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Abstract

A series of open-framework copper silicates has been synthesized under mild hydrothermal conditions. The frameworks are based on do
chains, single layers or double layers of gi@trahedra interconnected by Cy€nuares or tetrahedra or Cgi@tragonal pyramids. The structures
contain 8-ring or 10-ring channel systems with apertures upa .9 A which are filled by alkali metal cations and water molecules.

0 2005 Elsevier SAS. All rights reserved.

1. Introduction Several natural and synthetic copper silicates are known in-
cluding cuprorivaite CuCugD10 (‘Egyptian Blue’) and the re-
Nanoporous crystalline materials with lattices of pores incently reported mineral ajoite (K,NgQJtpoAl 3Si2g076(OH)16-
the nanometer scale are of interest for applications in cataly8H20, found in Arizona porphyry copper hydrothermal de-
sis, gas separations and as ion-exchangérd he best-known posits [11-13] These and similar compounds suggest the
examples of nanoporous silicates are the zeolites which havieasibility of synthesizing porous copper silicate frameworks
open frameworks formed by interconnecting $iénd AlQ,  similar to the vanadium silicates; divalent copper ions, like
tetrahedrd2]. The substitution of the aluminum and silicon by vanadium (IV) and (V) ions, can form variously distorted
other metal cations including transition metals, in order to ob-coordination polyhedra with coordination numbers 4, 5 or 6
tain porous frameworks with new properties has been studiedith oxygen anions leading to a range of possible framework
in some detail. The framework topology is usually unchangedypes [14,15] Using hydrothermal techniques under condi-
for substitutions at comparatively low levdl3]. On the other tions comparable to those used in classical zeolite synthesis,
hand, substitutions at stoichiometric levels, particularly by nonwe have obtained a series of nanoporous copper silicates that
tetrahedral cations often lead to new framework topolopks are designated as CuSt#t where n is a framework type
Representative examples of such porous transition metal silhumber andA represents the extra-framework cations. The
cates include the titanium silicates ETS-4 and ETS-10 discovEuSH-1, CuSH-2 and CuSH-3 phases were first described by
ered in the late nineteen eightigg and a family of vanadium  us in 2002[16,17] Detailed data for the CuSHAL(A = Na,
silicates reported more recently by our group and by other, Rb and Cs) phases which have channel systems with an
[6-10] The framework transition metal sites provide additionalaperture 07 x 0.4 nm were reported subsequenfi8]. Re-
ways to manipulate the redox and acid-base properties of theg@ntly, Rocha and coworkers published the synthesis and struc-
materials. ture of a copper silicate designated as AV-23 that appears
to be identical to CuSH-2N#19]. Here we report the syn-
* Corresponding author. Fax: +1713 743 2787; Tel.: +1713 743 2780, thesis and structural details of the open-framework copper
E-mail address: xiqu.wang@mail.uh.ed(X. Wang). silicates Na[Cu,Si4011](H20)> (CuSH-2Na), Na[CuSkOg]
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(CuSH-3Na), CsNay[Cu2Si12027(0OH)2](OH), (CuSH-4NaCs), 2.2. Characterization
and NQ[CU25i5013](H20)3 (CLISH-6N8.).

The compounds were analyzed by EDX using a JEOL JSM
6400 scanning electron microscope with a Link Analytical EXL
spectrometer. Chemical analysis was made at Galbraith Lab-
oratories, Knoxville, TN. Thermogravimetric analysis (TGA)
2.1. Synthesis was carried out on a DuPont 2100 TGA system. Infrared spec-

tra were collected with a Galaxy FTIR 5000 series spectrometer

The chemicals used for the syntheses were commerci&iSing the KBr pellet method. Powder X-ray data were measured
reagent grade and were all used as purchased. The synthe§8s2 Sintag-XDS2000 diffractometer.
of the CuSHrA compounds were carried out in Teflon-lined
autoclaves under hydrothermal conditions at 280After an

appropriate reaction time the autoclaves were removed from the _.
pprop L Single crystal X-ray data were measured on a SMART plat-
oven and cooled down to room temperature in air. The prod:

: . .+ form diffractometer equipped with a 1K CCD area detector
ucts were vacuum-filtered, washed with water and dried in air__. . ; S

using graphite-monochromatized Mgladiation at 293 K. For
atroom temperature. each phase a hemisphere of data (1271 frames at 5 cm detector
distance) was collected using a narrow-frame method with scan
2.1.1. Syntheses of CuSH-2Na and CuSH-3Na widths of 0.30 in w and an exposure time of 30-8@fame.

