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Abstract: Reaction of CuX (X = NOs, Cl, (SQy)12) salts and HpymdiX (Hpymo = 2-hydroxypyrimidine;

X = CI, NO3) in aqueous amine solutions (amireNH3, CH3NH) leads to formation of the poorly crystalline
three-dimensional open-framework coordination polymer [Cu(pymo-NZ2]N8)). Under the same reaction
conditions, but in the presence of amine and group 1 metal salts of single charged voluminous anions, highly
crystalline clathrates of the tyggCu(pymo-N1,N3)]-(AX) 1/3t» (1-AX with A = NHy4, CH3NHj3, Li, K, Rb;

X = CIOq4, BF4, PF) are obtained. The X-ray crystal structureleNH,ClO4 reveals that the combination of
square-planar Ctl ion with 120 bond angles provided by Hpymo generates a three-dimensional porous [Cu-
(pymo-N1,N3}]. framework with ammonium and perchlorate ions and water molecules included in the pores.

1 possesses a rich hegjuest chemistry. Indeed ,8orption at 77 K by empty hodtreveals its microporous

nature with a BET surface area of ca. 200 gn'. Hydratedl loses water upon heating and when exposed to
moist air regenerates the original hydrated material. LikeviigéH ,ClO 4 loses ammonia upon heating, giving

the corresponding activated acidic matefigHCIlO 4 which upon exposure to gaseous ammonia regenerates
1-NH4CIO4. In addition, 1 reversibly and selectively sorbs AC|Balts (A= NH,, Li, Na, K, Rb) when
exposed to ACIQ aqueous solutions giving highly crystallidieACIO 4 clathrates. Cl, NOs~, SiRs?~, and

SO~ salts are, however, not taken up. Salt sorption curves are of type V and possess hysteresis loops. This
behavior agrees with the observed guest-induced structure phase change taking platéramtberork after

guest inclusion.

Introduction dimensional porous coordination polymers which possess high
potential as absorbents for gas storage, molecular sieving,
chemical sensing, and cataly$is.Some of these open-
|framework solids are structurally and functionally related to
zeolites and other inorganic microporous matefdaf®olites

and related inorganic materials generally combine microporosity
with high thermal stability but are much more difficult to modify
and derivatize in a systematic way than coordination polymers.
In addition, the flexibility of coordination frameworks and the
different electronic nature of pores confer novel properties on
(1) See e.g.: (a) Lehn, J. Nbupramolecular Chemistry: Conceptsand  these new materiafs.The development of selective anion

Perspecties VCH: Weinheim, 1995. (b) Lenninger, S.; Olenyuk, B.; Stang, . . .
P. J.Chem. Re. 2000 100, 853. (c) Pecoraro, V. L Stemmier, A. J.;  Sequestering agents, especially in polar solvents such as water,

Gibney, B. R.; Bodwin, J. J.; Wang, H.; Kampf, J. W.; Barwniski,Rog.

One of the goals of contemporary science is the molecular
design of materials to achieve specific properties. Very suc-
cessful approaches are molecular architecture and crysta
engineering. Within these two fields a combination of metal
ions with organic ligands has been shown to be very fruitful in
building discrete molecular polygons and polyhédras well
as highly defined one-, two-, and three-dimensional polyr#iers.

