeH {101}.

OBCY)XXAEHWE

PE3YJIbTATOB M BbIBO/Abl Puc. 4. Moay4enHbill kpucmana Rb,CuCl,-2H,O u cxema 02paHku Kpucmania
Hccnenosanue QasoobpasoBanus € 0mobpaxkeHuemM 4acmu Kpucmanaa, «<omce4eHHol» naameopmol. [TokaszaHo

B cucreme RbCl - Cucl,2H,0 - H,0 NoA0KeHUEe 3aMpasKu U CXeMd 8bIpe3aHUs 31eMeHMo8 dAs U3MepeHUs 0nMuYecKux
BBISIBUJIO LIMPOKYI0 KOHIIEHTPa- cnekmpos

LIMOHHYI 06/1aCTh KPUCTA/IM3a- Fig. 4. The resulting Rb,CuCl, -2H,O crystal and the crystal faceting scheme

uuu coepuHenus Rb,CucCl,-2H,0 demonstrating the crystal part “cut off” by the platform. The seed position and the
M KOHTPYSHTHBIH XapaKTep ero element cut-up sketch for optical spectra measurement are shown

PaCTBOpPHMOCTH. BrisiBieHHas

TeMIlepaTypHas 3aBHCHMMOCTb pac-

TBOPHMMOCTH JOBOJIBHO CyliecTBeHHa: 0,22% macc/rpa- || DISCUSSION AND CONCLUSIONS
IyC, 4TO MOXKeT ObITh SKBHBAJIEHTHO IpupocTy Kpu- || The study of phase formation in the RbCl - CuCl,-2H,0 -

ctasiia Ha 0,35 r 13 100 M pacTBOpa MPU CHUKEHUHU H,0 system has revealed a wide concentration range
TeMmIiepatypsl Ha 1 °C. of Rb,CuCl,-2H,0 crystallization and the congruent
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KOHIPYSHTHBIM XapaKTep PacTBOPUMOCTH O3Ha-
yaeT, 4To coeguHeHue Rb,CucCl,-2H,0 MoskHO mepe-
KPUCTAIM30BaTh Hacyxo 6e3 moTepu ¢a3oBoro
COCTaBa, YTO OYEHb YAOOHO IIPU YHCTKE PeaKTHBA
MeTOZOM JpoOHON KpHUCTANIM3ALMUU. Ilepedrc-
NeHHble O0CODEHHOCTH II03BOJSIOT IONYy4aTb KpH-
cramnsl Rb,CuCl,-2H,0 CpaBHUTEIBHO IIPOCTHIM
MeTOAOM CHM)KeHHsI TeMIIepaTyphl HAaCHIILeHHOIO
pactBopa.

Kpucrann Rb,CuCl,-2H,0 sBnsieTCsT TeTParoHaib-
HBIM OIITHMYEeCKH OJHOOCHBIM, YTO II03BOJISIET CPaB-
HUTEJbHO JIeTKO IIPOM3BOAUTL €ro OpHeHTHPOBa-
HHe [js IIOJIyYeHHSI M3 Hero 30HHBIX (QUIBTPOB
C IIOJIOCOM IIPOIyCKaHUsS 375-625 HM 6e3 sdpdexTa
IBYJIyYeIlpeIOM/IeHH S .

