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Abstract: We determined for the first time the crystal structures of high-pressure K-cymrite 16 
(KAlSi3O8·H2O) and its dehydrated form kokchetavite (KAlSi3O8) using single crystal X-ray 17 
diffraction. The structure of K-cymrite has been successfully refined in the hexagonal space 18 
group (P6/mmm, a = 5.3361(3) Å, c = 7.7081(7) Å, V = 190.08(3) Å3, R1 = 0.036 for 127 unique 19 
observed reflections) and it is in complete agreement with previous powder X-ray diffraction 20 
models. In contrast, kokchetavite shows superstructural reflections, suggesting new values of 21 
unit cell and space group P6/mcc (a = 10.5757(3) Å, c = 15.6404 (6) Å, V = 1514.94(10) Å3, R1 22 
= 0.068 for 1455 unique observed reflections). During dehydration, single-crystal grains of K-23 
cymrite transform into single-crystal grains of kokchetavite. The latter questions a previous 24 
interpretation of kokchetavite crystals in mineral inclusions as a product of direct crystallization 25 
from fluid/melt. The Raman spectrum of K-cymrite shows a strong polarization dependence, 26 
which is important in the identification of the mineral inclusions. 27 
 28 
Keywords: K-cymrite, kokchetavite, single-crystal X-ray diffraction, Raman spectroscopy 29 
 30 

Introduction 31 
 32 
Seki and Kennedy (Seki and Kennedy 1964) showed that, at pressure above 2-3 GPa and 33 
temperature between 300-800°С, potassium feldspar reacts with water and forms a high-pressure 34 
hydrated phase (KAlSi3O8 + H2O → KAlSi3O8·H2O). The structure of the latter was originally 35 
thought to be hexagonal, due to the similarity of its X-ray powder diffraction pattern and 36 
stoichiometry with those of cymrite (IMA-1949; ВaAl2Si2O8·H2O; Smith et al. 1949; Runnells 37 
1964). The KAlSi3O8·H2O was also obtained by Huang and Wyllie (Huang and Wyllie 1975) 38 
while studying melting reactions in the system NaAlSi3O8-KAlSi3O8-SiO2 at 3.5 GPa and 695°C 39 
with an excess of water, and was referred as ‘sanidine hydrate’. In further works conducted by 40 
Schreyer and Massone (Schreyer 1987; Massone 1992) this phase was referred as ‘K-cymrite’ – 41 
the most used name since then. K-cymrite was also obtained as a product of  muscovite 42 
decomposition at 800°С between 1.8 and 3.7 GPa with co-formation of KAlSi3O8-sanidine, 43 
Al2O3-corundum, and H2O (Faust and Knittle 1994). Later Fasshauer et al. (Fasshauer et al. 44 
1997) carried out a Rietveld refinement of K-cymrite structure using hexagonal ВaAl2Si2O8·H2O 45 
cymrite model with P6/mmm space group. More recently, Thompson et al. (Thompson et al. 46 
1998) obtained a dehydrated form of K-cymrite, originally referred as ‘hexasanidine’. 47 
 48 
K-cymrite and ‘hexasanidine’ were identified as mineral inclusions in ultrahigh-pressure rocks 49 
from the Kokchetav complex (Mikhno et al. 2013; Hwang et al. 2004); ‘hexasanidine’ was then 50 
approved as kokchetavite mineral (IMA-2004-011). In the absence of single-crystal X-ray 51 
diffraction data, the P6/mmm space group was proposed for kokchetavite (Thompson et al. 1998; 52 
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Hwang et al. 2004), again by analogy with the hexagonal model of ВaAl2Si2O8·H2O cymrite 53 
structure. Interestingly, Bolotina et al. showed from single-crystal X-ray diffraction data that the 54 
structure of ВaAl2Si2O8·H2O cymrite, used as the model for K-cymrite and kokchetavite 55 
structures, is actually monoclinic pseudoorthorhombic (Drits and Kashaev 1968; Bolotina et al. 56 
1991, 2010).  57 
 58 
However, current structural models of K-cymrite and kokchetavite are still based on the obsolete 59 
hexagonal ВaAl2Si2O8·H2O cymrite model, being verified only by powder X-ray diffraction and 60 
TEM. Here we present the first ab initio solution of K-cymrite and kokchetavite crystal 61 
structures from single-crystal X-ray diffraction data and solve the ambiguity of their actual 62 
symmetry. 63 
 64 

