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Reaction of aqueous AgNO3 with aqueous Ms[Cr(ox)s] in =3:1 molar ratio causes the rapid growth of large, cherry-
black, light-stable crystals which are not Ags[Cr(0X)s], but [Mos(H20)s]@[Ag25Cr(0x)s] (0x2~ = oxalate, C,0,2~; M
= Na, K, Cs, Ag, or mixtures of Ag and a group 1 element). The structure of these crystals contains an invariant
channeled framework, with composition { [Ag,sCr(ox)s] %%}, constructed with [Cr(ox)s] coordination units linked
by Ag atoms through centrosymmetric { Cr—0,C,0,~Ag} » double bridges. The framework composition [Ag,sCr(0x)s]~%®
occurs because one Ag is located on a 2-fold axis. Within the channels there is a well-defined and ordered set of
six water molecules, strongly hydrogen bonded to each other and some of the oxalate O atoms. This invariant
channel plus water structure accommodates group 1 cations, and/or Ag cations, in different locations and in variable
proportions, but always coordinated by channel water and some oxalate O atoms. The general formulation of these
crystals is therefore [M,Agos—x(H20)3]@[Ag25Cr(0X)s]. Five different crystals with this structure are reported, with
Compositions 1 Agols[Agzl5cr(OX)3](HzO)g, 2 CSo,19A90,31[A92_5CY(OX)3](HzO)g, 3 Ko.nggol22[Agz_5cr(OX)3](HzO)g, 4
CS0.41A00.09[Ag25Cr(0X)3](H20)s, and 5 Csp43Ad0.07 [AG25Cr(0x)s](H20)s. All crystallize in space group C2/c, with a ~
18.4, b ~ 146, ¢ ~ 12.3 A, B ~ 113°. Pure Ags[Cr(0x)s](H.0)s, which has the same crystal structure (1), was
obtained from water by treating Lis[Cr(ox)s] with excess AgNO;. Complete dehydration of all of these compounds
occurs between 30 and 100 °C, with loss of diffraction, but rehydration by exposure to H,O(g) at ambient temperature
leads to recovery of the original diffraction pattern. In single crystals, this reversible dehydration—hydration occurs
without visually evident crystal change, but with loss of mechanical strength. We postulate a general mechanism
for transport of water molecules along the channels, associated with local partial collapses of the channel framework,
with concomitant bending but little breaking of the host Ag—O and Cr—0O bonds, which is readily reversed.

Introduction dimensional (10,3)-a chiral netwofk.These crystals, which

Oxalate (GO.2, 0x2™) as a bridging ligand has enabled are interesting for reasons of possible cooperativity of metal
the construction of various nonmolecular coordination net- Properties;®are usually templated by associated polyatomic
works, with general formulas [M(0X)g]:2", [MaMy- cations, such as chiral [M(2;Dipyridyl)s]?" and [M(1,10-

(0X)a]:2™, and [M"M" (0x)g],"™1-23 The metal atoms in these ~ Phenanthroline]*" complexes.

are all coordinated by three bidentate ligands, and therefore We have previously analyzed the cubic crystal structure
the structures are built from 3-connecting metal sites with Of (PhsMeP)[NaCr(ox)] which contains a (10,3)-a net of
ditopic ligands. Two network types are known: one, with

linked M(ox)s centers of alternating chirality, is a planar (6,3) ~ (4) Russell, V. M.; Craig, D. C.; Scudder, M. L.; Dance, |. GystEng-
Comm200Q 2, 16-23.

