considerable changes in the framework geom-
etry as confirmed by in situ single-crystal and
powder x-ray diffraction measurements. The
material is distinct in having a nanoporous host
lattice chemistry (pore size, shape, and elec-
tronic potential) that may be manipulated in a
switchable fashion, in this case by the external
stimulation of spin crossover by temperature
variation. Conversely, the reversible exchange
of guest species has been shown to provide a
unique mechanism with which to convenient-
ly perturb the geometry and electronic en-
vironment of spin crossover centers, intro-
ducing a previously unstudied approach for
the systematic investigation of this phe-
nomenon. We note here that the desorption
and resorption of guest species promises to
provide an additional stimulus for spin
crossover, suggesting potential application
in areas such as molecular sensing (change
in the color, magnetism, size, shape, etc. of
the host with guest sorption). In the longer
term, it is anticipated that the inclusion of
guest and template species with specific
electronic functions into molecular lattices
that have controllable switching, including
communication between these switching
centers through coordination linkages, may
lead to more advanced materials having
other unique and potentially useful physi-
cochemical properties.

References and Notes
. M. D. Hollingsworth, Science 295, 2410 (2002).
2. ). M. Lehn, Science 295, 2400 (2002).
3. B.F. Hoskins, R. Robson, /. Am. Chem. Soc. 112, 1546
(1990).
. M. Eddaoudi et al., Science 295, 469 (2002).
. C. ]. Kepert, T. ). Prior, M. ). Rosseinsky, J. Am. Chem.
Soc. 122, 5158 (2000).
. ]. S. Seo et al., Nature 404, 982 (2000).
. M. J. Zaworotko, Nature 402, 242 (1999).
. A. V. Nossov, D. V. Soldatov, J. A. Ripmeester, J. Am.
Chem. Soc. 123, 3563 (2001).
9. P. Gitlich, Y. Garcia, H. A. Goodwin, Chem. Soc. Rev.
29, 419 (2000).
10. S. Decurtins, P. Giitlich, C. P. Kéhler, H. Spiering, A.
Hauser, Chem. Phys. Lett. 105, 1 (1984).
11. O. Kahn, C. J. Martinez, Science 279, 44 (1998).
12. E. Breuning et al., Angew. Chem. Int. Ed. 39, 2504
(2000).
13. S. Brooker, P. C. Plieger, B. Moubaraki, K. S. Murray,
Angew. Chem. Int. Ed. 38, 408 (1999).
14. ). A. Real et al., Science 268, 265 (1995).
15. N. Moliner et al., Inorg. Chem. 39, 5390 (2000).
16. Y. Garcia et al., Inorg. Chem. 38, 4663 (1999).
17. A. Ozarowski, Y. Shunzhong, B. R. McGarvey, A. Mis-
lankar, J. E. Drake, Inorg. Chem. 30, 3167 (1991).
18. Y. Garcia et al., Chem. Mater. 10, 2426 (1998).
19. O. Roubeau, J. G. Haasnoot, E. Codjovi, F. Varret, J.
Reedijk, Chem. Mater. 14, 2559 (2002).

20. T. Kitazawa et al., J. Mater. Chem. 6, 119 (1996).
21. V. Niel, J. M. Martinez-Agudo, M. C. Muiioz, A. B.
Gaspar, ). A. Real, Inorg. Chem. 40, 3838 (2001).

22. 1+(EtOH): C gFe,H3gNy00,5, M = 1126.88, mono-
clinic, C2/c. For T = {150(2), 25(2)} K: 2 = {17.838(4),
17.803(6)); b = {30.694(6), 30.608(10)}; ¢ =
{20.042(4), 19.843(6)} A, B = {90.016{4), 90.124(5)},
v = {10973(4), 10813(6)} A Z = 8, u(Mo-Ka) =
{0.735, 0.746} mm~". Data were collected on two
separate crystals on a Bruker Smart 1000 CCD
equipped with Mo-K_ (A = 0.71073 A) radiation and
Oxford Instruments nitrogen gas and helium gas
cryostreams. Full-matrix least squares refinement on

[N =

0 ~N O

REPORTS

F,2 converged to R1 = {0.0582, 0.0924), wR2 =
{0.1118, 0.2179}. (See (35) for details.]