Experimental 65 
 66 
Synthesis 67 
K-cymrite (KAlSi3O8·H2O) 68 
 69 
A charge of KAlSi3O8 glass-ceramics was obtained by solid state synthesis from K2CO3, Al2O3, 70 
and SiO2. The reagents were weighted in stoichiometric proportions and then pressed into 71 
pellets. The obtained pellets were annealed at 1100°C for one day and then cooled by switching 72 
off the furnace. 73 
 74 
Experiments at 6.3 GPa and 1000°C (duration of 150 hours) were carried out in a split-sphere 75 
multi-anvil high-pressure apparatus (Palyanov et al. 2010). The size of pressure cells was 76 
21.121.125.4 mm; the graphite heaters in the high pressure runs had an inner diameter of 12 77 
mm and a height of 18.5 mm. Pressure was calibrated by recording the change in the resistance 78 
of Bi at 2.55 GPa and PbSe at 4.0 and 6.8 GPa at room temperature and at 1350C by bracketing 79 
the graphite-diamond equilibrium in the Ni0.7-Fe0.3-C system. Temperature was monitored in 80 
each experiment with a PtRh6/PtRh30 thermocouple calibrated at 6.3 GPa using the melting 81 
points of Al and Ag (Sokol et al. 2015). Pressure and temperature were measured to an accuracy 82 
of 0.1 GPa and 20C, respectively (Palyanov et al. 2010; Sokol et al. 2015). The samples of 83 
KAlSi3O8 glass-ceramics and liquid water in stoichiometric proportion were placed in Pt 84 
capsules with a 2 mm outer diameter and a wall thickness of 0.2 mm and then were arc-welded 85 
using a Lampert Werktechnik GmbH PUK-4U impulse micro welding. As a result, crystals of K-86 
cymrite approximately 30-70 μm in diameter were obtained (Fig. 1). 87 
 88 
 89 
 90 
Kokchetavite KAlSi3O8 91 
 92 
Kokchetavite was synthesized by the dehydration of K-cymrite using Mettler TA3000 equipment 93 
by heating up to 750°C with heating rate 10°C/min. Total weight loss was 6.9 wt%, which 94 
slightly exceeds the weight percentage of H2O equivalent to one H2O molecule per formula unit 95 
(6.07 wt%). The latter may be explained by a low accuracy of the measurement due to small 96 
mass of the sample and the presence of absorbed water. The maximum water loss occurs at a 97 
temperature close to 500°C (Fig. 2), which is consistent with the data of Thompson et al. 98 
(Thompson et al. 1998). Interestingly, polarized light microscopy and X-ray diffraction (see 99 
below) showed that K-cymrite retain single-crystalline state upon transformation to kokchetavite, 100 
suggesting a high permeability of the crystal structure for water molecules. 101 
 102 