network, while homochiral M(ox)centers form a three- (5) Decurtins, S.; Schmalle, H.; Oswald, H. R.; Linden, A.; Ensling, J.;
Gutlich, P.; Hauser, Ainorg. Chim. Actal994 216 65—73. Decurtins,
* Authors to whom correspondence should be addressed. E-mail: S.; Schmalle, H.; Pellaux, R.; Schneuwly, P.; Hauseinarg. Chem.
pawdean@uwo.ca (P.A.W.D.); |.Dance@unsw.edu.au (I.D.). 1996 35, 1451-1460. Mathoniere, C.; Nuttal, C. J.; Carling, S. G;
T University of Western Ontario. Day, P.Inorg. Chem.1996 35, 1201-1206. Pellaux, R.; Schmalle,
* University of New South Wales. H.; Huber, R.; Fischer, P.; Hauss, T.; Ouladdiaf, B.; Decurtins, S.
(1) Decurtins, S.; Schmalle, H.; Schneuwly, P.; Ensling, J.; Gutlic, P. Inorg. Chem.1997, 36, 2301-2308. Hernandez-Molina, M.; Lloret,
Am. Chem. Sod994 116, 9521-9528. F.; Ruiz-Perez, C.; Julve, Mnorg. Chem.1998 37, 4131-4135.
(2) Decurtins, S.; Schmalle, H.; Pellaux, Rew J. Chem1998 117—121. Larionova, J.; Mombelli, B.; Sanchiz, J.; Kahn, l@org. Chem1998
(3) Decurtins, S.; Pellaux, Romments Inorg. Cherhi998 20, 143-161. 37, 679-684.
10.1021/ic034988k CCC: $27.50 © 2004 American Chemical Society Inorganic Chemistry, Vol. 43, No. 2, 2004 443

Published on Web 12/23/2003



Table 1. Crystallographic Details

Dean et al.

1 2 3 4 5
formula G2H12A06Cr2030  C1oH12Ags 6 C1Co38030  Ci2H12A05.44C1K0 56030 C1oH12Ag5 16C1Co8030  Ci12H12A05.14C12CS%.86030
M 1387.4 1396.9 1348.9 1407.9 1408.9
crystal system monoclinic monoclinic monoclinic monoclinic monoclinic
space group C2lc C2lc C2lc C2lc C2lc
alA 18.400(7) 18.382(3) 18.302(8) 18.338(9) 18.335(6)
b/A 14.566(2) 14.599(1) 14.670(3) 14.619(3) 14.628(2)
c/A 12.313(4) 12.313(2) 12.298(5) 12.379(4) 12.383(4)
pldeg 113.19(1) 113.12(1) 113.62(2) 113.00(2) 113.00(1)
VIA3 3033(2) 3038.9(8) 3025(2) 3055(2) 3057(1)
Ddg cm 3 3.04 3.05 2.96 3.06 3.06
z 4 4 4 4 4
Umol mm~1 4.542 4.744 4.282 4.961 4,979
26 max 50 50 50 50 50
crystal decay 5%
min transm factor  0.33 0.66 0.53 0.57 0.40
max transm factor  0.49 0.72 0.64 0.65 0.45
unique reflns 2659 2667 2655 2685 2689
obsd reflns 2356 2282 2257 2273 2441
Rmerge 0.034 0.022 0.033 0.012 0.031
Ra 0.059 0.063 0.069 0.053 0.061
R.° 0.108 0.110 0.121 0.093 0.118