A very interesting group of compounds are two- and three-

Inorg. Chem 1997, 45, 83. (d) Navarro, J. A. R.; Lippert, ECoord. Chem. (5) (@) Evans, O. R.; Xiong, R.-G.; Wang, Z.; Wong, G. K.; Lin, W.
Rev. 1999 185 653. Angew. Chem., Int. Ed. Endl999 38, 536. (b) De Munno, G.; Julve, M.;
(2) (a) Schnebeck, R.-D.; Freisinger, E.; Glake Lippert, B.J. Am. Nicolo, F.; Lloret, F.; Faus, J.; Ruiz, R.; Sinn, Engew. Chem., Int. Ed.
Chem. Soc200Q 122 1381. (b) Scherer, M.; Caulder, D. L.; Johnson, D.  Engl. 1993 32, 613.
W.; Raymond, K. N.Angew. Chem., Int. Ed. Engl999 38, 1588. (c) (6) (a) Keller, S. W.; Lopez, SI. Am. Chem. S0d999 121, 6306. (b)
Takeda, N.; Umemoto, K.; Yamaguchi, K.; Fujita, Mature 1999 398 Keller, S. W.Angew. Chem., Int. Ed. Endl997, 36, 247.
794. (d) Habereder, T.; Warchhold, M.; thoH.; Severin, KAngew. Chem., (7) (a) Eddaoudi, M.; Li, H.; Yaghi, O. MJ. Am. Chem. So200Q
Int. Ed. Engl.1999 38, 1588. (e) Lahav, M.; Gabai, R.; Shopway, A. N.; 122 1391. (b) Li, H.; Eddaoudi, M.; O’Keeffe, M.; Yaghi, O. MNature
Willner, 1. Chem. Commuril999 1937. 1999 402 276. (c) Kondo, M.; Okubo, T.; Asami, A.; Noro, S.-l;
(3) Some recent reviews: (a) Hagrman, P. J.; Hagrman, D.; Zubieta, J. Yoshitomi, T.; Kitakawa, S.; Ishii, T.; Matsuzaka, H.; Seki, Kngew.
Angew. Chem., Int. Ed. Endl999 38, 2638. (b) Janiak, CAngew. Chem., Chem., Int. Ed. Engl1999 38, 140. (d) Chui, S. S.-Y.; Lo, S. M.-F;
Int. Ed. Engl.1997, 36, 1431. (c) Kitagawa, S.; Kondo, MBull. Chem. Charmant, J. P. H.; Orpen, A. G.; Williams, |. Bciencel999 283 1148.

Soc. Jpn1998 71, 1739. (d) Yaghi, O. M.; Li, H.; Davis, C.; Richardson,  (e) Fujita, M.; Kwon, Y. J.; Washizu, S.; Ogura, K. Am. Chem. Soc.
D.; Groy, T. L.Acc. Chem. Re4998 31, 474. (e) Blake, A. J.; Champness, 1994 116, 1151. (f) Soldatov, D. V.; Ripmeester, J. A.; Shergina, S. |.;

N. R.; Hubberstey, P.; Li, W.-S.; Withersby, A.; Schroeder, Ghord. Sokolov, I. E.; Zanina, A. S.; Gromilov, S. A.; Dyadin, Y. A. Am. Chem.
Chem. Re. 1999 183 117. Soc.1999 121, 4179.

(4) (a) Masciocchi, N.; Ardizzoia, G. A.; La Monica, G.; Maspero, A,; (8) See e.g.: (a) Mier, U. Angew. Chem., Int. Ed. End100Q 39, 502.
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Scheme 1. Assemblies Generated by Combination of 120

Bond Angles Provided by a Pyrimidine Derivative with

Metal Entities Possessing 90a) and 180 (b) Bond Angles

or Square-Planar Geometry {c)

o U
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in a 1:2 ratio in aqueous amine solutions (amireNHs,
CHsNH,) produced a purple poorly crystalline solid of composi-
tion [Cu(pymo}]-2.25H0 (1). Its low solubility in common
solvents and its spectroscopic properties pointed to a polymeric
material (see Supporting Information). Applying the same
synthetic procedure but in the presence of amine and group 1
metal salts of singly charged voluminous anions (£1@F,,
PFR™), highly crystalline materials of the type [Cu(pyrap)
(AX) 1/3'(H20)4/3 (1‘AX with A = Li, K, Rb, CHSNH3, NHyg;
X = ClO,, BF4, PK;) were obtained. X-ray powder diffracto-
grams proved that this set of compounds is isomorphous.
Crystal Structure of 1-NH4CIO4. The crystal structure of
1-NH4CIO4 has been solved by X-ray crystallography. This
compound crystallizes in a highly symmetric space group of
the cubic system, nameBn3m. Its structure consists of a three-
dimensional porous coordination [Cu(pymo-N1,p3network