23. M. Kondo et al., Chem. Mater. 12, 1288 (2000).

24. 1:C,,Fe H (N, S,, M = 540.04, orthorhombic, lbam,
a = 8.418(19), b = 16.70(4), ¢ = 20.62(5) A, V =
2899(12) A%, T = 375(2) K, Z = 4, p (Mo-Ka) =
0.692 mm~". Full matrix least-squares refinement on
F.2 converged to R1 = 0.1143, wR2 = 0.2447. [See
(35) for details.]

25. D. R. Corbin et al., J. Am. Chem. Soc. 112, 4821
(1990).

26. J. L. Atwood, J. E. D. Davies, D. D. MacNicol, F. Vogtle,
Eds., Comprehensive Supramolecular Chemistry (Per-
gamon Press, New York, 1996), vol. 6.

27. O. Kahn, J. Larionova, J. V. Yakhmi, Chem. Eur. J. 5,
3443 (1999).

28. C. ). Kepert, D. Hesek, P. D. Beer, M. J. Rosseinsky,
Angew. Chem. Int. Ed. 37, 3158 (1998).

29. C. ). Kepert, M. J. Rosseinsky, Chem. Commun. 1999,
375 {1999).

30. H. Li, M. Eddaoudi, M. O’Keeffe, O. M. Yaghi, Nature
402, 276 (1999).

31. K. Biradha, Y. Hongo, M. Fujita, Angew. Chem. Int. Ed.
39, 3843 (2000).

32. B. F. Abrahams, P. A. Jackson, R. Robson, Angew.
Chem. Int. Ed. 37, 2656 (1998).

33. Powder x-ray diffraction measurements were made
in situ during guest desorption and resorption under
controlled environment (temperature and vapor)
conditions. Refined unit cells for the resorbed phases

at 303 K: 1-(EtOH), a = 18.041(3), b = 31.174(4),
¢ = 19.908(6) A, B = 90.28(3); 1((MeOH), a =
17.987(3), b = 31.132(4), ¢ = 19.851(6) A, B
89.98(3); 1-(PrOH), a = 18.12(2), b = 31.27(3),
19.85(4) A, B = 89.8(2). [See (35) for details.]

34. The observed decrease in the Fe2-N bond lengths of
ca. 0.07 A is lower than the 0.1 to 0.2 A expected for
spin crossover in Fe(ll) (9) and may reflect a degree of
trapping of the high-spin state at the Fe2 site caused
by the quench-cooling of the crystal to 25 K.

35. Single-crystal and powder XRD data, thermogravi-
metric analyses, magnetic data, Mdssbauer data are
available (see Materials and Methods, SOM Text, figs.
S$1to S9, and tables S1 to S20). Crystallographic data
were deposited in the Cambridge Crystallographic
Database Centre [1-(EtOH) (150 K): CCDC-189340;
1-(EtOH) (25 K): CCDC-189341; 1 (375 K): CCDC-
189342].

36. Supported by the Australian Research Council (C.J.K.
and K.S.M.).

Supporting Online Material
www.sciencemag.org/cgi/content/full/298/5599/1762/DC1
Materials and Methods

SOM Text

Figs. S1 to S9

Tables S1 to S20

10 July 2002; accepted 25 October 2002

Seismotectonics of Mid-Ocean
Ridge Propagation in Hess Deep

Jacqueline S. Floyd,?* Maya Tolstoy,? John C. Mutter,’-%3
Christopher H. Scholz'2

Hydroacoustic data from the eastern equatorial Pacific reveal low-magnitude
seismicity concentrated at the propagating tip of the Galapagos Rise in Hess
Deep. The patterns of seismicity and faulting are similar to those observed in
the process zone of laboratory-scale propagating tensile cracks. Because the
fracture energy required for propagation scales with crack length and process
zone size, it follows that ridges can propagate stably in the brittle crust without
exceptional resisting forces as proposed by previous models based on linear

elastic fracture mechanics.

