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The assembly of two-dimensional cyanide-bridged Fe"-Ni" square grid networks at the air—water interface and
subsequent transfer of these networks as isolated monolayer, isolated bilayer, and multiple bilayer (multilayer)
films via the Langmuir—Blodgett technique results in novel low-dimensional systems in which the effects of
dimensionality on magnetic behavior in molecule-hased materials can be observed. The magnetic response of
these films between 2 < T < 300 K in dc fields from =50 < H < 50 kG and in 4 G ac fields from 1 Hz to 1 kHz
are reported. The results show the presence of ferromagnetic domains with characteristic hysteresis in each of the
three systems. The magnetic response for all three samples is anisotropic with a stronger field-cooled magnetization
observed when the planes of the films are aligned parallel to the applied field. Additionally, each of the three
samples shows frequency dependence in both the real and imaginary components of the ac susceptibility. This
behavior is interpreted as being characteristic of spin glass-type ordering of ferromagnetic domains to form a
cluster glass. A lower glass temperature (Tq) is observed in the isolated monolayer film relative to the bilayer and
multilayer samples. The bilayer sample shows two glass transitions at Tq; = 3.8 K and Tg, = 5.4 K, whereas only
one transition at T, = 5.4 K is observed in the multilayer sample. The different magnetic responses of the three
films are attributed to different in-plane, interplane, and long-range dipolar exchange interactions.

Introduction lecular square¥;!tlinear chaind? 14 and ladder$*6as well
as quasi-two-dimensional square-§fid® and “honeycomb”
networks?t—25

Aside from their structural diversity, metal cyanides also
show interesting magnetic behavior. For many examples, the
nature of the magnetic exchange can be anticipated in

Solid-state metal cyanides are a structurally diverse class
of materials. The best known examples come from the family
of “Prussian blues” (named after the deep blue mixed-valency
Fe''[Fe'(CN)s]) which consist of octahedral [M(CNJ)*™
complexes bridged through metal ions to form three-
dimensional cubic solidsHowever, many other structural —
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Scheme 1. Assembly of LangmuirBlodgett Films Containing an IrerNickel Cyanide Square Grid Network

advance from basic orbital interaction arguments and the We have recently described the synthesis of a cyanide-
predictable structure-directing quality of the cyanide britfge. bridged F&'—Ni" square grid network as a monolayer at
This inherent ability to tailor both the structure and magnetic the air—water interface and its transfer to solid supports by
exchange in metal cyanide systems makes this family of the Langmuir-Blodgett (LB) techniqué’ This two-dimen-
materials well suited for studying molecule-based magnetic sional (2D) network can be transferred as an isolated
phenomena. Indeed, a wide range of magnetic phenomenanonolayer, as a single bilayer, or as multiple-bilayer as-
have been observed in metal cyanides, including high-spinsemblies (see Scheme 1). Initial magnetic property investiga-

clusters>® metamagnetisn;23252730 rgom-temperature
magnetic ordering'2* and spin-glass behaviétr3¢
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tions of multilayer films (multiple-bilayer films) by dc
magnetometry revealed ferromagnetism below 8 K.
Single-layer control over the deposition process provides
an opportunity to observe how the magnetic properties of
the system evolve as it changes from a monolayer to a bilayer
to a multilayer film. We report herein a detailed investigation
of the magnetic properties of this 2D system using both dc
and ac magnetometry which reveals both ferromagnetic and
spin-glass-like behavior at low temperatures.

Experimental Details

Materials. Nickel nitrate hexahydrate (99%) was purchased from
Aldrich (Milwaukee, WI) and used as received. The amphiphilic
complexl [bis(tetramethylammonioum) pentacyano(4-(didodecyl-
amino)pyridine)ferrate(1Il6H,0] was prepared as describ&d.
Subphase solutions were prepared from +1.8.1 MQ cm
water delivered with a Barnstead Epure system.