a with ammonium and perchlorate ions and water molecules
included in the pores. The €u centers are located in the
intersection of three crystallographic binary axes, whereas a
ﬂ symmetry plane intersects the pymo entities through 02, C2,
and C5 atoms. The [Cu(pymo-N1,NB) framework is gener-
ated by distorted square-planar®uons coordinated to four
nitrogen donor atoms of four different pymo moieties, each one
symmetrically bridging two copper centers (Figure 1a). In this
@ way, tetranuclear and hexanuclear molecular boxes analogous
M to calix[nlarenes f§ = 4, 6) along with planar hexanuclear
U molecular hexagons are generated (Figure 1b,c). The three
7 structural motifs interlock to give a highly symmetric three-
qan dimensional framework that acts as a host for,8KD, (Figure
2). This result confirms that simple pyrimidine derivatives are
ideally suited for applying the principles of molecular archi-
is particularly interesting due to their possible use in ameliorating tecture and crystal engineering to build complex structtft&s!4
the environmental impact of anio&This task has not yet been The [Cu(pymoj]. framework in1-NH4CIO4 can be consid-
achieved with any degree of success, especially if we compareered an open structure. It accounts only for approximately 80%
the supramolecular chemistry of catiofis? of the total volume of the unit cell, the remaining 20% being
We have previously applied the principles of molecular intracrystalline pore volume that is filled with ammonium and
architecture to build metallamacrocycles analogues to calix[4]- perchlorate ions and water molecules. The pores form a
arene$*'3 by combining a metal entity with 90bond angles  diamondoid network. The pores o8.1 A diameter are defined
and simple pyrimidine derivatives. In the same way, we have py planar [C¢(pymo)] molecular hexagons and contain an
also obtained molecular hexagéhby using linearly coordi-  ammonium cation and two water molecules. Each of these pores
nated metal ions (Scheme 1). In the present work, we extendggnnects two cavities of~14 A diameter in which two
these principles to crystal engineering by simultaneously com- perchiorate anions are included (see Figures 1 and 2). The anions
bining the above-mentioned geometries, using highly coordinat- play a very important role in the structure stabilization (see
ing “naked” C# ions and a symmetric pyrimidine derivative below)15 It seems that anion guests have to fulfill some
(Scheme 1). In this way, tetranuclear and hexanuclear StrUCturalprerequisites with respect to charge and size. They have to
motifs are generated which interlock with each other to build a possess three H-bonding acceptor groups in a suitable
three-dimensional porous framework. The noncharged open-cqnfiqration to interact with two water molecules and an
framework generated in this way possesses an unprecedented . oi\m cation in the [Gpymo)] hexagon plane (Figure

affinity for salts of CIQ~, BF4~, and Pk~ anions. 1b). Neither Ct nor NO;~ fulfill this requirement. In the case

of SO~ and SikZ~, which possess suitable geometries, it seems
that their higher charge with the consequent higher hydration
energy® precludes incorporation. ClO, BF,~, and Pk~ display

the proper geometry and lower polarity that favor inclusion.

(10) (a) Sfriso, A.; Pavoni, BEnviron. Technol 1994 15, 1. (b) Betts, The structural role played by protonated amines is also very
K. S. Environ. Sci. Technol200Q 34, 245A. important and putd in a close relation to zeolites for which

(11) (a) Navarro, J. A. R.; Janik, M. B. L.; Freisinger, E.; Lippert, B. i ; i i i
Inorg. Chem 1999 38, 426 (b) Staffilani, M.. Hancock. K. S. B. Steed, size an(g?;m of organic amines determine the resulting porous
J. W.; Holman, K. T.; Atwood, J. L.; Juneja, R. K.; Burkhalter, R.JS.  Structurex
Am. Chem. Sod 997, 119, 6324.

(12) (a) Black, C. B.; Andrioletti, B.; Try, A. C.; Ruiperez, C.; Sessler,
J. L.J. Am. Chem. S0¢999 121, 10438. (b) Beer, P. D.; Shade, hem.
Commun.1997 2377.

(13) (a) Navarro, J. A. R.; Freisinger, E.; Lippert,IBorg. Chem200Q
39, 2301. (b) Navarro J. A. R.; Salas, J. @hem. Commur200Q 235. (16) Schmidtchen F. P.; Berger, Mhem. Re. 1997 97, 1609.