B cpaBHeHMHM C HM3Y4YeHHBIM  KPHUCTaI-
aom CuSO,-5H,0 monoca TIIpomyCKaHHUs [Jid
Rb,CuCl,-2H,0 cMemeHa B [JIHMHHOBOJHOBYIO
obiacty (280-570 HM mig cynbdpaTta U 375-625 HM
IUISL XJIOpUAA). DTO 00YC/IOBIEHO B IIEPBYIO Ouepemb
pasHHIEeHN B 6IMKHEM KOOPAMHAIIMOHHOM OKpYKe-
HHUHM aTOMOB MeAH B CTPYKTypax 3THX KPHUCTAJLIOB.
B cynpdpaTe Menu, KakK yKe YIIOMHHAIOCh, OKTad-
OpUYecKoe OKpykKeHHe MeAu 00pa3oBaHO IIECTHIO
KHC/IOPOJAMH OT OBYX Cy/l1bpaT-aHHUOHOB U YeThIpex
MoJIeKy1 Bombl. B xpucramie Rb,CuCl,-2H,0 koop-
OUHALIMOHHOE OKPY>KeHHe aTOMOB MeJu 06pa3oBaHO
YeTBIPbMSI aTOMaMM XjI0pa H OBYMS KHUCIOPOJAMHU
MOJIEKYJl BOJBI. YUYMTBIBASL, UYTO IO CHUJjIe paclie-
IUIEHUS B OKTa3APHYeCKOM II0Jie CyJbPaT-aHHOH
1 XJIOp-aHHOH cs1abee BOIbI, TO 0bIlee yMeHbLIIEHHUE
KOJIMYecTBa IOoCAefHelH B KOOPAWHAIIMOHHOM OKpPY-
SKeHUM MeAH IIPUBOAUT K CMEIeHHIO I0JIOCHL IIPO-
IIyCKaHUS B JJINHHOBOJHOBYIO 00/1aCThb.

YuuTeiBasi ocobeHHOCTH CTPYKTyprl Rb,CucCl,-2H,0,
ero pocta (OTHOCUTeJbHOK IIPOCTOTEl IIOTYYeHHS)
U ONTHYEeCKHX CBOMCTB HNAHHBIM KPHUCTAII MOKET
OBITH II€PCIIEKTHUBHBIM C TOYKH 3pEHHsS IMpPaKTHYe-
CKOTO MpPHUMEHEeHHS B KayeCTBe ONTHYeCKOrO0 30H-
Horo QuIbTpa. B KadecTBe MoOJeNIBHOTO 0OBEKTA
OAHHBIM KPHUCTA/UI MOXKeT OBITH II0JIe3eH IIPU H3Y-
YeHHH BJIHUSIHHUS HM30MOPOHOIO U H30BAJIEHTHOIO
3aMellleHHs C OPYTUMHU IIepexXOoJHBIMU MeTajl/laMU
Ha peajbHYI0 CTPYKTYypPy MU ONTHYeCKHe CBOMCTBA
KpUCTaJL/Ia.

BNATrOAAPHOCTU

Pabora BHIIIONHEHA IpH IOAAep>KKe MHUHHCTEPCTBA
HayKU M BbICIIEro 06pa3oBaHUSI B paMKaX BBIIIOJIHE-
HUsl paboT II0 rocymapcTBeHHOMY 3amaHuio OHUI]
«Kpucramnorpaduss u ¢doroHuka» PAH. B pabore
HCII0JIb30BaHO O60py,E[OBaHI/Ie LKIT ®HUII «Kpucrat-
norpadus u oroHrKa» PAH.
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nature of its solubility. The established temperature
dependence of solubility is quite significant: 0.22%
weight/degree that can be equivalent to the crystal
growth by 0.35 g using a 100 ml solution with
a temperature decrease by 1 °C.

The congruent nature of solubility means that
Rb,CuCl,-2H,0 can be recrystallized to dry state
without phase composition losses that is very con-
venient when purifying the reagent by fractional
crystallization. The given features make it possible to
obtain the Rb,CuCl,-2H,0O crystals using a relatively
simple method of a saturated solution temperature
decrease.

The Rb,CucCl,-2H,0O crystal is tetragonal and opti-
cally uniaxial that makes it relatively easy to orient
it to obtain the band filters with a bandwidth of 375-
625 nm without any birefringent effect.