Film Preparation. All films were prepared on Mylar substrates
precleaned with absolute ethanol. The 150 bilayer/side sample was
prepared as previously describ&Briefly, a Langmuir monolayer
of complex1 is reacted at the aitwater interface over a subphase
containing 1 g/L of Ni(NQ),*6H,0 (see Scheme 1). The resulting
square grid network that forms is transferred at a surface pressure
of 25 mN/m as a Y-type film by the LangmuiBlodgett technique.
The transfer ratioTg) of the 150 bilayer samplé=€Ni-150 was
Tr = 1.0+ 0.1 for both the upstrokes and downstrokes throughout
the transfer process (whefg = 1.0 signifies a complete monolayer
transfer). A separate sample consisting of a single bilayeN{-
bi), i.e., one downstroke followed by one upstroke, was prepared
on a Mylar surface precoated with 5 bilayers of octadecanol for
increased hydrophobicity. The transfer ratios FeNi-bi were Tg
= 1.0 £ 0.1 for both the downstroke and upstroke. A sample
consisting of a single monolayer of the-Hdi grid network FeNi-
mono) was prepared using a single transfer starting with the Mylar
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immersed in the subphase, i.e., hydrophilic transfer. The transfer s————7 71—
ratio for FeNi-monowasTg = 1.0 £ 0.1. i FeNi-150
For magnetic measurements, each 1¢ sample was cut and I % N Pa;allehl,lF
packed into gel caps for SQUID magnetometry. The rectangular 10} o« ° ° Mzic -
pieces were packed parallel to one another and orientated with the ‘g i o® Perpendicular
plane of the sample surface aligned parallgldr perpendicular j ® A M,
(O) to the applied dc or ac magnetic fields. Background corrections g s o o® A My ]
were applied by subtraction of the diamagnetic signal measured = |
on a similar (within 3%) mass of clean Mylar and sample container [ ?M Apo® ]
(taa= —2.16 x 10~7 emu). [ “ag,, ool
Instrumentation. The LB films were prepared by using a KSV o, e 004
Instruments 5000 trough modified to operate with double barriers. 0 5 T 10 15

The surface pressure was measured with a filter paper Wilhelmy o )
plate suspended from a KSV microbalance. Magnetization measure-Fgure 1. Background-corrected magnetization vs temperaturé éi-

. 150 aligned parallel to the applied field@ field-cooled and @) zero-
ments were performed on a Quantum Design MPMS SQUID field-cooled] and perpendicular to the applied field)(field-cooled and

magnetometer. For the ac susceptibilitye, all measurements of  (4) zero-field cooled]. Cooling fields and measuring fields were each 100
the in-phase (real or dispersive) susceptibility,and out-of-phase G.
(imaginary or absorptive) susceptibility,, were made after zero-
field-cooling the sample, with subsequent warming under zero-

applied dc field and an oscillating ac field of 4 G. 2 [ FeNi-150
L T=2K

3

Ju—
T

Results

The two-dimensional grid network, prepared as shown in
Scheme 1, has been structurally characterized by grazing
incidence X-ray diffraction, X-ray absorption fine structure,
infrared spectroscopy, and X-ray photoelectron spectros-
copy?” The in-plane structure of the network consists of a

M (10”emu G)
—}

1
—
U\ G

_2: =

face-centered square grid of low-spin"Fe@ns which are 3 bl
bridged through cyanide to Niions. The in-plane lattice 750 -500 250 0 250 500 750
parameter i® = 10.4 A, which yields an FeNi separation H(G)

of 52 A. The average structural coherence length, as Figure 2. Background-corrected magnetization vs field measured at 2 K
' for FeNi-150 aligned parallel ¥) to the applied field and perpendicular

determined from X-ray diffraction, is approximately 6 unit o) 5 the applied field. (The total sweep width was0 to 50 kG.) The
cell lengths. This value gives an average coherent particlelines are guides to the eye.