 103 
Chemical analysis 104 
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 105 
The composition of obtained K-cymrite was investigated using a MIRA 3 LMU scanning 106 
electron microscope (Tescan Orsay Holding, 20 kV accelerating voltage and 1.5 nA beam 107 
current) coupled with an INCA 450 energy-dispersive X-ray microanalysis system equipped with 108 
a liquid nitrogen-free large area EDS X-Max-80 Silicon Drift Detector (Oxford Instruments 109 
Nanoanalysis Ltd) at IGM SB RAS. 110 
 111 
The average of 33 analyses of 8 grains of the K-cymrite is: SiO2 61(1.3) wt.%, Al2O3 17.1(5) 112 
wt.%, K2O 15.3(3) wt.% (sum 93.59% wt.%). After normalizing to eight oxygens, we obtained 113 
the following formula: K0.96(2)Al1.01(1)Si3.01(1)O8·H2O. We did not observe any variations of 114 
chemical composition between different grains and inhomogeneities across a grain exceeding the 115 
measurement error. 116 
Single-crystal X-ray diffraction 117 
 118 
K-cymrite (KAlSi3O8·H2O) 119 
 120 
A 0.07×0.05×0.03 mm3 crystal of K-cymrite was selected for X-ray diffraction measurements 121 
using polarizing microscope (no evidence of twinning was observed). The measurements were 122 
performed on an Oxford Diffraction Gemini Ultra R diffractometer with a CCD detector (MoKα 123 
radiation, λ = 0.71073 Å, graphite monochromator, ω scan, scan step 1°, exposure 60 s per 124 
frame). The X-ray diffraction data set was processed with the CrysAlisPro software; the structure 125 
was solved by a direct method and refined using the SHELXL program package (Hübschle et al. 126 
2011; Sheldrick 2015); a missing symmetry was checked using the PSEUDO tool of Bilbao 127 
Crystallographic Server (Capillas et al. 2011). The details of data collection and refinement, as 128 
well as refined positional parameters, are listed in Tables 1 and 2, respectively (see also a 129 
supplementary CIF). Crystal structure drawings were prepared using the VESTA software 130 
(Momma and Izumi 2011). 131 
 132 
Kokchetavite (KAlSi3O8) 133 
 134 
Kokchetavite single crystals obtained by dehydration of K-cymrite were also studied by single-135 
crystal X-ray diffraction. However, the quality of crystals deteriorated after dehydration, which 136 
did not allow us to collect satisfactory data using a laboratory diffractometer. The crystal 137 
selection and diffraction data collection were therefore performed at P02.2 beamline of 138 
Deutsches Elektronen-Synchrotron (DESY). X-ray diffraction measurements were performed at 139 
a wavelength of 0.2897 Å (42.7 keV) with a beam size of 8×3 μm (Liermann et al. 2015). 140 
Diffraction patterns were collected using the fast area detector XRD 1621 (PerkinElmer) during 141 
±30° rotation of the 0.04×0.03×0.02 mm3 crystal (ω scan, scan step 0.5°, exposure 1 s per 142 
frame). The patterns were then transferred into the CrysAlisPro software using the ESPERANTO 143 
protocol (Rothkirch et al. 2013) for indexing and integration. All subsequent procedures to solve 144 
and refine the structure were carried out in the same way as for K-cymrite. Atomic scattering 145 
factors and photoabsorption coefficients were given from the NIST Standard Reference Database 146 
66 (Chantler 1995) for an energy of 41.8 keV. Details of the data collection and refinement, as 147 
well as the positional parameters are listed in Tables 1 and 2, respectively (see also a 148 
supplementary CIF). 149 
 150 
 151 
Raman spectroscopy  152 
 153 
Raman measurements of K-cymrite (KAlSi3O8·H2O) and kokchetavite (KAlSi3O8) were 154 
performed using a Horiba Jobin Yvon LabRAM HR800 Raman spectrometer with a 532-nm 155 
solid state laser. Spectra were recorded at ambient conditions in backscattering geometry with a 156 
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laser power of about 1 mW and a spectral resolution of approximately 2 cm–1 (Fig. 3). The 157 
obtained Raman spectra of the samples correspond to K-cymrite and kokchetavite (Kanzaki et al. 158 
2012). No other phases were detected except for coesite as micro-inclusions. 159 
 160 
K-cymrite has a distinct cleavage perpendicular to the c axis (see Fig. 3), so Raman spectra can 161 
be easily measured at different orientations of sample. We measured a polarization dependence 162 
of 833 cm–1 and OH-region bands intensities (Fig. 3) in the following orientations (Porto’s 163 
notation): 164 