(14) Navarro, J. A. R.; Freisinger, E.; Lippert, Biorg. Chem.200Q (17) (a) Rao, C. N. R.; Natarajan, S.; NeerajJSAm. Chem. So200Q
39, 1059. 122 2810. (b) Bu, X.; Feng, P.; Stucky, G. Bciencel997 278 2080.

a Metallacalixjp]arene 6 = 4, I; 6, 1 ); molecular hexagonllf ).

Results and Discussion

The reaction of CuX salts (X= CI, NOs, (SQy)1/2) with
HpymoHX (Hpymo = 2-hydroxypyrimidine, X= Cl, NOs)

(15) (a) Hasenknopf, B.; Lehn, J.-M.; Boumediene, N.; Dupont-Gervais,
A.; Van Dorsselaer, A.; Kneisel, B.; Fenske, D.Am. Chem. S0d.997,
119 10956. (b) Campos-Femdez, C. S.; Clarc, R.; Dunbar, K. RAngew.
Chem., Int. Ed. Engl1999 38, 3477.
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Figure 2. Stereoscopic view of the three-dimensional [Cu(pyij0)
framework including perchlorate, ammonium, and water guests.
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Figure 3. Thermal behavior of the hydratddramework (a) and water
sorption at 25°C by anhydrousl when exposed to moist air (b).

Sorption Behavior of 1. Single-crystal X-ray analysis on
1-NH4CIO4 (see above) revealed that a well-structured network
of pores (occupied by ammonium perchlorate guests) accounts
for about 20% of the volume of the crystal. X-ray powder
diffraction shows that all-AX adducts are highly crystalline
and isomorphous whereas emptydisplays a much lower
crystallinity and a slightly different structure. These facts
prompted us to test the microporous naturé ehd the possible
interconversion processes to the correspondifg< adducts.

(@) Gas sorption: The porous nature oflL. has been

Figure 1. We show (a) the basic building block that generates the investigated by means ofNsorption at 77 K (see Supporting

three-dimensional framework lNH4CIO; (b) the molecular hexagon

interlocking with a tetranuclear molecular box (in addition, extensive

H-bonding interactions between two water molecules, an ammonium
cation, a perchlorate anion, and six O-pymo are also shown); and (c)
a view of the structural motif analogous to a calix[6]arene. Such a motif

Information). The sorption isotherm is of type | agreeing with
a microporous material since all pores are filled even at the
lowest pressure value studigd/P, = 0.1). Applying the BET
method® we obtain a surface area of ca. 208 gi’. Another

is placed in the confluence of 6 planar molecular hexagons related by Proof of the microporous nature dfis the reversible loss of

—3msymmetry operations. GtN1 1.988(5) A, N--Cul-N1A 170.7-
(3)°, N1-Cul-N1B 89.8(3).

water. Thus, thermal analysis of hydrateshows a dehydration
process taking place in the 5@40°C temperature range (Figure
3a). The material is stable up to 28C. Upon exposure of

It should be noted that there are only very few examples of anhydrousl at 25 °C to moist air, original hydrated is
three-dimensional structures generated by reaction of simpleregenerated (Figure 3b)._XRPD shows that the water exchange
pyrimidine derivatives with naked metal ions. One of these rare process is not responsible for any structural changel.in

examples is the acentri¢[Cu(pyrimidine-N,N3);]"}. (16)

Similarly, 1-NH4ClO4,2° upon heating at 108C for 24 h, loses

frameworke? which resembles feldspar aluminosilicate miner- ammonia to give an activatedHCIO 4 acidic material (Figure

als'® and possesses large voids filled with BFanions. In

4). This process is also reversible, and whéClO 4 is exposed

addition, it is also interesting to note the uncharged nature of t0 gaseous N it regenerates-NH,CIO.. This behavior gives
the 1 framework which contrasts with most polymeric networks 1 & close analogy to zeolites for which removal of protonated

build by nitrogen donor organic ligantiand, surprisingly, is
still able to enclathrate polar guests such as,Gl,.

(18) Griffen, D. T.Silicate Crystal ChemistryOxford University Press:
New York, 1992.

(19) Brunauer, S.; Emmet, P. H.; Teller, E.Am. Chem. S04.938 60,
309.