AR = IMAFI/ZMFol. ® Ry = [T ™WIAF /3 ™W|Fo[7 V2

[Cr(ox)s] sites interpenetrated by another (10,3)-a net of the different composition KosAg2 o Cr(0x)s](H20)s. These
PheMePt cations? There are intermolecular homochiral last crystals were obtained in a yield of 85%. Crystals of
embrace motifs between the 3-fold ®tePt cations and Ko.08A02.04Cr(ox)s](H20)s showed no evidence of decom-
3-fold [Cr(ox)s] coordination complexesCrystals with the position after hours of exposure to fluorescent light: in sun-
composition (PhMgP)Na,[Cr(0x)s].Cl(H,O)s did not show light the crystals develop a brown coating after several days,
this property? but diffraction measurements indicated that the bulk was
To develop this chemistry using other designed poly- unchanged.
atomic cations, we attempted preparation of the compound Similar results were obtained with BJ&r(ox)s] as reactant.
Ags[Cr(ox)s], to be used in cation metatheses by exchanging Remarkably, the presence of aqueous Nakibca. 10-fold
Ag'. This led to discovery of a new set of crystalline molar proportion) suppressed all growth of these black
compounds which contain a three-dimensional network with crystals.
the composition [AgsCr(ox)] % this nonmolecular struc- Crystallization using aqueous J€r(ox);] and excess
ture surrounds channels that contain well-positioned water AgNO; (Ag/Cr = 12), yielded Ag[Cr(ox)s](H-0)s, charac-
molecules, and monatomic cations from group I'jMand terized by single-crystal structure determination as described
Ag*. The general formulation is [Mgos«(H20)]@ below. Crystallization experiments using aqueous Agia
[Ag25Cr(ox)]. In this paper we describe the invariant and  aqueous G§Cr(ox)s] in molar ratios (Ag/Cr) of 2.5, 3.0, 3.9,
variable aspects of these crystal structures, together with theand 19, also grew large cherry-black crystals, with composi-
M-dependent crystallization phenomena, and the reversibletions ranging from Gs2Ag251Cr(0x)s](H20)3 to C$16Ag2.61-
small changes in structure that occur on dehydration and[Cr(ox)s](H20)s.
rehydration. Large crystals of these compounds are readily Crystal Structure. All of the red-black crystals Mgz
grown quickly, but were not mentioned in a previous report [Cr(ox)s](H20)s have the same general powder X-ray dif-
involving similar reactions. fraction pattern. Five single-crystal structure determinations
have been madd,—5, all with space grouic2/c, and very
similar cell dimensions (see Table 1). At this point it is
Crystal Growth. Addition of aqueous AgN@to aqueous  evident that a general structure type is being formed, with
K3[Cr(ox)s] in molar ratio 3, at room temperature and ca. fixed and variable components. To understand how this
0.2 M concentration, leads to impressive immediate crystal occurs, and to provide the background for consideration of
growth. Cherry-black single crystals begin to grow almost other properties of these systems, we next describe the crystal
immediately and can be collected within several hours as structure, starting with the invariant Ag-r(ox); framework.
prisms, with the largest dimension of the order of mm. Ele- This composition for the framework occurs because it is
mental analysis and a subsequent crystal structure determigenerated by one [Cr(os)coordination unit plus two Ag
nation (described below) yielded a formula\g, 7dCr(ox)s]- atoms without crystallographic symmetry, and one Ag atom
(H20)s. Increase in the molar ratio (AgN#X3[Cr(ox)s]) to on a 2-fold axis.
10 caused similar crystals to grow at the same rate, but with

Results

1 Ado.qAg2 sCr(ox)s](H20)s
(6) Farrell, R. P.; Hambley, T. W.; Lay, P. Anorg. Chem.1995 34, 2 Cs.19Ag0.31{/Ag2 5Cr(0x)s](H20)3
757—758. 3 Ko.26A00.24Ag 2 5Cr(0x)s](H20)3
(7) Schmalle, H. W.; Pellaux, R.; Decurtins, B .Kristallogr. 1996 211, 4 C%.41A00.0dAg2.5Cr(0x)s](H20)3
533-538. 5 C%.49A7d0.04Ag2.5Cr(0X)](H20)3
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A Variable Ag—Cr—Oxalate Channel Lattice

Figure 3. The three{ Ag—0,C,0,—Cr}, bridges connecting the central
Cr atom (black) to three surrounding Ag atoms. The bridge to the right
involves Agl and forms the Agl wall of the network, while the up and
down bridges contribute to the Ag2,3 wall: colors as in Figure 1.

Figure 1. Projection of the net along the channels (space g2/, a

~ 18.4,b~ 14.6,c ~ 12.3 A, ~ 113). The Agl atoms (light blue) are
located on 2-fold axes parallel yoatx = 0, 0.5, 1: Ag2 is dark blue, Ag3
magenta. The walls of the channels are composed of two types of double-
oxalate-bridged segments, the Agl wall (red enclosure) and the Ag2,3 wall
(blue enclosure). The wall segments are linked at Cg(ox)
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Figure 2. The coordination that generates the walls of the network. Each
of the three Cr0,C,0,—Ag bridges in part a is doubled across a center
of inversion, as shown in part b.

The AgQ.sCr(ox); Framework. Figure 1 shows the
Ag2:Cr(ox) network, projected along the axis, and the
occurrence of channels separated by silver oxalate walls that
connect Cr nodes. The asymmetric unit of the network _ . .