–Z(XX)Z 165 
–X(ZZ)X 166 
–X(YY)X 167 

 168 
 169 
According to the Raman selection rules for the point group 6/mmm, A1g mode is allowed in all 170 
orientations, while E2g modes only in the orientations –Z(XX)Z and –X(YY)X. We do not 171 
observe the 833 cm–1 band nor any intensities in the OH region in the orientation –X(ZZ)X 172 
which indicates that the symmetry of these vibrations is E2g. The presence of the line 381 cm–1 in 173 
all orientations suggest the A1g symmetry. 174 
 175 
Assuming that peak in OH-region is related to the stretching of O-H covalent bond, the observed 176 
polarization dependence suggests that the orientation of such bonds should be nearly 177 
perpendicular to [001]. The same polarization dependence of 833 cm–1 band related to T-O-T 178 
bending oscillations suggests its origin as asymmetric T-O2-T bending perpendicular to [001] 179 
(Fig. 3a). 180 
 181 
  182 
The Raman spectrum of kokchetavite in general resembles that of K-cymrite, however, all the 183 
main bands are shifted and no stretching OH-modes are observed matching with the data of 184 
Kanzaki et al. 185 
 186 

Results and discussion 187 
 188 
Structure and symmetry of K-cymrite (KAlSi3O8·H2O) 189 
 190 
In contrast to ВaAl2Si2O8·H2O cymrite, K-cymrite can be successfully refined in the hexagonal 191 
space group (P6/mmm, a = 5.3361(3), c = 7.7081(7)) matching the historically used model (see 192 
Table 1). 193 
 194 
The structure of K-cymrite is based on double layers of Al- and Si- tetrahedra (no NMR 195 
evidence of Al/Si ordering was reported by Fasshauer et al. and Kanzaki et al) with interlayer K 196 
cations (Fig. 4). The double layer consists of regular six-membered rings. In the (001) plane, 197 
each ring is connected to six adjacent ones. Along the [001] direction, the rings are connected by 198 
shared apical oxygens (O2 site) forming a double layer; the voids in the double layer are 199 
populated by water molecules disordered along the c axis (Fig. 4). 200 
 201 
We do not observe any evidence of deviation of K-cymrite symmetry from hexagonal, such as 202 
twinning and satellite reflexions typical for monoclinic pseudoorthorhombic-pseudohexagonal 203 
ВaAl2Si2O8·H2O cymrite. However, a certain ambiguity exists regarding presence of inversion 204 
center in K-cymrite structure, i.e. choice between P6/mmm space group and its non-205 
centrosymmetric P622 and P–62m subgroups. Structure refinement in the non-centrosymmetric 206 
subgroups did not result in a noticeable improvement of the wR2-factor, and also suffered from 207 
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large correlation between positional parameters, so that P6/mmm was chosen as the most reliable 208 
space group for K-cymrite. 209 
 210 
The six shared apical oxygens in O2 sites surround Ow water molecule at a distance Ow-O2 = 211 
3.0951(13) Å sufficient to form hydrogen bonds (Fig 5a, b). As a result, covalent OH-bonds of 212 
water molecule become oriented in (001) plane, which agrees well with the data of polarized 213 
Raman spectroscopy and the frequency of OH-band at 3545 cm–1, corresponding to Ow-O 214 
distance about 3.1 Å (Libowitzky 1999).  The hydrogen bonds restrict the Ow-O2 distances and 215 
thus restrict the ring deformation and a decrease in symmetry. 216 
 217 
180° T-O-T angles in K-cymrite (KAlSi3O8·H2O) 218 
 219 
A T-O-T angle of 180°, observed for shared apical oxygens (O2 site) in K-cymrite structure, is 220 
often considered as unfavourable for silicates. On the other hand, in a number of structures 221 
shared apical oxygen atoms occupy special positions, making the T-O-T angle exactly 180° 222 
(Liebau 1985). The relaxation of this angle is possible either via decrease in symmetry (or local 223 
symmetry), or via T-O-T bending oscillation around average position. In order to relax the 224 
special position restriction, we refined the K-cymrite structure in the orthorhombic subgroup 225 
Cmmm of the group P6/mmm. The refined T-O2-T value of 179.8(3), however, is identical to 226 
180° within uncertainty. On the other hand, the static 180° angle of T-O2-T obtained from X-ray 227 
diffraction may actually represent a time average of T-O2-T bending. The latter assumption is 228 
strongly supported by polarization dependence of Raman band at 833 cm–1, allowing its 229 
interpretation as asymmetric T-O2-T bending perpendicular to [001], caused by the deviation of 230 
the T-O2-T angle from 180°. 231 
 232 
 233 
 234 
Structure and symmetry of kokchetavite (KAlSi3O8) 235 
 236 