Lithospheric rifting and mid-ocean ridge
propagation are the processes by which ocean
basins are formed on Earth. Ridge propaga-
tion traditionally has been studied using the
linear elastic fracture mechanics (LEFM) ap-
proach, in which the ridge is idealized as a
tensile crack in an elastic plate and propaga-
tion occurs when the stress at the tip reaches
a critical value (/-3). Few studies of ridge
propagation have relied on earthquake data,
because ridge earthquake magnitudes typical-
ly lie below the ~4.5 moment magnitude
(M) detection threshold of teleseismic net-
works. Hydroacoustic monitoring in the east-
ern equatorial Pacific Ocean (4), however,
has recently provided long-term records of
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2Lamont-Doherty Earth Observatory, 3Earth Institute,
Columbia University, 61 Route 9W, Palisades, NY
10964, USA.

*To whom correspondence should be addressed. E-
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low-magnitude (M, ~ 1.8 to 4.4) seismicity
at the propagating tip of the Galapagos Rise
in Hess Deep (Fig. 1). We present observa-
tions of hydroacoustic seismicity and faulting
in Hess Deep, which provide an opportunity
to study the dynamics of ridge propagation
and to test models based on the LEFM
approach.

The Galapagos Rise is an intermediate-
rate (4.5 to 6.0 cm/year full rate) spreading
center that is propagating at ~6.5 cm/year (5)
into oceanic crust 300,000 to 1 million years
old accreted at the fast-spreading (13.5 cm/
year full rate) East Pacific Rise (EPR). Re-
gionally, the Galapagos Rise and EPR form a
triple junction; however, multibeam bathym-
etry data show that the two ridges do not
intersect (6) (Figs. 1 and 2). The Galapagos
Rise volcanic ridge is identified as an elon-
gate bathymetric high that reaches ~15 km
into the 5.4-km-deep Hess Deep rift (Fig. 2).
Hess Deep is bounded by two major normal
faulted margins and contains a northward-
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strong background fluorescence. In contrast, in-
jection of green fluorescent protein (GFP) as a
tracer (e.g., by injection of RNA that encodes
GFP) requires time for GFP to be expressed at
levels detectable in vivo. (vi) Examination of
the embryos at tadpole stages also showed that
strong QD fluorescence was visible even in
high-background regions such as the embryo
gut (Fig. 3, H and I). (vii) The QD-micelles
were much more resistant to photobleaching
than were other fluorophores in vivo, which has
been shown previously in vitro (4). Figure 4
compares the in vivo fluorescence quenching of
QD-micelles and rhodamine green—dextran
(RG-D). QD-micelles and RG-D were micro-
injected into sibling embryos that were at sim-
ilar stages of development and had progressed
to late blastula when they were imaged by
time-lapse microscopy. After 80 min of con-
stant illumination (at 450 nm) under the micro-
scope, the QD fluorescence intensity remained
unchanged (Movie S1), whereas the dextran
had photobleached. Experiments with a mem-
brane-bound GFP (EGFP fused to the Ras far-
nesylation sequence) gave similar results, with
the QDs showing increased stability (fig. S1).

Although at early embryonic stages, QDs
appeared to be diffusely localized throughout
the cell, at later stages they concentrated in the
cell nuclei (Fig. 3G). Time-lapse microscopy
(Movies S2 and S3) revealed that this translo-
cation to the nucleus occurs at a stage that
phenotypically resembles the mid-blastula tran-
sition (MBT) (28), a critical stage in amphibian
development when zygotic gene transcription is
initiated. Because QD-micelles do not bind to
DNA directly, it would be interesting to explore
the mechanism of this translocation. If translo-
cation proves to be concomitant with MBT,
QDs will enable us to observe MBT in vivo
with single-cell resolution.