size on the order of 3600 %A which would contain ap-
proximately 144 ions (72 Feions and 72 Ni ions). be deposited onto the previous bilayer forming a Y-type LB
As depicted in Scheme 1, the networks can be transferredfilm with alternating regions of organic-to-organic and
to solid supports in a controlled fashion by the LB technique. norganic-to-inorganic contacts.
If the dipping cycle begins with the substrate submerged, Dc Magnetometry. The field-cooled Mrc) and zero-field-
withdrawing the substrate results in the transfer of a single cooled Mzrc) magnetization plots as a function of temper-
monolayer of the FeCN—Ni network (FeNi-mono) oriented ature forFeNi-150in two orientations with respect to the
such that the inorganic network is in direct contact with the applied field are shown in Figure 1. Both field-cooled curves
substrate surface. In this case, the planar network is anshow a rapid rise in magnetization at lower temperatures
isolated two-dimensional system (it is not truly isolated, as below approximately 10 K, gradually leveling below 5 K.
an anisotropic background arises from the substrate). On theThis behavior is indicative of ferromagnetic exchange in the
other hand, if the substrate begins above the water surfacefilm. Ferromagnetism in this system is rationalized as
one dipping cycle of passing the substrate into the subphasgesulting from low-spinS = 1/2 Fé' t,y andS= 1 Ni" g
and back out results in a bilayeFéNi-bi), with the organic ~ magnetic orbitals overlapping with orthogonal orbitals on
portion of the material in contact with the substrate and the the cyanide bridge favoring the maximum total spin in
inorganic networks face-to-face, sandwiched in the center accordance with Hund’s rule. The field-cooled magnetic
of the bilayer. The nature of the bonding interaction in the response of the film is clearly anisotropic, reflecting the
polar region between the networks is uncertain but likely planar anisotropy of the network.
contains a mixture of covalent bonding via coordination of ~ Ferromagnetism ifreNi-150is also supported by hyster-
the axial cyanide of the iron complex to Niions in the esisinM vsH atT = 2 K as shown in Figure 2. Again, the
adjacent layer, hydrogen bonding via intercalated water magnetization is anisotropic with a larger remnant magne-
molecules, or simple electrostatic interactions. These interac-tization when the sample is aligned parallel to the applied
tions should give an average distance between inorganicfield. The coercive fields are slightly anisotropic as well with
networks within the bilayer on the order of 10 A or less. H.= 1354+ 5 G in the parallel orientation arid, = 110+
Finally, if the dipping cycle is repeated though 150 cycles 5 G in the perpendicular orientation. The nature of the LB
(FeNi-150, each bilayer of the FeCN—Ni network will film samples results in significant diamagnetic background
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Magnetic Behavior in Langmuir —Blodgett Films

w

or FeNi-bi -
m% Parallel i FeNi-mono
® o M. : Parallel
- °
o 4r o ® M, . 2 ° M, -
= [ Perpendicular 1 ©) F L Mm,
5 r [ A M, E 3 Perpendicular 1
@ r L] ) + E
8 2 ° A M, o | & M |
= F o % 1+ A Mzrc -
I %‘n N = T 1
[ o Aa8 3 |
0 ° AR 'Y s L ° i
- . - 0 -
A T 0-.%????????4
0 5 10 15 0 5 10 15
T (K) T (K)

Figure 3. Background-corrected magnetization vs temperaturé& é¥i-
bi aligned parallel and perpendicular to the applied field. Cooling fields
and measuring fields were each 20 G.

Figure 5. Background-corrected magnetization vs temperaturé&édii-
mono aligned parallel and perpendicular to the applied field. Cooling fields
and measuring fields were each 20 G.
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Figure 4. Background-corrected magnetization vs field measured at 2 K o )
for FeNi-bi aligned parallel ) to the applied field and perpendiculad)( Figure 6. Background-corrected magnetization vs field measured at 2 K
to the applied field. (The total sweep width was0 to 50 kG.) The lines  for FeNi-monoaligned parallel to the applied field. (The total sweep width
are guides to the eye. was —50 to 50 kG.) The lines are guides to the eye.

