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Single-crystal-to-single-crystal transformations have received
considerable interest in crystal engineering. However, only limited
examples are known since crystals can hardly retain single
crystallinity after the solid-state rearrangement of atémsviost
of the reported cases involve the dimerization or polymerization
of unsaturated moleculsr guest exchange of porous materfafs.
While retainable host frameworks are important for porous materi-
als? structural transformations of the frameworks triggered by guest
exchange or physical stimulus are more interesting as such materials
may serve as the next generation of porous materials, and different
types of transformations, including sliding of layers and breathing
of 3D networks, have been known. However, transformation of
the network connectivity or physical stimulus-induced transforma-

tion is hitherto unknown for a porous coordination polyrher. Fi 1 Vi ¢ 2 single Ad(at ¢ (ami itted f

In our systematic investigation of the chemistry of metal igure 1. Views of a single Ag(atz) net (amino groups are ornitted for

Y g y clarity) along thec-axis (left) and a#-Ag)a(us-Cl) chain in1 (right).

triazolates involving in situ generation of the 3,5-disubstituted-1,2,4-
triazolates from organonitriles, ammonia, and Cu(ll) saltse sideration, we estimate the diameters of these channels to be ca.
extended our attention to monosubstituted 1,2,4-triazoles, such as3-5 A and the guest accessible volume to be ca. 32.7%.
3-amino-1,2,4-triazole (Hatz). Slow evaporation of an ammonia  Tetragonall can be transformed to orthorhomtit (Fddd) at
solution of Hatz and AgCl gave colorless needlelike crystals of 103 K. The amino groups were still 2-fold disordered, and the net
[AgeCl(atz)JOH-6H,0 (1) in 80% vyield. The formula ofl was connectivity remained unchangedlif but the channels are slightly
confirmed by the results of microanalysis, TGA, X-ray crystal- glliptical (ca. 7.8 Ax 9.2 A). The most significant structural chgnge
lography, and the control experiment (over 70% yield) by using 'S thatthe Ag squares (Ag-Ag 3.575 A) in the Ag(atz) subunits
Hatz/AgO/AgCI in a molar ratio of 8:5:2. of 1 are deformed into Agrhombi (Ag+-Ag 3.591 A Ag--Ag:

X-ray analysiéat 293 K reveals a linear and a bent 2-coordinated *“A9 79-7 and 100.3 in I'. Hence, the ’uniform Ag-Cl interactions
Ag' atom, as well as as-atz ligand in1. Similar to a porous n 1aie split into tWO.dIStlnlCt types ui: (Ag---Cll 3.242 and 2.863
coordination polymer [ZnF(atz)juest?® the amino group irl is A). Single-crystal diffractions of different single crystals of

also 2-fold disordered by virtue of the crystallographic requirement indicated that the tetragonal cell could be derived down to 240 K.
As the temperature was further decreased, no cell parameters could
(Iéil/amc). The Ag;_(atz)z framework represents a 3-conne9ted 4.14 be determined over a temperature range of-2420 K, although
Egﬁi:ﬁ;;ﬁ%ﬁg:;&iﬁ ?15et3i202?(;ﬁtetdh22d§|? @(aAr:;d‘)jAsglg:r?iz the sharp and strong diffractions were observed. Notably, the
' 19 9 cycligl 5 rthorhombic phase could only be obtained after decreasing the
as flattened tetrahedral nodes and the remaining linearly Coordmate(femperature to 103 K for ca—al0 h. Whenl' was heated from
Ag' ions as linker$)(Figure 1). The Ag(atz) nets are parallel 5-fold ' :

. . . ) 103 to 293 K, it slowly transformed back tb Therefore, the
interpenetrating along the-axis and closely interlocked to each transformation between single crystalslo&nd 1’ were slow and
other, furnishing short inter-net AgAg contacts (3.450 A) and

) . i ) reversible. Although accurate determination of the transition
even shorter inter-netr—x interactions (3.244 A). It is very