Blue needles of CuSH-2Na and dark blue plates of CuSHThe data were integrated using the Siemens SAINT program
3Na were first obtained in single crystal forms as minor impu{20]. Absorption corrections were made using the program
rities during the synthesis of CuSH-1Na. In order to investigatesSADABS [21]. The structures were solved by direct methods
the phase field of each compound, a systematic synthesis stuepnd refined using SHELXTL[22]. The crystallographic data
in the SiQ—Cu(OH»—NaOH-HO system was performed in are listed irTable 1 Atom positions are given ifable 2
the presence of $0,. Cu(OH) was freshly precipitated by
adding aqueous NfDH to a Cu(NQ) solution followed by 3. Resultsand discussion
thorough washing with deionized water and drying in air at )
110°C. In a typical experiment, Cu(Ob)was mixed with 3.1 Synthesis
fumed silica and aqueous NaOH with appropriate ratios. The
mixture was sealed together withb& in a flexible Teflon bag
in air. The bag was subsequently sealed in an autoclave fill
with water to about 60% and heated at 2@0for 2d. In each
experiment, the total number of moles of Cu(QHS$IO, and
NaOH were held at 0.01 mole and the water an®Famounts
were 1.5 ml and 0.3 ml respectively.

2. Experimental

2.3. X-ray crystallography

The phase appearance fields in the SiOu(OH)—NaOH-
elazo system are shown schematically fiig. 1 In addition
to the CuSHuNa, n = 1-3, phases, polycrystalline CuO and
unidentified amorphous phases were also found in the prod-
ucts. Both CuSH-2Na and CuSH-3Na were obtained as a major
phase on the Cu(OBHpoor end of the corresponding phase
field. Although optimal conditions for single-phase products
have not yet been found for either phase, good quality single
2.1.2. Yynthesis of CuSH-4NaCs crystals suitable for detailed structural studies were readily ob-
For the synthesis of CuSH-4NaCs, solutich&nd B were  tained.
separately prepared by dissolving fumed silica (5.7 g) in aque-
ous CsOH (4.2 M, 18.8 ml) and aqueous NaOH (4.2 M,
27.0 ml), respectively. 0.26 ml of solution A and 1.08 ml of
solution B were mixed with 363 mg Cug®H,0. The mix-
ture was sealed together with 0.6 mi®Gland 0.1 ml HOz in a
flexible Teflon bag in air. The bag was subsequently sealed in an
autoclave filled with water to about 60% and heated at°2210
for 3 d.

NaOH

2.1.3. Synthesis of CuSH-6Na

For the synthesis of CuSH-6Na, 0.9 g silica gel (Sigma
S-4883) was mixed with 0.6 g NaOH, 0.1 g Cu and 0.04 g Ti
metal foil. The mixture was placed in a Teflon tube with an 10
open end. The tube was subsequently placed in a sealed Parr Cu(OH)2 _
autoclave. The autoclave was filled with watert®0% inner 90 80 70 &0 50 40 30 20 10
volume and the water was kept outside the Teflon tube. Afteg;y 1 scnematic plot of the phase fields in the $i0u(OHp-NaOH—HO
sealing in air, the autoclave was heated at 239or 4 d and  system. The dots represent the experiments performed. 1: CuSH-1Na,
then cooled to room temperature in air within 4 h. 2: CuSH-2Na, 3: CuSH-3Na.

Sio2
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Table 1
Crystal data and structure refinement details

CuSH-2Na CuSH-3Na CuSH-4CsNa CuSH-6Na
Formula HCwNayO13Siy CuNgOgSi3 H4CsCuwNay031Sii2 HgCupNayO16Sis
F.W. 497.45 321.79 1321.97 575.56
Temperature/K 293(2) 293(2) 293(2) 243(2)
Space group P-1 R&x C2k P2h
alA 5.2254(7) 7.9324(5) 24.884(3) 11.161(1)
bIA 6.4126(8) 10.3285(6) 7.261(1) 5.2135(6)
clA 8.516(1) 9.6005(6) 18.182(3) 11.813(1)
ol 101.1(1) 90 90 90
Bl° 94.3(1) 105.6(1) 113.2(1) 95.3(1)
yl° 102.5(1) 90 90 90
VIA3 271.37(6) 757.55(8) 3020.0(7) 684.4(1)
Refl. collected/unique 1706/1193 4583/1726 9292/3509 4141/1600
Rint 0.0154 0.0315 0.0454 0.0164
Data/parameters 1193/106 1726/128 3509/238 1600/132
Goodness-of-fit 0.977 1.073 1.010 0.996