. h late ligands that brid betw nF|gure 4. Skeletal and space-filling representations c_Jf the two types c_>f
contains one Cr, three .Oxaae ganas tha ! ge betweencnannel wall segments, translated along the channel axis. The view direction
Cr and Ag, and three different Ag atoms (which are color- is normal to the wall face. In the Agl wall (upper figures) the centers of

differentiated in the figures). There are two types of channel inversion are marked as open circles, and there are 2-fold axes normal to
9 ) yp the wall through the Agl atoms. Note that theg—0,C,0,—Cr}, double

wall, marked_in Figure 1. One wall type. parallel to the [010] pyigges cant alternately to left and right. The Ag2,3 wall (lower figures)
plane, contains the Agl atoms and is labeled the Agl wall. contains centers of inversion (open circles), and double bridges involving

The other wall type, approximately parallel to the [110] and Ag2 and Ag3 alternate along the wall. Note that Agl and Ag2 are inside
yp PP yp [ ] their walls, with octahedral and tetrahedral coordination respectively, while

[110] planes, contains the Ag2 atoms near its center and theags is on the edge of its wall.
Ag3 atoms, and is labeled the Ag2,3 wall. The Ag2 and Ag3

atoms (and the [Cr(ox) coordination unit) are located at It is helpful to appreciate the symmetry of this network.
general positions, while Agl atoms lie on 2-fold axes, and The array of channels is generated by the C-centering of the
the framework is (Agl)s(Ag2)(Ag3)[Cr(ox)]. lattice; there are centers of inversion along the channels and
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at the midpoints of the Agl and Ag2,3 walls, and the
propagation of the channels along the channel agess(
effected by c-glide operations.

Dean et al.

Dehydration and Rehydration. The water in the channel
can be removed by heating, or by very high vacuum. After
4 days at a pressure of ca.» 10°° bar, the crystalline

The three oxalate ligands of the regular octahedral compound with composition &eAg2.02Cr(0x)s(H20); lost

[Cr(ox)s]®~ complex bridge to the three crystallographically
different Ag atoms Agl, Ag2, and Ag3, as shown in Figure

7.4% mass: calculated mass for His 7.8%. Thermo-
gravimetric analysis of samples with composition £8go.0s

2a, and each of these three blades of the coordination[Ag.sCr(ox)s] (H20)s shows that water loss commences at

propellor around Cr is doubled by centrosymmetric pairing
with another Ag-0,C,0,—Cr moiety, as illustrated for one

ligand in Figure 2b. The doubling of the propellor blades in
this way does not occur with pseudo-3-fold symmetry

relatively low temperatures of ca. 3@, and is complete
by 100°C within 2 h.

During dehydration, diffraction is lost, indicating lack of
long range order. However, on subsequent exposure to water

around Cr, but rather as shown in Figure 3. The significant vapor there is rehydration, with recovery of sharp diffraction
aspect of this construction is that each centrosymmetric showing the same pattern as the original sample. Representa-

{Ag—0,C,0,—Cr}, double blade is a well-formed offset-
face-to-face motif.
Figure 4 shows more detail of the two walls and how they

are constructed using the double bridges of Figure 3. Agl

is octahedrally coordinated (AgO distances 2.3%?2),
2.55(x2), 2.61(2) A for 1) by surrounding oxalate O
atoms: Ag2 is tetrahedrally coordinated (A@ distances
2.33, 2.41, 2.42, 2.57 A), with some longer-A@ contacts
not marked in Figure 4. Ag3 is coordinated by four oxalate
O atoms (Ag-O distances 2.35, 2.43, 2.63, 2.68 A) from
both walls, in pyramidal stereochemistry. In addition, Ag3
is coordinated by one water molecule, as described next.
Contents of the ChannelsThe channels in the AgCr-
(ox)s network contain water molecules at invariant locations,

tive data are presented in Figure 6. Rehydration occurs on a
time scale of 24 h at ambient temperature and 100% humidity
for typical microcrystalline samples.