These results indicate that micelle-encapsu-
lated QDs fulfill the promise of fluorescent
semiconductor nanocrystals for both in vitro
and in vivo studies. Compared to other systems,
they simultaneously provide efficient fluores-
cence, a great reduction in photobleaching, col-
loidal stability in a variety of bioenvironments,
and low nonspecific adsorption.
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Guest-Dependent Spin
Crossover in a Nanoporous
Molecular Framework Material
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The nanoporous metal-organic framework Fe,(azpy),(NCS),-(guest) (azpy is
trans-4,4'-azopyridine) displays reversible uptake and release of guest mole-
cules and contains electronic switching centers that are sensitive to the nature
of the sorbed guests. The switching of this material arises from the presence
of iron(ll) spin crossover centers within the framework lattice, the sorbed phases
undergoing “half-spin” crossovers, and the desorbed phase showing no switch-
ing property. The interpenetrated framework structure displays a considerable
flexibility with guest uptake and release, causing substantial changes in the local
geometry of the iron(ll) centers. The generation of a host lattice that interacts
with exchangeable guest species in a switchable fashion has implications for the
generation of previously undeveloped advanced materials with applications in

areas such as molecular sensing.

The self-organization of molecular species is
fundamental to the generation of nanoscale mo-
lecular architectures that have specific struc-
tures and functions (/, 2). In the area of porous
metal-organic frameworks, the structural versa-
tility of molecular chemistry has allowed the
rational design and assembly of materials hav-
ing novel topologies and exceptional host-guest
properties (3—8). There has been comparatively
little attention, however, on exploiting the many
unique electronic aspects of molecular chemis-
try to impart specific electronic function to
these materials. We report here on the incor-
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poration of electronic switches, in the form of
spin crossover centers, into porous molecular
framework lattices.

Spin crossover centers are a well-known
form of molecular switch in which a change
in the electronic configuration at a metal
center (high-spin <> low-spin) leads to dis-
tinctive changes in molecular geometry, col-
or, and magnetism (9). The phenomenon may
be stimulated by electromagnetic radiation or
by variation of temperature and/or pressure.
The generation of cooperative systems that
display metastability and therefore hysteresis,
including with light-induced excited spin
state trapping (/0), has drawn attention to the
use of spin crossover centers in areas such as
data storage and displays (/7). An important
approach for achieving cooperative interac-
tions, both steric and magnetic, is the direct
molecular linkage of metal sites in supramo-
lecular (/2, 13) and framework (/4-21) sys-
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tems. We present a spin crossover material
where the molecular linkages are of sufficient
strength and arrangement to generate a po-
rous framework that is robust to the uptake
and removal of guest species, thereby provid-
ing a unique coexistence of nanoporosity and
spin crossover in one material.

Monophasic dark red crystals of
1(EtOH), Fe(azpy),(NCS),EtOH) (azpy
is trans-4,4'-azopyridine and FtOH is etha-
nol), were synthesized by the slow diffusion
of stoichiometric amounts of Fe!(NCS), and
azpy in ethanol. The crystal structure of
1(EtOH) (22) consists of the double inter-
penetration of two-dimensional rhombic
grids [i.e., (4, 4) networks] that are construct-
ed by the linkage of Fe(Il) centers by azpy
units. The compressed octahedral coordina-
tion around the iron centers is completed by
two axial thiocyanate ligands bound through
the nitrogen donor. A full picture of the struc-
ture and a network representation showing
the interpenetration of the grids are given in
Figs. 1 and 2, respectively. The structurally
equivalent rthombic grids interpenetrate in a
manner similar to that seen previously in
related metal-organic frameworks (14, 23),
generating 1-D channels parallel to the ¢ axis.
In the as-grown material, half of these chan-
nels are occupied by ethanol molecules to
generate a “chessboard”-like pattern. This
alternating distribution causes the framework
to be distorted away from regular interpene-
tration so that the occupied and empty chan-
nels have dimensions of 10.6 X 4.8 A and
7.0 X 2.1 A and relative crystal volumes of 9
and 3%, respectively. The structure contains
two crystallographically distinct Fe(I) cen-
ters with very similar ligand-binding geome-
tries but different second coordination
spheres; the ethanol OH groups form
H-bonds with the sulfur atoms of the thiocy-
anate ligands bound to Fe2 but not with the
thiocyanates bound to Fel (Fig. 3). The eth-
anol molecule is disordered over two orien-
tations, and the relative distances of Fel and
Fe2 to the disordered ethanol oxygen atom
are 8.2t0 8.5 A and 5.7 t0 6.1 A, respectively.