 237 
In previous studies, the same P6/mmm space group and unit cell dimensions close to that of K-238 
cymrite, were proposed for kokchetavite (Thompson et al. 1998; Hwang et al. 2004), again by 239 
analogy with the structure of ВaAl2Si2O8·H2O cymrite. However, our single-crystal X-ray 240 
diffraction data shows superstructural reflections in the reciprocal space (Fig. 6), indicating a 241 
space group P6/mcc with doubled a and c parameters. 242 
 243 
Interestingly, the symmetry decrease during K-cymrite → kokchetavite transformation 244 
corresponds to the following group-subgroup sequence 245 

P6/mmm – i4, a’=2a, c’=c → P6/mmm – k2, c’=2c → P6/mcc 246 
with intermediate fourfold P6/mmm cell. Since K-cymrite → kokchetavite transition cannot be 247 
regarded as second order one due to the loss of H2O molecules, the existence of corresponding 248 
intermediate phase is not necessary (but not excluded). On the other hand, if kokchetavite-like 249 
structure with distorted tetrahedral rings could be stabilized in hydrated form (e.g. at high 250 
pressure), the intermediate phase would probably appear in the course of corresponding 251 
transition. 252 
 253 
The difference of V/Z value between kokchetavite and K-cymrite is 0.71 Å3 (-0.3%). Similarly to 254 
previous works (Thompson et al. 1998; Hwang et al. 2004), we observe an expansion along the c 255 
direction (+1.5%) and a contraction along a direction (-0.9%) compared to K-cymrite.  256 
  257 
In contrast to the structure of K-cymrite where hydrogen bonds restrict the Ow-O2 distances and 258 
so prevent deformation of regular tetrahedral rings, two types of rings exist in kokchetavite 259 
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structure: distorted and regular, withlatter surrounded by six distorted ones (Fig. 4).  Interatomic 260 
distances and bond angles for kokchetavite structure are given in the Table 3.  261 
 262 
 263 

Implications 264 
 265 
Identification of K-cymrite and kokchetavite in natural samples 266 
 267 
K-cymrite and kokchetavite, along with coesite and diamond, are indicators of ultrahigh-pressure 268 
metamorphism (UHPM) of crustal rocks. Due to the large anisotropy of K-cymrite and 269 
kokchetavite structure, vibrational spectra strongly depend on the orientation of the sample (Fig. 270 
3), which should be taken into account during identification of these phases in mineral 271 
inclusions. For example, this explains an ‘enigmatic’ absence of 833 cm–1 band of K-cymrite 272 
reported by Mikhno et al. (Mikhno et al. 2013) in some spectra.  273 
 274 
Single-crystal grains inside fluid/melt inclusions are usually interpreted as direct crystallization 275 
products from fluid/melt. However, during dehydration, single-crystal grains of K-cymrite 276 
transforms to single-crystal grains of kokchetavite, which limits the applicability of such 277 
interpretation. 278 
 279 
 280 
The role of K-cymrite and kokchetavite as potassium and fluid carrier into the mantle 281 
 282 
Subduction zones are considered giant conveyor belts that strongly affects chemistry of the deep 283 
Earth. However, the oceanic crust itself is depleted in natural radioactive isotopes (K, U and Th) 284 
(Maruyama et al. 2013), and so cannot be regarded the main carrier of such elements into the 285 
mantle. However, field observations of K-rich rocks in ultrahigh-pressure metamorphic terranes 286 
exhumed from the depths of ~200 km (Mikhno et al. 2013) suggest that K transport into the 287 
mantle effectively occurs, and its possible mechanisms are (a) subduction of microcontinents and 288 
(b) ‘scratching’ of K-rich continental crust by subducting plates. Subducted K-rich rocks may 289 
accumulate near the mantle transition zone, where they act as a source of radiogenic heat due to 290 
their high concentration of K, U and Th (Safonova et al. 2015). Since potassium feldspar is a 291 
ubiquitous mineral in the Earth's crust, K-cymrite and kokchetavite should widely form during 292 
ultrahigh-pressure metamorphism (UHPM) with the participation of fluids (Seki and Kennedy 293 
1964; Fasshauer et al. 1997; Thompson et al. 1998). This assumption is confirmed by the 294 
findings of K-cymrite and kokchetavite as inclusions in minerals from different crustal high-295 
pressure complexes (Hwang et al. 2004, 2009; Zhang et al. 2009; Mikhno et al. 2013; Ferrero et 296 
al. 2016). 297 
The existence of K-cymrite and kokchetavite should be taken into account in thermodynamical 298 
models of subducting processes. However, this requires a knowledge of the thermodynamic 299 
properties of K-cymrite and kokchetavite which may be calculated by ab intio methods using 300 
crystal structures reported in this article. 301 
 302 
Materials for fluids storage and probe for deep fluid chemistry 303 