It is possible to observe the dehydration and rehydration
cycle in a single crystal. Single-crystal diffraction data were
measured for a crystal prepared with Nas the group 1
cation. The mounted crystal was heated at 1Q0for 2h,
after which there was no measurable diffraction. This
mounted crystal was then rehydrated for ca. 18 h with ca.
30 mm HO(g) at room temperature, and its diffraction
remeasured, revealing recovery of the single crystal diffrac-
tion pattern at about 10% of the original intensity. There
was no visually observable degradation of single crystals after
dehydration (photographs are provided in the Supporting

with unambiguous hydrogen bonds. There are three inde-Information), but mechanical strength is degraded.

Attempts to reabsorb Ci&l,, MeCN, MeOH into dehy-

pendent water molecules, labeled W1, W2, W3, hydrogen
bonded to each other and to surrounding oxalate O atomsdrated crystals did not regenerate crystalline material, and
Figure 5 shows the water network and hydrogen bonds, there is no evidence that these small molecules absorb in
viewed both in projection along the channels and as extendedpreference to water.
along the channels. Centrosymmetric sets of six water _. .
molecules are repeated along the channels: Figure 5¢ detail?ISCUSSIon
the directions of the hydrogen bonds in this set. W1 is  Crystalline AgCr(ox)(H.O)s has a structure which is not
coordinated to Ag3 which protrudes from the channel walls. simply a network of [Cr(ox)]®~ entities linked by Agd
Crystal structure determination was completed for five through Cr-ox—Ag bridges, as might have been expected.
preparations, in which the channels contained differing addi- In fact, 5/6 of the Ag ions are bridged in this fashion, and
tional cations in variable proportiond: Ago s, 2 C%.19Ad0 31 generate a fully bridged three-dimensional lattice which
3 Ko20A0o.22 4 C9.41A00.09 5 CH48AJoo7 The additional contains parallel channels. The remaining 1/6 of the Ag
cations are disordered over several locations, which areare located in these channels, and are coordinated by the
illustrated in Figure 5 forl (Figure 5a) an@® (Figure 5b). water molecules that occupy the channel in a well-defined
There are three locations for the additional Ag cations hydrogen bonding array. The 1/6 of Agns in the channels
(green colorations in Figure 5) and one location for the group are disordered over three positions, unlike the network Ag
1 cation (colored orange in Figure 5b). The positions for ions which are fixed. The crystals are therefore better
Agt and the position for the group 1 cations™Gw K+ are formulated as [Ags(H20)s]@[Ag2.sCr(ox)]. The [Ag. sCr-
differentiated by the size of the space within the surrounding (ox)s] host lattice is built from Crox—Ag bridges,
coordinating O atoms from water and oxalate. The smaller which are doubled across a center of inversion: these are
spaces can be occupied by #Agwhile Cs™ or K* re- the only fundamental moieties for the network. The formula-
quires the one larger space, but only one of the four posi- tion [Ag.sCr(ox)] for a lattice network built entirely from
tions can be occupied at any locality in the crystal. Details { Cr—ox—Ag}, bridges is accounted for because one of the
of the positions and occupancies in each of the refined lattice Ag" lies on a 2-fold axis.
structures are presented in the Supporting Information. In  The channel domain in this [AgCr(ox)] can also accom-
Figure 5 the coordination of the additional cations by oxalate modate group 1 cations, M= Na'" to Csf, and, if these
O is marked with black bonds, and the coordination by water M* cations are present in the crystallization solution (from
with gray bonds. All bond distances and hydrogen bonding the common precursors JiCr(ox)s]), they are included in
distances are normal and are tabulated in the Supportingthe channels, forming crystals with the general composition
Information. [M;Ado5-«(H20)]@[Ag2.5Cr(ox)). The structures of four of
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A Variable Ag—Cr—Oxalate Channel Lattice

Figure 5. The water molecules (yellow) and additionaf"Mations as they occur in the channels of the &&y(ox); network. Part a shows crysta| part

b shows crysta®, and part c gives details of the metal coordination and hydrogen bonding-@H of the water molecules, W1, W2, and W3. The upper

parts of parts a and b present projections of the channel contents along the channel (outlined by six Cr atoms, black), and the lower parts assvsutaway vi

of the channel contents as they recur along the channel. The orientation of diagram c is the same as that of the lower views in parts a and b. Oxalate O atoms
are restricted to those bonding the channel contents, and Ag3 is included because it is coordinated by W1. The chimuatioAg are identified by three

different green colors, and the™Mocation is orange. The green enclosures draw attention to the region where one of the four possible positions can be
occupied by a group 1 cation or a Agon. Channel cations are coordinated by oxalate O atoms (black bonds) and by W1, W2 molecules (gray bonds).