Complete and rapid desorption of the eth-
anol guests occurs with heating to 100°C,
beyond which the empty framework material
1, Fe(azpy),(NCS),, is stable to 140°C. To
investigate the structural consequences of de-
sorption, we heated a single crystal of
1-(EtOH) in situ to 375 K under dry nitrogen
on a single-crystal x-ray diffractometer and
collected and analyzed a full data set for 1
(24). With ethanol removal, the general
structural motif of interpenetrating grids re-
mains intact, but the structure undergoes a
number of changes (Fig. 1). Most notably,
there is a scissors-like motion of the interpen-
etrating grids to decrease the angle of inter-
penetration, 6 (defined in Fig. 2B), from
60.3° to 53.6°. This structural hinging causes
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an elongation and constriction of the 1-D
channels, with their dimensions changing to
11.7 X 2.0 A and the pore volume decreasing
from 12 to 2%. On heating, the crystal vol-
ume increases by 6% and the macroscopic
dimensions of the crystals change by —6, +9,
and +3% along the a, b, and ¢ axes, respec-
tively, an effect that we were able to observe
under the microscope. A slippage of the grids
accompanies the hinging motion, with one set
of parallel layers undergoing a translation of
1.0 A along the ¢ axis with respect to the
other so that the iron atoms sit perfectly in the
center of the rhomboids of the interpenetrated
grids (Fig. 3). With the transition to regular
interpenetration, the crystal symmetry in-
creases from C-centered monoclinic (C2/c) to
I-centered orthorhombic (Ibam) in a unit cell
that is halved in both the a and b directions.
This increase in symmetry causes the 1-D
channels to become structurally equivalent
and has the important consequence that the
two distinct Fe(II) centers in 1-(EtOH) merge
to become a single, equivalent center in 1.
The relative geometries of both the azpy and
thiocyanate units change appreciably with de-
sorption; the thiocyanate units straighten and

Fig. 2. A diagrammatic
representation of the
interpenetration of in-
finite Fe(azpy).,, rhom-
bic grids in 1-(EtOH),
perpendicular to one of
the grids (A) and ap-
proximately perpendic-
ular to both (B), corre-
sponding to the view

the pyridyl groups rotate so that their dihedral
angles across the Fe(Il) centers decrease from
{69, 83}° and {—83, —73}° for Fel and Fe2,
respectively, in 1-(EtOH) to 0° for Fel in 1
(Fig. 3). This highly flexible property of a
nanoporous molecular framework is reminis-
cent of the unusual behavior of zeolite RHO
(25) and many clathrate-type systems (26—
28) and is in contrast to other nanoporous
molecular phases (29—32) and most classical
porous solids where guest loss typically in-
volves no change in symmetry and only min-
imal structural change.