R1/wR2 (I > 20(1))
R1/wR2 (all data)

0.0334/0.0748
0.0574/0.0817

0.0292/0.0837
0.0333/0.0857

0.0403/0.0664
0.0751/0.0749

0.0247/0.0619
0.0320/0.0649

R1=Y||Fol — |Fcll/ ¥ | Fol, wR2 = [ (w(F& — F&?)/ S (wF&)21Y/2.

Pale purple needles of CuSH-4CsNa were obtained as a mi-
nor phase together with CuSH-1Cs and CuO. Green needles of
CuSH-6Na were obtained as a minor phase together with Cu-

ETS-4[23] and unreacted Ti metal. For both CuSH-4CsNa and_ CuSH4-CsNa
CuSH-6Na, extensive efforts to improve the yield by changing$

reagent ratios and reaction temperatures were made but haﬁe

not yet succeeded. g

3.2. Characterization CuSH2-Na

The chemical compositions measured by chemical analy-
sis for CuSH-2Na and CuSH-3Na and atomic ratios measured , , , '
by EDX analysis for CuSH-4CsNa and CuSH-6Na are con- 4000 3600 3200 2800 2400 2000 1600 1200 800 400
sistent with the title formulae derived from crystal structure wavenumber (cm™)
refinements. Calculated (%) for CuSH-2Na ¢Nau,SizO11]-
(H20)2): Na 9.24, Cu 25.55, Si 22.59; found: Na 9.07, Cu
23.21, Si 23.10. Calculated (%) for CuSH-3Na ¢§RaSgOg): . . .
Na 14.29, Cu 19.75, Si 26.19; found: Na 14.17, Cu 18.25, S{UeNcy range of 400-800 cthare due to the Si-O-Si bending

27.71. Observed atomic ratios for CUSH-4NaCs,(Ca[Cuy- modes and internal symmetric stretching of the Si€trahe-
Sil.202.7(OH)2](OH)2): Cu:Cs: Na: Sie 1:113. 216598 dra, which are substantially different for the two phases because

and for CuSH-6Na (NACU,Sis013](H20)s): Cu: Si= 1 : of the different structures of the silicate anions. A sharp peak

2.24. During EDX analysis of the crystals of CuSH-6Na peakst 3627 cn* for the terminal Si-OH groups is observed for
for Na were observed but were quickly diminished in intensity CUSH-4CsNa.
probably owing to the instability of the crystals under the mea-
surement conditions. 3.3. Crysta.l structure de&:ription
TGA for CuSH-2Na in air shows a weight loss of 7.12%
below 39C°C, in good agreement with the theoretical value3.3.1. CuSH-2Na
of 7.24% for the full dehydration. Powder X-ray diffraction =~ The structure of CuSH-2Na contains double chains of
patterns measured before and after TGA were closely similaiOs tetrahedra that are interlinked by Cy@tragonal pyra-
indicating the framework was largely intact upon dehydrationmids to form a 3D frameworkHig. 3). The 3D framework
Similar dehydration behavior was reported for AV{23]. is traversed by a 1D system of eight ring channels that are
Fig. 2 shows the IR data for CuSH-2Na and CuSH-4CsNafilled by sodium ions and water molecules. The silicate dou-
The spectra have the expected features for polymerized silble chain has a periodicity of two tetrahedra and has intra-
cate tetrahedra and intracrystalline water. The strong peaks dwdain six-rings. The Cupyramid has four Cu—O bonds with
to the asymmetric stretching of the Si@etrahedra are ob- lengths 1.926(3)-1.977(3) A in the base and a long apical
served in the frequency range of 900-1150¢ror CuSH-2Na  Cu—O bond of 2.506(3) A. The pyramids are interconnected
and 940-1160 cm' for CuSH-4CsNa. The peaks in the fre- by sharing common edges to form an infinite chain paral-

T T T T

Fig. 2. The IR spectra for CuSH-2Na and CuSH-4CsNa.
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Table 2
Atomic coordinates %10%) and equivalent isotropic displacement parameters

(A% x 103)