these crystals, and the variable locations of the channel M The variable occurrence of Mand Ag" in the channels
and Ag, have been described. The M the crystallization is supported by the invariant domain of hydrogen bonded
solutions compete with Agfor the channel domains, and water molecules in the channels: these water molecules
an Ag"/[M3Cr(ox)] ratio of 12 for M = Li and more than provide coordination for M and Ag", as do some of the
19 for M = Cs in the crystallization solution is required to oxalate O atoms. All metal coordination is normal.
suppress crystal inclusion of Min the channel, and yield The compounds [WAgo 5-x(H20)3]@[Ag2.5Cr(ox)] mani-
AgsCr(ox)(H,0)s. The highest ratio of M over Ag' in the fest impressive crystal growth, with single crystals of mm
channels was 0.43/0.07, in &8AJdo.odAg2:sCr(ox)]- dimensions growing in a few hours. The water in the
(H20); which occurred for crystallization of 2.5 AgNvith channels can be removed by heating or with high vacuum,
1 Cg[Cr(ox)s]. Similar results have been obtained for and reintroduced by exposure to water vapor at ca. 30 mm.
[Co(ox)]3". Avoidance of M contamination of the chan-  The large crystals do not change their external morphology
nels of AgCr(ox)(H.0); can be achieved by use of during their dehydration. However single crystals and
(NH4)3[Cr(ox)s] as precursor. polycrystalline samples do lose most of their diffraction
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Figure 6. X-ray diffraction patterns of a polycrystalline sample of
C%.49A00.01Ag2.5Cr(ox)](H20)3 5 (lower trace), and the same sample
after heating at 100C for 2h (middle trace) and then after rehydra-
tion by exposure to 100% humidity at ambient temperature for 24 h (upper
trace).

Figure 7. The crystal structure of silver oxalate, A (CSD code
AGOXALO02), emphasizing the stacks of offset-face-to-face oxalate groups.
The two stacks outlined are inclined oppositely to the projection direction,
and the separation between oxalate planes is 2.95 A.

intensity during dehydration. Remarkably, during rehydration =~ We make two further points about the crystallization
some of the original diffraction intensity is recovered, and phenomena. First, the compounds o s-x(H20):]@
shows that the original hydrated crystal structure is regener-[Ad2sCr(ox)] crystallize readily from water in good yield
ated. Large single crystals, while showing no external (up to 85% for kyogAg2.e4Cr(0x)s](H20)s), but crystallization
morphological change during dehydration/rehydration and of [NayAgo.s-x(H20)s] @[Ag2.sCr(ox)] was suppressed with
concomitant loss and recovery of diffraction, do lose additional N& in solution. We suggest that this is due to
mechanical strength during this cycle. the prevalence of species [Emfx—Nayg)3] in solution®
The unobstructed channel structure, evident in the projec-relative to [Cr(-0x—Agags], and thereby reduced bridging
tion views of Figure 5, suggests a straightforward mechanism Cr—ox—Ag—ox—Cr through Ag as required to form the
for dehydration and rehydration, by water transport along host lattice. This is a manifestation of NMAg* competition
the channels. Our interpretation of the observations of for the channel host component of the crystals, analogous
morphology and diffraction during dehydration is that some to the observed MAg* competition for location in the
but not all of the channels undergo partial collapse, so thatchannels. Second, among the compounds that form the
crystal form can be retained, but long range order within {[M'M"(0x)s]*>"} three-dimensional (10,3)-a net there is
the crystal is not. During this process the already partly one with M, M = Ag, Cr, namely [Fe(bipy][AgCr(0x)s],”
disordered M and Ag" cations in the channels probably in which all connections are €ox—Ag and the local
become more disordered in rearranging to use only oxalatemetal coordination is Cr(ox)and Ag(ox}. This compound
O atoms as ligands. Rehydration is postulated to reconstructwas apparently crystallized from a mixture that contained
the collapsed channel regions, with recovery of the ordered Ks[Cr(ox)s](H20)s and Ag' in an aqueous silicate gél.|t
host channel structure. We suggest that local partial collapsesds significant that crystals of [igos-«(H20)] @[Ag2 sCr(ox)]
of the channel framework cause bending but little breaking which we observe were not formed in the mixtures in silica
of the host Ag-O and Cr-O bonds (involving shearing of  gel.
metal coordination polyhedra), thereby facilitating the re-  Finally, we note that tHedAg—0,C,0,—Cr} » double-bridge
construction of the channel framework upon rehydration. The (Figures 2b, 3), a key component of the [AGr(ox)]
well-defined order of the water molecules and their hydrogen framework structures in [MAgo.5-x(H20)s]@[Ag2.sCr(ox)s],
bonds is likely to be a thermodynamic advantage for the has offset-face-to-face oxalate groups that are also charac-
reconstruction of the host lattice, and the open channelteristic of the crystal structure of silver oxalate, say.1!
structure is expected to provide kinetic facility for dehydra- Figure 7 shows that the Agx structure has stacks of offset-
tion and rehydration. face-to-face oxalate groups. Thag—0,C,0,—Cr}, double-
The dehydration and rehydration property of theAdos-x bridge occurs also in the structure{agtgCr(2,2-bipyidine)-
(H20);]@[AQg2.sCr(ox)s] system described here is inter- (u-0x),(H,O)}2.%?
mediate between that of zeolitic nonmolecular lattices, which
are usually rigid, and robust molecular frameworks such as (9) Fletcher, A. J.; Cussen, E. J.; Prior, T. J.; Rosseinsky, M. J.; Kepert,
Ni(4.4-bipyridine}(NO3)* which undergo flexible intermo- ,, Gc Zmee 16 0 fme A Do el Cnem, Soc. Jp.
lecular scissoring during sorption and desorption of guest 1994 67, 2086-2092.