(20) N, sorption studies at 77 K prove thtNH4CIO4 does not behave
as a porous material as a consequence of presence of f@0Uguest in
1 pores.
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Figure 4. Host-guest chemistry ot toward NH,CIO,. Freshly prepared emptly(a) and1-NH4ClO, (b). 1-NH4CIO,4 loses NH upon heating at

100°C to give1-HCIO, (c): we observe a slight lose of crystallinity but no phase change (line broadening in powder diffractogram) and slight

changes in IR (broadening of some bands and apparition of a new band at 1490 iCIO 4 upon exposure to NHvapors regeneratels
NH,4CIO,4 (d). 1-NH4CIO4 when exposed to deionized water loses,8KD, guests with a concomitant phase change to dige). Finally, when

1is exposed for 48 h to a 0.1 M NBIO, solution it gives1:NH4CIO..

organic amines results in the formation of the corresponding
activated acidic material along with formation of large vdids.

(b) Amine and group 1 metal salts sorption:We have found
that formation of thel framework in aqueous ammonia solutions
in the presence of group 1 metal perchlorate salts yields either
pure 1:-MCIO 4 or mixed 1:-M«(NH4):—xClO4 clathrates.1-
LiCIO 4 is obtained as a pure material with all its voids being
occupied by LiCIQ. With M = Na*, K*, and RI, we obtain
mixed enclathration of MCIQ and NH,CIO, salts with ap-
proximately 50% occupancy for Kand Rb™ whereas Na
occupancy is only~10%. Under the same conditions "Cis

not taken up and the same happens with group 2 metals and

lanthanide perchlorates.

We have also studied the sorption properties of previously
isolated1 with amine and group 1 metal perchlorate salts and
found that the emptyl framework when exposed to ACIO
aqueous solutions for ca. 48 h gives the corresponthAGIO 4
clathrate with a concomitant structure phase change (Figure 4).
NH4, LiT, Na", K*, and Rb salts are taken up, yet €Css
not. Salt inclusion byl follows a type V sorption isotherm with
a hysteresis lodp (Figure 5). This type of behavior is typical

takes place (Supporting Informatiof)The dynamic structure
exhibited byl is typical behavior of a third-generation porous
solid following the Kitagawa classificatiott. The affinity of 1
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Figure 5. Sorption isotherms data at 298 K fbwith group 1 metal
perchlorate salts: LiClg(a); NaClQ (b); KCIO, (c); and RbCIQ (d).
Open symbols indicate desorption. It should be noted that in the case
of RbCIO, only partial occupancy is achieved, which may be due to

the greater size of Rb
of a sorption process for which a guest induced transition phase

through the metal second sphere of coordination (Scheme 2).
In addtion, we have performed additional studies of competitive
salt sorption and found that 50 mM LICIKCIO,4, and RbCIQ

for group 1 metal salts does not follow the expected ionic radii facilitate NaClQ incorporation. We presume that the guest

trend but Li* > K* > Rb" > Na* > Cs". We think this result
should be related to their differences in hydration enerffies.
Thus, while hydrated i and Na might diffuse through the
pores, K and R ions which possess a lower hydration energy
might diffuse unhydrated. Nevertheless, we presume that alkali
cations will not directly bind to exocyclic pymo O-donor atoms
but they will interact through multiple H-bonding interactions

(21) Brunauer, S.; Deming, L. S.; Demings, W. E.; Teller,JEAm.
Chem. Socl194Q 62, 1723.

(22) Brunauer, S.; Copeland, L. Handbook of PhysicsCondon, E.
U., Odishaw, H., Eds.; McGraw-Hill: New York 1997; pp 5:96.115.

(23) Marcus, Y.J. Chem. Soc., Faraday Trans991 87, 2995.

induced phase change found Irmakes the sorption process
cooperative.