arising from the substrate and sample container, making it ParallelMec increases abruptly with decreasing temperature
difficult to quantify the film response at high magnetic fields. belowT ~ 7 K, suggesting the onset of ferromagnetic order.
Therefore, the saturation moment and saturation fields areThe onset temperature is below the 10 K seen inRiéi-

not well defined. bi and FeNi-150 samples, perhaps reflecting the decrease

Plots of the magnetization dfeNi-bi as a function of in the number of possible exchange pathways in the isolated
temperature for both field-cooling and zero-field-cooling are monolayer film.
shown in Figure 3. Data are shown for the parallel and The M vs H hysteresis loop for th&eNi-mono sample
perpendicular orientations. As observed in the multilayer measured in the parallel orientationTat= 2 K is shown if
sample, there is a sudden rise in the field-cooled magnetiza-Figure 6. The data indicate a very weak hysteresis with a
tion below 10 K, signaling ferromagnetic exchange that again coercive field on the order df. = 10 G. This value is close
levels off below 4 K. The field-cooled magnetic response to the instrumental resolution, which is limited by the pinned
shows a slightly larger anisotropy than observed in the flux within the instrument, also found to be on the order of
multilayer sample. 10 G.

The M vs H plots are shown in Figure 4 fdfeNi-bi in Ac Magnetometry. The low-temperature magnetic be-
both orientations. The magnetic behavior is anisotropic in havior of the films was further probed using ac magnetom-
both the remnant magnetization and coercive fields, With  etry. The temperature-dependgrtvalues forFeNi-150in
= 75+ 5 G in the parallel orientation and. =55+ 5 G the parallel orientation, measured at 17 Hz, 170 Hz, and 1.0
when perpendicular. The coercive fields for theNi-bi are kHz, are shown in Figure 7. The data show bgthreal)
significantly smaller than those observed in the multilayer and 4" (imaginary) components. The presence of/'a
film. component is indicative of uncompensated moments, and the

The field-cooled and zero-field-cooled magnetization plots frequency dependence of the peak position in both compo-
as a function of temperature for tit@Ni-mono sample are nents is a signature of spin-glass-like behavior. The transition
shown in Figure 5. The magnetic response in the monolayertemperatureTy = 5.4 K, is defined by the maximum in the
film shows a higher anisotropy than the bilayer or multilayer »'(T) plot at low frequency, here 17 Hz. The anisotropy of
films, with the magnetization in the parallel orientation an the magnetization is again revealed by comparing the data
order of magnitude more intense than the perpendicular. Theof Figure 7 to they.dT) data taken orFeNi-150in the

Inorganic Chemistry, Vol. 42, No. 9, 2003 2845
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Figure 7. Background-corrected ac susceptibilig/(T) and y"'(T), for
FeNi-150aligned parallel to the applied field. The samples were measured
at different frequencies with an ac field 4 G under zero-applied dc field.
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Figure 8. Background-corrected ac susceptibilig/(T) and y"(T), for
FeNi-150aligned perpendicular to the measuring field. The samples were
measured at different frequencies with an ac fidld & under zero-applied

dc field.
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Figure 10. Background-corrected ac susceptibilig(T), measured at 17

Hz for FeNi-bi (a) (scaledx100) andFeNi-150(®). Both samples were
aligned parallel to the measuring field. The samples were measured with
an ac field & 4 G under zero-applied dc field.
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Figure 11. Background-corrected ac susceptibiligy(T) andy''(T), for
FeNi-mono aligned parallel to the measuring field. The samples were
measured at different frequencies with an ac fidld & under zero-applied
dc field.

uncompensated moments, and spin-glass-like behavior in
FeNi-bi is also indicated by the frequency dependence of
they'(T) andy''(T) peak positions. The peak position of the
higher temperature shoulder #XT) is difficult to discern
unambiguously but is very similar in position to the peak at
Ty = 5.4 K observed for thé&eNi-150sample at the same
frequency (17 Hz). The data for the two samples are
compared in Figure 10. The lower temperature pedked¥i-

bi yields a separate freezing temperature at 17 HZ,6f

3.8 K. An interpretation of this feature will be discussed in
the next section. The anisotropy observed in the dc measure-
ments is reproduced in thg(T), where the perpendicular

FeNi-bi aligned parallel to the measuring field. The samples were measured Susceptibility (not shown) is 1 order of magnitude less intense

at different frequencies with an ac field ¢ G under zero-applied dc
field.

perpendicular orientation shown in Figure 8. While the two

than that seen in the parallel orientation.
The ya{T) data, measured at 1 Hz, 17 Hz, 170 Hz, and
1.0 kHz, for the parallel orientation &eNi-monoare shown

components are present with similar frequency dependencejn Figure 11. The presence ofyd(T) component indicates
the magnetic response is 1 order of magnitude lower than inuncompensated moments in the monolayer film, albeit the

the parallel orientation. The temperature of fhenaximum
(5.2 K) is slightly less than that extracted from the parallel
orientation.