In comparison with the studied CuSO,5H,0 crystal,
the transmission band for Rb,CuCl,-2H,0 is shifted to
the long wavelength region (280-570 nm for sulfate
and 375+625 nm for chloride). This is primarily due to
the difference in the inner coordination environment
of copper atoms in the structures of such crystals. As
it has been already mentioned, the octahedral envi-
ronment of copper in copper sulfate is formed by six
oxygens from two sulfate anions and four water mol-
ecules. In the Rb,CuCl, 2H,0 crystal, the coordination
environment of copper atoms is generated by four

45
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40 |-
35 1
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30 {101}
25 -
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Puc. 5. Cnekmpbl nponyckanust 06pasu,o8 Kpucmanaa
Rb,CuCl,-2H,0 no kpucmanozpa@u4eckum HanpasreHusim
Fig. 5. Transmission spectra of the Rb,CuCl,-2H,0O crystal
samples in the crystallographic directions
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chlorine atoms and two oxygens of water molecules.
Having considered that the sulfate anion and chlorine
anion are weaker than water in terms of the fission
strength in the octahedral field, the overall decrease
in the water amount in the copper coordination envi-
ronment leads to the transmission band shifting to
the long wavelength region.

With due regard to the structural features of
Rb,CuCl,-2H,0, its growth (relative ease of prepara-
tion), and optical properties, this crystal can be prom-
ising in terms of its practical application as an optical
band filter. This crystal can be useful as a model site
in studying the impact of isomorphous and isova-
lent replacement with other transition metals on the
actual crystal structure and optical properties.
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Ta6auua. CoctaBbl pacTBOPOB M paBHOBECHbLIX ¢a3 B cncteme RbCl — CuCl,-2H,0 — H,O npu pasnnyHbIx TeMnepaTypax
Table 1. Compositions of solutions and equilibrium phases in the RbCl — CuCl,-2H,0 — H,O system at various

temperatures.

Ne RbCl,  CuCl,-2H,0,  H,0, RbCl,  CuCl,-2H,0,  H,0, Rbdl,
Kp-umu % macc % Macc %Macc % macc % Macc %Macc = % Mmacc