Conclusions and Outlook

The framework of compouni possesses a close structural
and functional analogy to zeolites and other open-framework
inorganic materials. It should be noted that guest removal does
not imply framework collapse but a structural change to a porous
material. It is also interesting to note the uncharged character
of the 1 framework, which differs considerably from previous
examples of metallorganic frameworks containing nitrogen



Guest Inclusion by a Zeolite Analogue Coordination Polymer J. Am. Chem. Soc., Vol. 123, No. 333001

Scheme 2. Postulated Molecular Recognition of Hydrated Instruments. Thermogravimetric analyses were performed on
Group 1 Metal Cations by Means of Extensive H-Bonding Schimadzu-TGA-50H equipment in the presence of a reactive atmo-
Interactions with the Planar Molecular Hexagong@ymo)s sphere of air. Magnetic susceptibility measurements were performed
Structural Motif on polycrystalline samples with a quantum design MPMS-2SQUID
- magnetometer operating in the range-2300 K at 10000 G. X-band
, r} EPR spectra on polycrystalline samples were measured at room
Cu/N\ N I temperature on a Brucker 300E instrument operating at a frequency of
xy—" N 9.79 GHz. Electronic spectra on crystalline samples were carried out
/ N ‘ Cu
o on a Varian Cary UV-vis—NIR spectrophotometer. Powder X-ray
N
N o HQ / NN diffractograms were performed on a Philips PW1000 diffractometer
4
cu H Ilo M\\\\\\\\“" el - using Cu Ku radiation ¢ = 1.54018 A).
R |
/‘ o2 Gas and Salt Sorption. AN, sorption isotherm for anhydrous
=N Ox" I/ (0.115 g) was performed on automatic Quantachrom Quantasorb Jr.
Cu equipment at 77 K, using three different:Ne mixtures (1:9, 2:8, 3:7).
\ 7/ l . ; e
N ’lj*zo ~~~~~~~ / The sample was previously dried by heating it at 373 K oz athéam.
\ - Water sorption by anhydrouswas studied by means of a Schimadzu-
c N

sorption isotherms were studied at 25 in water solution (50 mg of
1in 50 mL of solution) with the equilibrium being reached at 48 h of
— exposure to metal salt solutions. The group 1 metal concentration on

d i ds. b hel . il ble of selectivel the 1 framework was determined by means of atomic emission on an
onor ligands, but nevertheless Is still capable of selectively acetylene flame and using the Cu concentration on the samples as the

include highly polar guests. We think that thieframework internal standard on Perkin-Elmer Aanalyst 100 equipment.
exhibits high potential for perchlorate salt removal in polluted X-ray Analysis. Crystal data fof (Cu(pymo})s-NHaCIOs4H,0} .

waters. We vv_iII _cpntinue_ us_ing th(_e simple _combinat_ion of (1-NH,CIO.) at 295(2) K: CuClCaHzoN1501s, M = 950.66, purple
symmetric pyrimidine derivatives with metal ions of diverse cypes, 0.15x 0.15 x 0.15 mni, cubic, space grouPn3m, a =

stereochemistries to pursue new examples of polygons and three1s 7600(3) A,V = 3914.4(1) & Z = 4, peaca = 1.613 g cm?, Mo
dimensional porous materials, and study the effect of anions aska radiation ¢ = 0.71069 A)x = 1.76 mnt, minimum (maximum)

|{ o , / TGA-50H thermobalance employing an isothermal program. Salt
—< —N_/

template agents. transmission 0.44 (0.77), absorption corrected, Stoe STADI4 system
) _ (293 K), 5557 reflections measured, 879 unique, 514 ®ith> 40(F?)
Experimental Section were used to refine 60 parameters Ré (WR2) = 0.065 (0.191),

GOF = 1.083, and highest peak in difference map1.10 eA3

and converted to the corresponding HN&@iduct by anion exchange. Structure solution was by direct methods and was refined~oim

o724 i ) . . .
Caution! Perchlorate salts are potentially explosive and should be used SHELX-97% All non-hydrogen atoms were refined anisotropically with
in small quantities. the exception of perchlorate oxygens, water molecules, and ammonium

Preparation of [Cu(pymo);]-2.25H0 (1). An aqueous amine ions. The perchlorate anion was disordered in two positions yvith half
solution (30 mL of RNH:H,O 2:8; R= H, CHs) containing Cu% (1 occupancy each. As a result of the high sy_mr_netry, ammonium ions
mmol) and 2-Hydroxypyrimiding4X (2 mmol, X = CI, NO) gives a and water mole_cules Werg .found to be dlstrlbu_ted respectlvely in
dark purple solid, after leaving the solution in open air for 1 day (pH 8 and 12 equivalent positions. Crystallographic data (excluding
9.5). Yield 95%. Anal. Calcd for CuBl108N4Ou5 C, 32.65; H, 3.60; structure factors) for the structure reported in this paper have been
N, 19.04; Cu, 21.59. Found: C, 32.5; H, 3.3; N, 19.1; Cu, 22.3-Uv  deposited with the Cambridge Crystallographic Data Centre supple-
vis (cnmY): 18900. EPR:giso = 2.05. mentary publication no. CCDC-142804. Copies of the data can be