molecules® This latter system also retains crystal mosaicity (11) Naumov, D. Y.; Virovets, A. V.; Podberezskaya, N. V.; Boldyreva,
E. V. Acta Crystallogr., Sect. @995 51, 60. Eriksson, L.Mater.

during guest losS. Sci. Forum1996 228, 801—806.
(12) Andruh, M.; Melanson, R.; Stager, C. V.; Rochon, Fliiarg. Chim.
(8) Kepert, C. J.; Rosseinsky, M. Chem. Commuril999 375-376. Acta 1996 251, 309-317.
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Experimental Section

Literature preparations were followed fors&r(0x)s(H.0)s.13
NagCr(ox)(H,0)s was prepared similarly, but using NaOH, 850,
H,C,04:2H,0, and CrQ as reactants; its authenticity was confirmed
by comparison of the powder XRD pattern with that expected from
the literature crystal structure (refcode SOXCRPLsCr(ox)s-
(H20)3'° was prepared similarly, but from g30;, H,C,0,.2H,0,
and CrQ. LizCr(ox)s, prepared in solution from LiOH, $C;0,
2H,0, and CrQ, proved difficult to isolate by crystallization from
EtOH:H,0. Therefore, after filtration to remove a small amount of
insoluble matter, it was isolated by removal of the solvent at 60
°C. Anal. Found: Cr, 13.8; Li, 5.5%. Calcd ford€r(ox)s](H-0).:

Cr, 13.9; Li, 5.6%. The hexahydrate 3[€r(ox)s] is known to
undergo ready partial dehydratiéh.

All mixtures containing Ad and [Cr(ox}]3~ were kept in the
dark.

Representative Crystallization Procedure for [MAgos—x-
(H20)3]@[Ag2.5Cr(ox)s]. A solution of AgNG; (0.508 g, 2.97
mmol, in 6 mL water) at ambient temperature was added slowly
down the side of a tilted vial containing a solution of@¢(0x)s-
(H20); (0.485 g, 0.996 mmol, in 6 mL water), with minimal stirring.

1.00 mmol, in 6 mL water). The dark crystals were collected after
2.5 h (yield 0.338 g), washed and dried, and characterized by crystal
diffraction.