Powder x-ray diffraction and thermo-
gravimetry of 1(EtOH) performed with heat-
ing and cooling under controlled atmospheres
indicated that guest desorption is a reversible
process. On heating a polycrystalline sample
of 1+(EtOH) under a dry nitrogen atmo-
sphere, we observed a large change in the
diffraction pattern between 323 and 363 K,
and the patterns for the fully sorbed and
desorbed phases were consistent with the in
situ single-crystal x-ray diffraction results.
After cooling under an ethanol-vapor—nitro-
gen atmosphere, the sample reverted sharply
back to the original pattern between 343 and

Fig. 1. X-ray crystal structures of
1-(EtOH) at 150 K and 1 at 375
K, viewed approximately down
the 1-D channels (c axis). Frame-
work atoms are represented as
sticks and atoms of the ethanol
guests as spheres. In 1-(EtOH)
the ethanol guests occupy every
second 1-D channel in a “chess-
board” arrangement. Removal of
ethanol by heating gives single
crystals of 1, which has empty,
equivalent 1-D channels and a
concomitant quartering of the
unit cell. Hydrogen atoms are
omitted for clarity.

given in Fig. 1. The layer interpenetration angle, 6, is defined in (B).
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333 K (fig. S4). A thermogravimetric inves-
tigation indicated a circa (ca.) 80% sorption
under similar conditions (fig. S1). The sorp-
tion of methanol and 1-propanol were also
explored and gave patterns and unit cell anal-
yses very similar to that of 1(EtOH) (figs. S3
and SS). The interpenetration angles (6) for
the sorbed phases derived directly from the
unit cell dimensions (33) were 60.0°, 60.1°,
and 60.2° for the methanol, ethanol, and
1-propanol adducts, respectively, indicating
that the extent of opening of the hinged
framework is subtly dependent on the size
and shape of the sorbed guest molecules.
Magnetic susceptibility and Mossbauer ef-
fect spectral measurements were used to probe
the spin states and spin changes in 1-(EtOH)
and in its desorbed and resorbed forms. In Fig.
4, the p..¢ (Where ¢ is the effective magnetic
moment) values for 1:(EtOH) remain essential-
ly constant at 5.3 pg (where pg is the Bohr
magneton) between 300 and 150 K, due to all
Fe(Il) sites being in the high-spin, S = 2, state.
The Mossbauer spectrum at 295 K yielded only
one quadrupole doublet with characteristic S =
2 values of the isomer shift & = 0.97 mm s™!
and the quadrupole splitting AE, = 2.57 mm
s~1, even though there are two crystallographi-
cally distinct Fe sites. Below 150 K the mag-
netic moments decrease, rapidly at first (150 to
130 K) and then more gradually, reaching a
constant value of 3.65 wg below 50 K. This
value is indicative of only one of the two in-
equivalent Fe(Il) sites being in the low-spin,
S = 0, state after a 50% spin crossover. Moss-
bauer spectra taken at 6 K (fig. S6A) showed
two quadrupole doublets due to coexisting
high-spin (8 = 1.11 mms™', AE, = 2.97 mm
s~') and low-spin (8 = 0.45 mm s™', AE,, =
0.19 mm s™') sites. There is little, if any,
hysteresis in the p . values as the temperature
is slowly raised and lowered in the 50 to 150 K
region. An absence of hysteresis is not uncom-
mon for such systems (/2, 14, 15), and we
speculate that the flexibility of the material may
facilitate a low-energy pathway between the

Fig. 3. The rhombic grid
layers of 1-(EtOH) and 0 Z
1. Removal of ethanol B Fei
causes extensive modifi- 0 N
cation to the structure, - ~

including a rotation of -
both the azpy and thio-
cyanate units, a transla- =

tion of the interpene- Q. i

trating layers by 10 A
(Fe atoms shown inside (J N
the rhomboids belong to
the interpenetrating lay-
ers), and the removal of
hydrogen-bonding inter-
actions from the ethanol
to the thiocyanate sulfur
atoms (shown as dashed
lines).