X y Z Ueq
CuSH-2Na
Na(1) 36143) 36403) 20242) 16(2)
Cu(2) —20441) 11281) 683(1) 9(1)
Si(1) 537Q@2) 11992) -31191) 8(1)
Si(2) 117Q2) 33762) —16861) 7(1)
O(1) 10886) 17255) —454(3) 9(1)
0(2) —49706) 420(5) 19154) 13(2)
O(3) 5000 0 5000 14)
0o(4) 23076) —41205) —916(4) 12(1)
o(5) —32136) —27205) 30093) 10(2)
O(6) 82646) 29035) —27534) 11(2)
o(7W) 76Q8) 26887) 38904) 32(1)
H(1) 129Q100 2310090 4710(40) 32(17)
H(2) —540(90) 32001110 406Q(70) 80(30)
CuSH-3Na
Na(1) —19982) —2491) 390(1) 22(1)
Na(2) 20732) 48981) 12931) 18(1)
Cu(1) 1441) 22821) 18671) 10(2)
Si(2) —38391) —28331) 1081(1) 8(1)
Si(2) —38141) 22881) 19351) 9(1)
Si(3) 19631) —228(1) 30881) 9(1)
o(1) —34622) 38252) 22572) 14(1)
0(2) —722(2) 39622) 11652) 12(2)
0O(3) 23932) 30712) 29022) 13(1)
O(4) —20992) 1496(2) 19102 13(1)
O(5) 10342) 563(2) 16372) 12(1)
O(6) —54163) —-32792) 17742) 12(1)
o(7) —2981(2) —41732) 674(2) 11(2)
0(8) —4656(3) —20602) —428(2) 14(1)
CuSH-4CsNa
Cs(1) 2221) 76621) 1186(1) 30(1)
Na(1) 24671) 2421(3) 14641) 22(1)
Na(2) 28231) 75153) 17091) 21(1)
Cu(2) 23891) 48851) —-133(1) 11(2)
Si(2) 12051) 4990(2) 76(1) 11(2)
Si(2) 13931) 9201(2) 301(1) 10(2)
Si(3) —13361) 96932) 1286(1) 10(2)
Si(4) 5951) 1248712) 24241) 9(1)
Si(5) 11371) 56362) 347011) 10(2)
Si(6) 109Q1) 1234712) 12221) 11(2)
O(1) 5511) 121024) 15282) 11()
0(2) —10681) 100855) 6152) 16(2)
0O(3) 11742) 7104(5) 359(2) 16(1)
O(4) 0 118287) 2500 141)
O(5) —840(1) 5114(5) 898(2) 14(1)
O(6) 111Q2) 103345) 835(2) 17()
o(7) 102%2) 78265) 3251(2) 14(1)
O(8) 72Q1) 46494) 26272) 11()
0(9) 8311) 38085) 477(2) 13(2)
0(10) —11221) 113075) 19572) 15(1)
0O(11) 20811) 9361(5) 626(2) 18(1)
0(12) 180%1) 50575) 377172 14(1)
0O(13) —20271) 96595) 943(2) 14(2)
0O(14) 18422) 41895) 3202) 16(2)
0O(15) 16822) 29645) 18982) 17(2)
0O(16) 29802) 14666) 28492) 32(1)
H(1) 178Q020) 4030Q(40) 207030 26P
H(2) 330515) 16001100 3190(30) 480

(continued)
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Table 2 Continued)

x y z Ueq
CuSH-6Na
Na(1) 73511) —2771(2) 56431) 18(1)
cu(l) 57361) 24241) 51951) 8(1)
Si(1) 61631) —45421) 2896(1) 6(1)
Si(2) 520%1) —558(1) 73301) 6(1)
Si(3) 7500 —802712) 7500 1)
0o(1) 60812) 52944) 42282) 10(2)
0©2) 46532) 748(3) 40062) 8(1)
0(@3) 7500 —48685) 2500 131)
o(4) 68342) 35564) 64712)  10(1)
O(5) 3552) —32054) 72052) 8(1)
0(6) 84822) —57(%) 6990(2) 9(1)
o) 56892) —17734) 23652) 1)
o(8wW) 782%2) 328(5) 43722) 30(1)
O(OWR 91944) _512411) 50084) 28(1)
H(1) 818Q30) —130(80) 3810120 48P
HE) 823030) 154060) 468030 48
HER)? 955050) ~5140170) 5750200  41°
H(4)2 972040 —5340(190 4650(40) 41b

Ueqis defined as one third of the trace of the orthogonaliZgdtensor.
@ Half occupied.
b Fixed at 1.5 times of th&/eq of the parent oxygen atoms.

lel to the silicate double chains. The pyramidal coordination
of the Cu atom is complemented by a water oxygen atom
at 2.884(3) A to form a highly distorted Cg@H,) octahe-
dron. The sodium ion is bonded to four framework oxygen
atoms at 2.327(4)-2.379(4) A and two water oxygen atoms at
2.503(3)-2.601(4) A. Hydrogen bonds occur between the wa-
ter molecules and the framework oxygen atoms with an©
distance 2.841(5) A.