; ) . temperature failed using low-temperature PXRD technique because
interesting that the chlorides are embedded between th@ixy the PXRD patterns ol and 1’ are only slightly different, low-

subunits of adjacent Agatzp networks, finishing infinite 4-Ag)s- temperature DSC analysis did show a reversible transformation in
(us-Cl) chains (Ag-+Cl 3.060 A) running along the-axis. In other the temperature range of 22060 K.

words, the 5-fold interpenetrating A@z), nets are cross-linked TGA revealed that could lose all HO guests above 375 K and
by the weak Ag-Cl bonds to a single network i The {-Ag).- did not show further weight lost until 580 K. could also readily
(us-Cl) chains are constructed by face-sharings(igCl) cubes, lose water in dry air. However, the PXRD pattern of the desolvated

such an extended #us-halide) structure has not been reported so product was different from that df. Fortunately, we were able to
far, though few discrete halide-centereg ddibic clusters are known  determine the crystal structure of the partially desolvated product
to exhibit unusual bonding characteristicalthough 1 represents [AgeCl(atz)y]-OH-xH,0 (2, x < 2) at 293 K by placindL in a very

the highest level of interpenetrated £ 14éts and its openings along  slow stream of dry air or heating at 375 K for 3 h, and it was

the a- andb-directions are fully occupied, there are still large 1D found that a better crystal data set could be obtained by the former
columned channels in treedirection, accommodating the disordered method.2 possessed a new tetragonal structui?4ng),” whose
HO~ or H,O guests. Taking the van der Waals radii into con- crystal cell was related to the reduced celllodind1'. The linear
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Figure 2. Interconversion of the [AgCl(atz)] host of 1, 1', and2 (amino
groups and guests are omitted for clarity, 1D channels are highlighted as
yellow columns).

Ag' coordinations in botll and1’ are now bent ir2, forming weak
interactions (Ag+-O 2.719 and 2.823 A) to the disordered HEr
H,0 guests. The guest accessible volumg isfreduced to 25.2%,
and the 1D channel is now very elliptical (4.3 A 10.4 A).
Although the host framework d? is dramatically distorted from
that of 1, the 4.14 topology of the Ag(atz), net is retained with

similar  structural  parameters  (AgAg 3.552 A,
Ag-+-Cl 3.053, 3.070 A) of the infinite Agug-Cl) chain. However,
the Ag(atzy nets in 2 now exhibit 6-fold interpenetration!
Obviously, the transformation dfto 2 requires not only distortion

of the nets but also Agligand bond cleavages and formations.
On the basis of the structural relationship betwédeand 2, we
reasoned that this rearrangement should occur at the linééomsy

of 1, and the OH or H,O guests may coordinate to these' ks

to form intermediate structures (see Supporting Information for
details). Upon exposure to saturated water vapor for 1 day, powder
2 could give the PXRD pattern df. Single crystals o2 could
also be reversely converted back to single crystalg, dhough
only the crystal cell ofl could be determined. Meanwhile, no
temperature-induced phase transition was observe@ fatr low
temperature.

In conclusion, the nanoporous material exhibits unprecedented
temperature-induced structural transformation and guest desorption/
absorption-triggered 3D net rearrangements between 5- and 6-fold
interpenetrations.

Acknowledgment. This work was supported by NSFC (No.
20131020), Guangdong Provincial Science and Technology Bureau
(No. 04205405), and MOE of China.

Supporting Information Available: Additional figures and X-ray
crystallographic files in CIF format. This material is available free of
charge via the Internet at http://pubs.acs.org.

References

(1) (a) Ranford, J. D.; Vittal, J. J.; Wu, D.-@ngew. Chem., Int. EA.998
37,1114-1116. (b) Ranford, J. D.; Vittal, J. J.; Wu, D.-Q.; Yang, X.-D.
Angew. Chem., Int. Ed1999 38, 3498-3501. (c) lordanidis, L.;
Kanatzidis, M. G.Angew. Chem., Int. E200Q 39, 1928-1930. (d)
lordanidis, L.; Kanatzidis, M. GJ. Am. Chem. So200Q 122 8319-
8320. (e) Vittal, J. J.; Yang, X.-DCryst. Growth Des2002 2, 259—
262. (f) Hu, C.-H.; Englert, UAngew. Chem., Int. E@005 44, 2281~
2283.