The y.(T) data for the parallel orientation d¥eNi-bi,
shown in Figure 9, are noticeably different than what is
observed for the multilayer film. The broad feature in the
x'(T) is clearly resolved into two components in th&(T)
data. The presence of g'(T) response is evidence of

2846 Inorganic Chemistry, Vol. 42, No. 9, 2003

peak has not clearly formed by = 2 K. The effect of
frequency on the''(T) peak position cannot be unambigu-
ously determined; however, a shift in the onset temperature
is suggested in the data. Tj€T) clearly shows a frequency
dependence, which again is indicative of spin-glass-like
behavior. The glass temperatufg= 2.4 K extracted from

the peak position at 17 Hz is below the glass temperatures
of the bilayer and multilayer films. Comparing the magnetic
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response of the film in two orientations shows a magnetic
anisotropy similar to that observed in tg measurements
with yac 1 order of magnitude larger in the parallel
orientation than in the perpendicular orientation (not shown).

Discussion

Magnetic Anisotropy. The magnetic anisotropy of the
thin-film samples containing the F&€N—Ni grid networks
provides convincing evidence for the low-dimensional nature
of the materials. Even though a single-crystal-like analysis
is not possible, some general conclusions can be mad

regarding the nature of the anisotropy. The magnetic easy

axis clearly has a major component oriented parallel to the
plane of the substrate surface, i.e., within the plane of the
grid network. This anisotropy most likely arises from the

coupling of the magnetic moments to the structural anisot-

(Figures 1, 3, and 5) with a characteristi’ ‘Sshape that is
typically observed in either ferromagnetic or spin-glass
materials’®4° The films also displayed a hysteresis in their
magnetization vs field plots that also are signs of ferromag-
netic order or spin-glass-like behavior. On the other hand,
the frequency dependence of the(T) data for each of the
three samples indicates that these materials are not long-
range ordered ferromagnets at low temperature, since such
systems would not show a frequency dependence in their
susceptibility at or below 1 kHz. Such frequency dependence

ds typically assigned to either superparamagnets or spin-

glasses. A spin-glass state can be distinguished from a
superparamagnet by quantifying the frequency dependence
through the ratiap, which may be written as

¢ = AT/[TiA(log w)] 1)

ropy. The most pronounced anisotropic behavior is observedwhereTs is the temperature at which the maximunmyi(r)

in the monolayer sampldseNi-monag, which atT = 2 K
has a ratio of field-cooledV,:Mg of ca. 22:1. This ratio

occurs, AT is the difference inT; between an initial
frequencyw and final frequencyw;, and A(log w) is the

decreases in the bilayer and 150-bilayer samples to ca. 4.6:Jdifference between the log of the initial and final measuring
and 3.4:1, respectively. This trend suggests the presence ofrequencies. The values gfobtained forFeNi-bi andFeNi-

coupling between the face-to-face networks within the bilayer

150 are 0.05 and 0.04, respectively, which fall within the

region. This increase in the number of exchange pathwaysrange typical for insulating spin-glasé&and are very similar

is also evidenced by th®le(T) data for the three films,

shown in Figures 1, 3, and 5 where the onset of magnetiza-

tion occurs at a higher temperature in the bilayer and
multilayer films than in the monolayer film.