3.3.2. CuSH-3Na

The 3D framework ofCuSH-3Na consists of single layers
of SiOy tetrahedra cross-linked by distorted Cutetrahedra.
The CuStOg tetrahedral framework contains channel systems
along the [100] and [010] directions which are filled by the
extra-framework Na ionsHig. 4). The silicate single layer is
formed by interconnection of six-rings of tetrahedra with each
six-ring connected to four neighbors through sharing common
corners of the tetrahedra. The single layer contains 6-ring and
10-ring voids in a % 1 ratio (Fig. 4(a)). The CuQ tetrahedron
is highly distorted and may be considered as an intermediate
between a regular tetrahedron and a planar square. The Cu-O
bond lengths are in the range 1.920(2)-1.970 (2) A. Four O-
Cu-0 bond angles are in the range 89.1(1)-98%1484 two
in the range 149.5(1)-153.9¢1)The two independent Na sites
both have a highly distorted octahedral coordination with Na—O
bond lengths 2.298(2)-3.268(2) A.

3.3.3. CuSH-4CsNa

The framework ofCuSH-4CsNa contains double layers of
SiO4 tetrahedra interlinked by CuOsquares. The Cs ions
are located in the voids inside the double layers while the
Na ions and OH groups are located in the interlayer spaces
(Fig. ¥a, b)). The silicate double layer is formed from two
equivalent single layerd=(g. 5(c)). The single layer is formed
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(b)

Cu1

02 03

©

Fig. 4. The structure of CuSH-3Na (a) a view along [100]; (b) a view along
[010]; (c) the distorted Cu@tetrahedron, O2—Cul-05: 153,103-Cul-04:
149.5.

3.097(3)-3.650(3) A. The two different Na sites are both co-
Fig._3. Thg'structure of CuSH-2Na. (a) _Projection alo_ng [100]. (b) The doublegrdinated to six oxygen atoms including oxygen atoms of a
chain of silicate tetrahedra. (c) The chain of Gu@yramids. Si—OH group and a interstitial OHion with Na—O distances

in the range 2.366(4)-2.654(4) A. Relatively strong hydrogen
by connecting double chains of SiQetrahedra that are fea- bonds occur between the Si—-OH groups and the interstitial OH
tured by 5-ring voids. Interconnection of the double chainsgroups with an © -O distance of 2.675(6) A.
gives rise to 8-ring voids in the single layer. The two single
chains comprising the double chain are not the same. In ong3.4. CuSH-6Na
single chain three-connected Si@trahedra dimers are alter-  The structure o€uSH-6Na has a 1D system of 10-ring chan-
natively linked by four-connected tetrahedron monomers whilenels outlined by cross-linking single layers of Si@trahedra
in the other single chain all the tetrahedra are three-connectadrough CuQ@ tetragonal pyramidsHig. 6a)). The silicate sin-
and the corresponding dimers are linked by a tetrahedron witgle layer is formed by bridging the double chains found in
a terminal Si—OH group. The terminal corners of the dimers ar€€uSH-2Na with two-connected SigtetrahedraKig. 6(b)). The
shared with the interlayer CuGquares that have Cu—O bond CuQ; tetragonal pyramids are interconnected into infinite edge-
lengths 1.917(3)-1.942(3) A. The Cs ion inside the silicate dousharing chains closely similar to those@iSH-2Na (Fig. 6(c)).
ble layer is bonded to 10 oxygen atoms with Cs—O bond length$he 10-ring channels are filled by Na ions and water mole-
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(b)

Fig. 6. The structure of CuSH-6Na. (a) Projection along [010]. (b) The single
layer of silicate tetrahedra. (c) The chain of Gugyramids.