Preparation of [Cu(pymo)s]-(RNH3X)o.332 (H20)1.333 (1-RNH5X). obtained free of charge on application to CCDC, 12 Union Road,
Following the same procedure used for the synthesisaft with the Cambridge CB21EZ, UK (Fax:444)1223-336-033; E-mail: deposit@
addition of CuX (X = ClO,, BFs, PRy) or (NMey)BF, salts (1 mmol) ccde.cam.ac.uk).
dark purple crystals df-RNH3X (RNH, = NH3, CH:NH,) are obtained
within 1 day.1-NH,CIO.: Yield 73%. Anal. Caled for CuGlaLCe- Acknowledgment. The Ministerio de Educatioy Cultura
g&ﬁfﬁ%f% Cigstl):?z:zﬂ '1’030'1%\5{3 1(2%51)0;9 125%0‘;3';9;:i €. (Project PB97-0786-CO1) and the Conserjeria de Ed(inagio
2'6529” = '2.71.1,-NH.4B’F4: Vield 15%. Anal. Calcd for (':u&&":llm Ciencia of thr_e Junta de Andalucia (Project FQM-O_195) _have
CgH1oN4 3303335 C, 30.73: H, 3.22: N, 19.41. Found: C, 30.1; H, Supported this research. J.A.R.N. thanks the Un|VerS|ty of
3.3; N, 19.4. U\-vis (cnT?): 18900. EPR:giso = 2.08.1:NH4PFs: Granada for a research contract. L.C.T. thanks the Alfa Program
Yield 27%. Anal. Calcd for Cufszd2CsH10N43303333 C, 29.28; H, (PI‘OjeCt 7'0064'9) for a fe||0WSh|p
3.03; N, 18.56; Cu, 19.14. Found: C, 29.3; H, 3.0; N, 18.3; Cu, 20.1.

UV—vis (cn?): 19300. EPR:gis, = 2.05.1-CH3NH3CIO,: Yield - . P . - .
56%. Anal, Calcd for CUGhsCs sxbo ssMs 5O 1. C, 32.02: H, 3.12: Supporting Information Available: Figures showing the

N, 19.41. Found: C, 32.1: H. 3.3: N. 19.3. magnetic behavior df and1-NH4CIO,4 versus the temperature,

Preparation of 1-MCIO . Following the same procedure used for XRPD diagrams of intermediate species in the salt sorption
the synthesis of but with additional presence of MCIGM = Li, K, processes, andzsorption at 77 K of anhydrous tables listing
Rb) salts (1 mmol), dark purple crystalsMCIO , are obtained within atomic coordinates, temperature factors, bond lengths and angles,
1 day. With M= K, Rb compounds contaminated with ammonium and details of refinement of the X-ray crystallographic data for
salts where always obtainet::LiCIO 4: Yield 85%. Anal. Calcd for compound1-NH,4ClO,4 (PDF). This material is available free

CuLio.saCloasdCeH7.3:NOuse C, 30.68; H, 2.79; N, 17.89. Found:  of charge via the Internet at http:/pubs.acs.org.
C, 30.4; H, 2.8; N, 17.91-KCIO 4 Yield 74%. Anal. Calcd for

CuKo.166Clo.33CeHs 66416604333 C, 30.49; H, 2.72; N, 18.37. JA002624A

Found: C, 30.1; H, 2.7; N, 18.3-RbCIO4: Yield 69%. Anal. Calcd

for CuRD 1661Clo.338CsHo 33N 416604667 C, 29.28; H, 2.87; N, 17.79. (24) Sheldrick, G. MSHELXL97 Program for the Refinement of Crystal
Found: C, 29.2; H, 2.8; N, 18.0. Structures University of Gdtingen: Gitingen, Germany, 1997.

Materials. 2-HydroxypyrimidineHCI was purchased from Aldrich