CuCl,-2H,0,  H,0, RbCl,  CuCl,-2H,0,  H,0,
% Macc %Macc % macc % Macc % Macc

PaBHoBecHas
TBepaas gasa

No. RbCl,  CuCl,-2H,0,  H,0,  Rbcl, CuCl,-2H,0, H,0, RbC, CuCh-2H,0, H,0,  RbC, | CuCl,-2H,0, H,0, | Equilibrium solid
%by | %byweight % by %by | %byweight % by %by | %byweight % by %by | %Dbyweight ) phase
weight weight = weight weight | weight weight = weight weight
50°C 40°C 30°C 25°C
1 0 55,36 44,64 0 53,49 46,51 0 52,98 47,02 0 52,83 4717 CuCl, 2H,0
2 2,09 55,90 42,02 2,02 54,12 43,86 1,67 54,21 4412 1,66 53,70 44,65
3 4,47 56,77 38,76 4,43 56,2 39,37 3,64 56,0 40,35 3,58 54,98 41,44
4 6,22 49,72 44,05 6,09 48,66 45,25 4,89 473 47,81 4,87 47,09 48,04  E;:Cucl, 2H,0+
Rb,CuCl, - 2H,0
5 8,49 47,85 43,67 8,06 45,43 46,51 6,4 43,71 49,89 6,38 43,54 50,09 | Rb,Cudl,-2H,0
6 10,31 43,61 46,08 9,61 40,64 49,75 7,86 40,27 51,87 781 39,99 52,21
7 11,23 36,95 51,81 | 1073 35,30 53,97 8,64 34,48 56,94 8,54 34,03 5743
8 12,94 33,87 5319 | 12,22 32,0 55,77 9,9 31,38 58,73 9,76 30,96 59,28
9 14,94 31,59 53,48 | 1376 291 5714 1117 28,61 60,21 | 10,91 27,95 61,14
10 16,66 28,7 54,64 1525 26,27 5848 1241 25,89 61,71 11,98 25,0 63,02
11 17,78 25,07 5714 18,05 25,45 56,5 13,68 23,36 62,95 | 13.2 22,54 64,26
12 19,90 22,96 5714 1812 20,9 6098 = 1517 21,18 63,65 14,61 20,41 64,98
13 21,58 20,28 5814 | 19,92 18,73 61,35 = 16,82 19,15 64,03 | 16,04 18,26 65,7
14 23,01 1747 59,52 2281 1731 59,88 18,63 1713 6424 1795 16,5 65,55
15 25,45 15,38 59,17 = 23,86 14,41 61,73 | 20,6 15,08 6432 | 1979 14,48 65,72
16 27,54 12,94 59,52 26,29 12,36 61,35 22,79 12,97 64,24 22,02 12,53 65,45
17 30,19 10,64 59,17 28,85 10,17 60,98 | 2541 10,85 63,74 | 24,55 10,48 64,98 | E,:Rb,CuCl,- 2H,0+
RbCI
18 33,25 8,27 58,48 | 3184 792 60,24 28,64 8,63 62,73 27,89 8,40 63,71  RbCI
19 36,19 5,67 58,14 | 359 5,62 5848 | 32,53 6,17 61,3 31,85 6,04 62,11
20 43,31 3,21 53,48 41,66 3,09 5525 40,03 3,6 56,37 | 39,54 3,55 56,91
21 0 55,36 44,64 0 53,49 46,51 0 52,98 47,02 0 52,83 4717
Tumakos VBaH CepreeBiny, MHXeHep-1ccnesoBaTenb, 1abopatopus NpoLeccos AUTHORS
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I VISION2GO / ONTUYECKWE CMEKTPOMETPbI

Mopaenb VIS-ER NIR NIR-ELW UV-HR FF75
[lmanasoH, HM 200-1100 950-1600 950-2500 200-400 300-950
Paspewenune, Hm | 1 3 3,3 0,4 1,5
Pasmepbl, MM 110x62x43 104x87x37 170x62x60 94x87x35 120%x90x42
Bec, r 430 340 1200 340 300
WUnTepodeiic USB, BNC, SMA905 USB, SMA905
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NCTOYHMKM BonokoHHble MCTOYHMK NnMHenYaToro [MpoToYHbIE JInH3oBbIe 9TaNoHbI
cBeTa Kabenu 1 XryTbl crnekTpa KIOBETbI Hacajku OTpaxeHus
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[anbHOCTb = 5 KM
ToyHocTb — T M
YacTtota - 514
Pasmepbl — 113x65x43

[anbHoCTb = 5 KM
ToyHoCTb - 1M
YacTtota - 51
Pasmepbl - 113x65x43

Bec-250Tr Bec-250r
HanpsxeHue - CuHyconpanbHas | OgHOKpaTHbIA | MHOroKpaTHblii
e yops WUuTepdeiic KnumaTtuka BHGpaLHS yaap yaap
12-28 B RS-485 -50...50 °C 5-180 Iy, 100 g 5 MC 15g15Mmc

[nuHa BonHbl = 1064 HM

IHeprua umnynbca - 50 mIx
[nutenbHOCTb UMNynbca - 15 HC
Pacxogumoctsb - 0,3 Mpag

YactoTa umnynbcos - 30 'y

LLiar Bbibopa yacToTbl - 0,01 Iy
HectabunbHocTb umMnynbea - 0,5 MK
Pasmepbl — 200x200x100 MM

I LIE/IEYKASATE/b

Bec - 2 kr
Hanpsxenue - CuHyconpanbHas | OgHOKpaTHbIA | MHOroKpaTHblii
MHTAHIE WUuTepdeiic Knumatuka BHGpaLys yaap yaap

24-28 B RS-485 -50...50 °C 5-180 'y 100 g 5mc 15915 mc