Findings of hydrated (K-cymrite) and dehydrated (kokchetavite) forms of high-pressure 304 
KAlSi3O8·H2O suggest that the occurrence of these phases strongly depend on the activity of the 305 
fluid. Sokol et al. (Sokol et al. 2019) showed that host-guest interaction between Al-Si 306 
‘framework’ and fluid components makes possible the formation of H2O-, N2-, NH3-, and NH4

+-307 
substituted forms. This fact allows the use of K-cymrite as a probe for deep fluids chemistry 308 
similarly to cordierite (Harley et al. 2002). 309 
 310 
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Since K-cymrite is able to keep its crystalline state after dehydration as well as host different 311 
species of fluids in the crystal structure (Sokol et al. 2019), materials with similar structure 312 
(Hawthorne et al. 2019) can be prospective sorbents and/or catalysts: BaAl2Si2O8, hexacelsian 313 
(Galuskina et al. 2017), Pb2(Fe3+Te6+)[AlSi3O8]O6, burckhardtite (Christy et al. 2014), 314 
CaAl2Si2O8, dmisteinbergite (Zolotarev et al. 2019), Ba12(Si11Al5)O31(CO3)8Cl5, kampfite 315 
(Basciano and Groat 2007). 316 
 317 
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  437 
 438 
 439 
Table 1. Details of data collection and structure refinement for K-cymrite and kokchetavite. 440 
 441 
Crystal data 
Chemical formula KAlSi3O8·H2O KAlSi3O8 
Mr 296.37 278.35 
Crystal system, space group Hexagonal, P6/mmm Hexagonal, P6/mcc 
Temperature (K) 293 293 
a, c (Å) 5.3361(3),  7.7081(7) 10.5757(3),  15.6404(6) 
V (Å3) 190.08(3) 1514.94(10) 
Z 1 8 
Radiation type Mo Kα, λ = 0.71073 Å   Synchrotron, λ = 0.2897 Å 
μ (mm-1) 1.32 1.30 
Crystal size (mm) 0.07 × 0.05 × 0.03 mm3 0.04 × 0.03 × 0.02 mm3 
 
Data collection 
Diffractometer Oxford Diffraction Gemini Ultra R DESY P02.2 
Absorption correction Empirical absorption correction using spherical harmonics 
No. of measured, independent and 
 observed [I > 2σ(I)] reflections 

2415, 127, 124   9272, 1455, 648   

Rint 0.047 0.035 
(sin θ/λ)max (Å-1) 0.662 0.893 
 
Refinement 
R[F2 > 2σ(F2)], wR(F2), S 0.040,  0.091,  1.36 0.068,  0.264,  1.14 
No. of reflections 127 1455 
No. of parameters 17 44 
H-atom treatment H-atom parameters not defined – 