Experiment with Excess N&. When a solution of 0.071 g (0.42
mmol) of AgNG; in 1 mL of water was mixed with a solution
containing 0.073 g (0.15 mmol) of Mar(ox)(H20)s in 1 mL of
water, crystals of [NgAgo s-x(H20)3] @[Ag2.sCr(ox)] formed when
the mixture was allowed to stand overnight at room temperature.
When a solution containing 0.072 g (0.15 mmol) of;Ng0x)s-
(H20)s and 0.12 g (1.4 mmol) of NaNQn 1 mL of water was
added to a solution of AgN£X0.071 g, 0.42 mmol) and NaNO
(0.12 g, 1.4 mmol) in 1 mL of water, there was no crystallization
of Ag—Cr(ox); compounds after 5 days at room temperature. At
this time, a white film, possibly Ag,0,, was apparent.

Thermogravimetric measurements were made using heating rates
of 0.2, 1, and 2 deg mir}, from 20°C to 200°C.

Elemental analyses: ICP was used to determine Ag and Cr, and
alkali metals were determined by AA.

Powder XRD data were measured at room temperature on
samples that had been (a) ground only, (b) ground and heated to
100 °C for various times, and (c) heated then, at ambient
temperature, rehydrated at 100% humidity for various times (by

Crystallization of cherry-black blocks commenced immediately. gajjowing the dehydrated sample, in a small open vial, to sit in a
After 2 h these crystals were separated by decantation, washed witharge sealed vial with water in the annulus).

cold water, watermethanol, and then methanol, and then dried
briefly under low vacuum. Yield 0.313 g: a further 0.040 g was

obtained from the mother liquor after 24 h. After several days some

preparative solutions showed evidence of a white film, probably
silver oxalate.

K 0.08A02.0LCr(0x) 3(H20)s. A solution of AgNG; (1.694 g, 9.97
mmol, in 6 mL water) was added with minimal mixing to a solution
of K3Cr(ox);(H20)s (0.488 g, 1.00 mmol, in 6 mL water) at ambient
temperature. After crystallization ifdl h the mother liquor was

almost colorless. The crystals were separated by decantation an

washed with small amounts of cold water and methanol. Yield:
0.582 g. Analysis: Cr 7.6% (calcd 7.6%), Ag 46.1% (calcd 45.8%),
K 0.45% (calcd 0.45%). A sample kept in the ultrahigh vacuum
chamber (6x 1076 bar) of a mass spectrometer lost 7.4% mass
(calcd 7.8%).

Crystallization of Ag3Cr(ox)s(H20)s, 1. A solution of AQNGy
(0.359 g, 2.10 mmol, in 1 mL of water) was slowly added without
mixing to a solution of LiCr(ox);(H20)s (0.067 g, 0.17 mmol, in
1 mL water). Crystallization began immediately, and after 30 min
there was a mixture of black crystals and red solid. The black

crystals were separated, washed with cold water, and characterize

by single-crystal diffraction.

Crystallization of Csg.43A00.04Ag2.5Cr(0X)3](H20)s, 5. A solu-
tion of AQNO; (0.425 g, 2.50 mmol, in 6 mL water) was added
with minimal mixing to a solution of G&Er(ox)(H20)s (0.769 g,

(13) Bailar, J. J. C.; Jones, E. Nhorg. Synth.1939 1, 35.

(14) Bule, N.; Golic, L.; Siftar, JBul. Yugosla Cryst. Centre, Sect. A
1976 11, 41.

(15) Merrachi, E. H.; Mentzen, B. F.; ChassagneuxR&:.. Chim. Miner.
1987, 24, 427-445.

(16) Otsuka, I.; Sekine, A.; Ohashi, Y.; Kaizu, Bull. Chem. Soc. Jpn.
1992 65, 3378-3385.

Crystallography
X-ray data for all five structures were collected at ambient
temperature (294 K) using a Nonius CAD4 diffractometer
with graphite monochromated Mod<radiation ¢ = 0.7107
A). Data were corrected for absorptidand were considered
observed fol > 20(l). The structures were refined aniso-
tropically *® with identical thermal motion being used to
c]dDescribe some of the minor components of the cations.
etails of data collection and refinement are given in Table
1. The crystal packing figures were constructed with Crys-
talMaker®®
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