1-(EtOH)
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high-spin and high/low-spin structures in this
temperature range. A crystal structure determi-
nation at 25 K (22) suggests that it is Fe2, the
iron center involved in H-bonding to the etha-
nol guest (Fig. 3), that undergoes spin cross-
over; the Fe2 average Fe-N(thiocyanate) and
Fe-N(azpy) distances decreased by 0.06 and
0.07 A, respectively, as compared to decreases
of only 0.02 and 0.03 A for Fel (34). An
important consequence of the spin crossover is
a contraction of the rhombic grids: The average
Fe-Fe distance along the sides of the grids
decreases from 13.38 to 13.30 A with cooling
from 150 to 25 K. The close similarity of
coordination geometries of Fel and Fe2 above
the crossover temperature indicates that the eth-
anol guest has only a very subtle influence on
the geometry of the iron centers and suggests
that the electronic influence of this molecule,
through a H-bonding interaction with the
thiocyanate group of Fe2, may play an im-
portant role in fine-tuning the ligand field
splitting for spin crossover at this center.

When the ethanol guests are fully re-
moved from the framework to give the de-
sorbed phase, 1, which has a substantially
altered Fe(Il) coordination geometry, the
magnetic and Mossbauer data are compatible
with the existence of high-spin Fe(Il) sites
only [Mee = 5.2 pgat 300K, 5.1 pgat S0 K,
and 4.0 g at 4 K (Fig. 4), isomer shift at 6 K
of 1.14 mm s~ ' and quadrupole splitting of
2.50 mm s~ ! (fig. S6B)]. Zero-field splitting
rather than spin crossover causes the down-
turn in the effective moment at low temper-
ature. The absence of spin crossover is con-
sistent with our view that the interaction of
the H-bonded guest has an important elec-
tronic influence on the Fe(Il) sites. Presum-
ably of greater importance, however, is the
absence of the steric influence of the guest,
leading to considerable modifications of the
framework and coordination geometries as
described here.

The most notable magnetic data were ob-
tained on sorption of other solvate molecules
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back into the channels of the desorbed net-
work. The immersion of 1 in anhydrous
methanol to give 1:(MeOH) yielded magnet-
ic moment data again indicative of spin cross-
over of half of the iron sites, with a w_g-
versus-7 plot that is similar to that of
1-(EtOH) although without the sharp in-
crease at ca. 140 K (see inset to Fig. 4).
Exposure of this methanol solvate to the at-
mosphere at room temperature for periods of
4 to 12 hours caused a gradual disappearance
of the crossover and replacement by S = 2
behavior for the desorbed material. The inset
to Fig. 4 shows the effect of warming the
sample to room temperature within the mag-
netometer [labeled 1:x(MeOH), where 0 < x
=1 (x is the solvation fraction)] and the effect
of exposing the sample to air for 12 hours to
give 1. Immersion of this desorbed sample in
anhydrous 1-propanol yiclded a material that
showed a clear two-step crossover, with a
sharp decrease from 5.0 wg that occurred
between 140 and 130 K reaching a plateau of
4.65 pg between 130 and 110 K followed by
a broader decrease to reach 3.8 pg at ~70 K,
a value again indicative of a ~50% spin
conversion (Fig. 4). Presumably the origin of
the two-step crossover here relates to a subtle
structural effect that produces a system with
two pairs of structurally inequivalent iron
centers, as could be induced by symmetry-
lowering caused by an ordering of the guest
molecules in the 1-D channels.

We show that it is possible to make nano-
porous frameworks that display spin crossover
effects that are influenced by the reversible
exchange of sorbed guest molecules. The
present Fe,(azpy),(NCS),x(guest) system re-
tains the parent framework structure during
guest desorption and resorption cycles, with

1.(MeOH)

" 1.(EtOH) 3 T w0 w0 300
1 1 1 i 1 1

0 50 100 150 200 250 300
T/K

Fig. 4. The temperature-dependent magnetic
moment of 1-x(guest), recorded on a single
sample at different stages of guest desorption
and resorption, showing 50% spin crossover
behavior between 50 and 150 K for the fully
loaded phases and an absence of spin crossover
for the fully desorbed phase 1. The ethanol-
and methanol-loaded phases undergo a single-
step spin crossover, whereas the 1-propanol
adduct shows a two-step crossover with a pla-
teau at 120 K. The inset shows the effect of
partial and complete removal of methanol from
1-(MeOH).
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