Fig. 5. The structure of CuSH-4CsNa. (a) Projection along [010]. (b) Projec-3'4' Structural comparison

tion along [011]. (c) The double layer of silicate tetrahedra, one single layer is
marked by striping. 3.4.1. CuSH-2Na, CuSH-6Na and related structures

The framework structure duSH-6Na may be considered
cules. The Na ion has a well defined octahedral coordinatioas a simple expanded version GfiSH-2Na because the for-
with Na—O distances 2.250(2)-2.542(2) A. One of the two waimer can be derived from the latter by insertion of a column of
ter molecule sites is split into two positions with an OvDw  separated Si@tetrahedra between the double chain€o8H-
separation of 1.858(6) A. Well defined hydrogen bonds occuBNa and linking the double chains into the single layer of
between the water molecules and the framework oxygen atonfsuSH-6Na (Figs. 3, §. The expansion substantially enhances
with O---O distances 2.879(5)-2.965(3) A which are weakerthe porosity of the framework and increases the aperture of
than the corresponding hydrogen bond€usH-2Na. the channels. While double chains similar to those present in
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Fig. 6. Continued.

CuSH-2Na are found in a number of know silicates such as
NagH(NbO)Si0O11-1.25H0 [24] and the minerals of the am-
phibole group11], the layer ofCuSH-6Na is a novel type. It
belongs to a rare group of single layers containing both three-
connected and two-connected gi@trahedra. In the miner-
als latiumite[25] and tuscanitd26], there are double layers
of (Al,Si)O4 tetrahedra which are formed from single layers
closely similar to those i€uSH-6Na. The interesting relation-
ship between the frameworks @uSH-2Na and CuSH-6Na
points to a promising way of building porous structures start-
ing from other related multiple chain silicates.

342 Cu_S_H-3Naand related structures Fig. 7. Comparison of the single layers of CSH-3Na (top) and
The S|I|c_ate layer ofCu_SH—3Na also belongs to the rare KgYbs(SigO16)2(OH) [25] (bottom).

group of single layers with both three-connected and two-

_connected Si@ tetrahedra. A sim.ilar silicate layer is f_ound poundsA»CuySigOrg (A = Rb, Cs)[28,29] The double layers

in the known compound §Ybs(Sis016)2(0H) [27], which 4056 compounds are dominated by 6-rings ofSirahe-

IS fo”'_‘e_d by Interconnection of 6-rings of SiQetrahedra . gjjicate single layers closely similar to that comprising the

in a similar way as inCusH-3Na and also has both three- double layer ofCuSH-4CsNa are found in the minerals nekoite

connected and two connected tetraheéhig.(7). Judging from Ca:SicO1=-7TH-O [301. okenite CaSicO»-9H-O [31] and zer-
the position of the two-connected tetrahedra, the 6-rings in thga?’ 6015:7H20 [30], ! 8519025-9H,0 [31] z

layer of CusH-3Na have roughly the same orientation while vshanite CiNaZraSigOss-2H20 [32]
the 6-rings in KYb3(SigO16)2(OH) are perpendicular to each .

other. This orientation difference leads to 12-ring and 8-ring4' Conclusions
voids in the latter in contrast to the 10-ring voids in the for-

mer. A series of novel open-framework copper silicate com-
pounds have been synthesized in single crystal form under mild
3.4.3. CuSH-4CsNa and related structures hydrothermal conditions. Structural studies reveal remarkable

There is a close similarity between the structure€o®H- diversity both in the condensation of the silicate tetrahedra and
4CsNa and CuSH-1A [18]. Both structures are based on sil- in the copper oxygen coordination polyhedra connected to the
icate double layers cross-linked by Cu-O bonds with intersilicate anions. Compared to the wide 12-ring channels of the
layer Na ions and OH groups or water molecules. The sili- CuSH-14 materials reported previously, the channels in the
cate double layers of the two structures are substantially diffompounds reported here are narrower with 8-ring or 10-ring
ferent, however, they have similar chains of 5-rings interconsections.
nected by four-connected tetrahedra and both can be con- The low temperature hydrothermal reaction conditions led to
structed from the secondary-building-unit designated as “5-1%everal structure features in the CugHeries that are not ob-

(a 5-ring with a branching tetrahedron) in the zeolite litera-served in the copper silicates synthesized at high temperatures.
ture [2] (Fig. 8). Other related copper silicates with double These include frameworks containing terminal §I0OH) units
layers include the mineral ajoifd3] and the synthetic com- and water molecules, and salt inclusion in the channel systems
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