Δρmax, Δρmin (e Å-3) 0.65, -0.28 0.77, -1.81 

 442 
Table 2. Structural parameters of K-cymrite and kokchetavite 443 

K-cymrite 
 x y z Ueq Occupancy Wyckoff 

K1 0 0 1/2 0.0357(9) 1 1b 
Si1 2/3 1/3 0.2116(2) 0.0143(5) 3/4 4h 
Al1 2/3 1/3 0.2116(2) 0.0143(5) 1/4 4h 
O1 1/2 1/2 0.2865(4) 0.0242(9) 1 6i 
O2 2/3 1/3 0 0.0202(14) 1 2c 
Ow 0 0 0.0386 (17) 0.031(4) 1/2 2e 
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kokchetavite 
K1 0 0 1/4 0.0346(4) 1 2a 
K2 1/2 1/2 1/4 0.0343(3) 1 6f 
Si1 0.82106(6) 0.66639(5) 0.39630(3) 0.0174(2) 3/4  24m 
Al1 0.82106(6) 0.66639(5) 0.39630(3) 0.0174(2) 1/4 24m 
Si2 2/3  1/3 0.39632(6) 0.0233(3) 3/4 8h 
Al2 2/3  1/3 0.39632(6) 0.0233(3) 1/4 8h 
O1 0.74378(19) 0.75543(17) 0.35856(12) 0.0485(6) 1 24m 
O1’ 0.7291(2) 0.49937(13) 0.35856(10) 0.0343(4) 1 24m 
O2 0.8219(2) 0.6666(2) 1/2 0.0214(4) 1 12l 
O2’ 2/3 1/3 1/2 0.0264(7) 1 4d 

 444 
Table 3. Interatomic distances and bond angles for the refined structure of K-cymrite and 445 
kokchetavite (the T sites are occupied by Al and Si atoms) 446 
Bonds Bond distances, Å / angles, ° 

K-cymrite 
K-O1(×12) 3.1349(17) 
T-O1(×3) 1.6449(10) 
T-O2 1.6312(17) 
T-O average  1.6381(16) 
O1-T-O1(×3) 108.39(9)  
O1-T-O2(×3) 110.53(11) 
O-T-O average 109.46(1) 
T-O1-T 138.9(2) 
T-O2-T 180.0 

kokchetavite 
K1-O1(×12) 3.1453(17) 
K2-O1(×4) 3.1382(17) 
K2-O1’(×4) 2.9617(19) 
K2-O1’(×4) 3.327(2) 
K2-O1’ average 3.144(18) 
T1-O1 1.6363(17) 
T1-O1 1.6449(17) 
T1-O1 average 1.6406(17) 
T1-O1’ 1.6421(14) 
T1-O2 1.6219(5) 
T2-O2’ 1.6216(10) 
T2-O1'(×3) 1.6458(13) 
O1-T1-O1 107.75(12) 
O1-T1-O1’ 106.92(9) 
O1-T1-O1’ 108.44(10) 
O2-T1-O1’ 111.14(10) 
O2-T1-O1 111.53(10) 
O2-T1-O1 110.90(9) 
O-T1-O average 109.45(10) 
O2’-T2-O1’(×3) 111.04(6) 
O1’-T2-O1’(×3) 107.85(7) 
O-T2-O average 109.445(7) 
T1-O1-T1 137.51(12) 
T1-O2-T1 179.39(14) 
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T2-O2’-T2 180.0 
T1-O1’-T2 136.44(11) 
 447 

 448 
Figure 1. Backscattered electron image of the K-cymrite sample. 449 

 450 

 451 
Figure 2. Weight loss (TG) curve and its derivative (DTG) for K-cymrite. 452 

 453 
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 454 
Figure 3. (a) Polarized Raman spectra of K-cymrite; (b) unoriented Raman spectrum of 455 

kokchetavite. 456 
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 457 
Figure 4. View along [001]  direction of K-cymrite (a) and kokchetavite (b) structures; a 458 
perspective view of the structures of K-cymrite (c) and kokchetavite (d); view along [100] 459 
direction of K-cymrite (e) and kokchetavite (f) structures. The large spheres represent the 460 

interlayer K-atoms, the smaller ones – H2O molecules in the cages inside the double tetrahedral 461 
layers. 462 

 463 
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 464 
Figure 5. Comparison of K-cymrite (a, b) and kokchetavite (c-f) double rings. 465 

 466 

 467 
Figure 6. The (1kl) plane of the reciprocal lattice of K-cymrite (left) compared with 468 

corresponding (2kl) plane of kokchetavite (right). Note the absence of k+l=2n+1 reflexes in the 469 
case of kokchetavite due to a pseudo-A-centering. 470 

 471 
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