(2) (a) Toh, N. L.; Nagarathinam, M.; Vittal, J. Angew. Chem., Int. Ed.
2005 44, 2237-2241. (b) Ouyang, X.; Fowler, F. W.; Lauher, J. \W.
Am. Chem. Soc2003 125 12400-12401. (c) Papaefstathiou, G. S.;
Zhong, Z.; Geng, L.; MacGillivray, L. RJ. Am. Chem. So2004 126,
9158-9159.

(3) (a) Lee, E. Y.; Suh, M. PAngew. Chem., Int. EQ004 43, 2798-2801.
(b) Su, C.-Y.; Goforth, A. M.; Smith, M. D.; Pellechia, P. J.; zur Loye,
H.-C.J. Am. Chem. So@004 126, 3576-3586. (c) Li, H.-L.; Eddaoudi,
M.; O'Keefe, M.; Yaghi, O. M.Nature1999 402 276-279.

(4) (a) Biradha, K.; Hongo, Y.; Fujita, MAngew. Chem., Int. E002 41,
3395-3398. (b) Zeng, M.-H.; Feng, X.-L.; Chen, X.-NDalton Trans.
2004 22172223. (c) Wu, C.-D.; Lin, W.-BAngew. Chem., Int. Ed.
2005 44, 1958-1961. (d) Biradha, K.; Fujita, MAngew. Chem., Int.
Ed. 2002 41, 3392-3395. (e) Halder, G. J.; Keppert, C.J.Am. Chem.
So0c.2005 127, 7891-7900. (f) Maji, T. K.; Uemura, K.; Chang, H.-C.;
Matsuda, R.; Kitagawa, $A\ngew. Chem., Int. E@004 43, 3269-3272.
(g) Hanson, K.; Calin, N.; Bugaris, D.; Scancella, M.; Sevov, SJC.
Am. Chem. So004 126, 10502-10503.

(5) (a) Kitagawa, S.; Kitaura, R.; Noro, 8ngew. Chem., Int. EQ004 43,
2234-2275. (b) Kitagawa, S.; Uemura, KChem. Soc. Re 2005 34,
109-119 and references cited therein.

(6) (a) Zhang, J.-P.; Zheng, S.-L.; Huang, X.-C.; Chen, X Avigew. Chem.,

Int. Ed. 2004 43, 206-209. (b) Zhang, J.-P.; Lin, Y.-Y.; Huang, X.-C;

Chen, X.-M.J. Am. Chem. So@005 127, 5495-5506. (c) Zhang, J.-P.;

Lin, Y.-Y.; Huang, X.-C.; Chen, X.-MChem. Commur2005 1258~

1260.

Crystal data fofl [AgeCl(atz)]-OH-6H,0: 293(2) K, tetragondk;/amd

a=29.601(4) Ac=3.4496(3) AV =13022.5(5) B, Z=4,D. = 2.505

g cm 3, final Ry = 0.0507 ( > 20), wR, = 0.1318 (all data)S= 1.006;

1' [AgeCl(atz)]-OH-6H,0: 103(2) K, orthorhombié¢-ddd a = 3.4099-

(2) A, b=139.805(3) A,c = 43.607(3) AV =5918.9(7) B, Z= 8, D,

= 2.559 g cm?, final Ry = 0.0668 { > 20), wR, = 0.1677 (all data)S

= 1.034; 2 [AgeCl(atz)]-OH-2H,0: 293(2) K, tetragonaP4n2, a =

19.598(2) A.c = 3.5015(4) AV = 1344.8(2) B, Z=2,D. = 2.638 g

cm-3, final Ry = 0.0879 ( > 20), wR, = 0.2493 (all data)S = 1.022

using TWIN instruction of SHELXTL. Cell parameters for the fully

dehydrated sample & a = 19.358(2) A,c = 3.513(2) A.

(8) Blatov, V. A.; Carlucci, L.; Ciani, G.; Proserpio, D. MCryst. Eng.
Commun2004 6, 377—395 and references cited therein.
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