The nature of the bonding between adjacent networks
within a bilayer remains uncertain. However, a comparison
of the magnetic behavior of the bilayer and multilayer

to those reported by Buschma&h#f and co-workers for a
series of hexacyanomanganate Prussian blue analogues.
A somewhat larger value af = 0.10 was obtained for

FeNi-mono, which falls between the extreme casespof
0.28 reported for the superparamagnéto,Os)(B.0s) and
¢ ~ 0.005 for insulating spin-glassésFitting the data to

the Arrhenius equation,

samples to those of other 2D metal cyanide systems provides

some insight. Of particular relevance are the quasi-2D square
grid*~2% networks constructed from iron(l1l) hexacyanide and
nickel bis(diamine) complexes and the honeycéhm
networks constructed from chromium(lll) hexacyanide and
nickel cyclam complexes. In general, these lamellar solids
consist of cyanide-bridged two-dimensional sheets separate
one from another by a solvent or counterion layer. The

exchange within the sheets is ferromagnetic, but when the
intersheet separation is reduced below ca. 10 A, intershee

antiferromagnetic exchange often results in an antiferromag
netic ground stat?23-2528-30 Even though the internetwork
distance within the bilayers d¥eNi-150is less than 10 A
as evidenced from X-ray diffraction datano metamagnetic
behavior is observed dt= 2 K in the M(H) data in fields
up to 30 T38 This fact suggests that the interaction between
face-to-face networks within the bilayers is predominantly
covalent in nature, brought about through bridging of the
axial cyanide of the amphiphilic pentacyanoferrate complex
to available coordination sites on nickel ions in the adjacent
network. This covalent bonding arrangement would favor
ferromagnetic exchange by the same mechanism that pro
motes ferromagnetism within one network plane.
Spin-Glass-like Behavior.The dc magnetometry studies
on each of the three samples yieldedeyland Mec traces

(38) Park, J.-H.; Culp, J. T.; Hall, D. W.; Talham, D. R.; Meisel, M. W.
Physica B in press.

In(z/7o) = [E/(kgT)] (@)

wherer is the average relaxation time corresponding to the
frequency of the ac measurement dagks is the energy
barrier to magnetic reversal in an isolated particle, yields 1
01 <17<1x 108 s andEy/ks = 70 + 5 K. This
alue ofzy is below the range of & 107 < 75 < 1 x
10° s predicted for noninteracting ferromagnetic particles
and indicates the presence of interparticle interactiombe
Etrength of the interaction increases significantly as one

progresses to the isolated bilayer and multilayer film where
1x 10 <75<1x10%s EJ/ks =170+ 10K) and 1
x 1072 < 15 < 1 x 103 s (Egks = 350 £ 5 K),
respectively. Therefore, the system may best be described
as a progression from moderately interacting ferromagnetic
domains in the monolayer to a more strongly interacting
glasslike state, or cluster glass, in the bilayer and multilayer
films.

The two-peak profile observed in the(T) data forFeNi-
bi is unique to the single bilayer sample and warrants further
discussion. Similar dual peak profiles observed in M[Mn-
(CN)g] (M = Cr, Mn) Prussian blue analogues have been

(39) Mathieu, R.; Jonsson, P.; Nam, D. N. H.; NordbladPRys. Re. B
2001 63, 092401.

(40) Mydosh, J. ASpin GlassesTaylor and Francis: Washington, DC,
1993.

(41) Dormann, J. L.; Fiorani, D.; Tronc, E. kdv. Chem. Physl1997 98,
283-494.
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assigned to reentrant spin-glass beha%¥idmwever, such a  ence length, estimated by grazing incidence X-ray diffraction
characterization here is inappropriate since both peaksstudies’’ corresponds to about 72 pairs of ferromagnetically
possess a frequency dependence. Therefore, neither peakoupled F& S= 1/2 and Nf" S= 1 ions, which can easily
corresponds to an ordered ferromagnetic state. A more likely achieve the required moment, making this argument plau-
explanation arises by comparing thg(T) data forFeNi-bi sible.

to they.dT) data forFeNi-15Q as shown in Figure 10. The
glass temperature is a function of disorder in a material, with
more disordered phases giving lower glass transition tem- The interfacial assembly of a two-dimensional-FeN—
peratures. Analysis by grazing incidence X-ray diffraction Ni grid network in combination with the controlled deposi-
indicates in-plane structural coherence lengths of about 6tion capability of the LangmuirBlodgett technique yields
unit cells. This estimate is an average, and each bilayer will novel low-dimensional thin films where the affects of
have some domains that are larger and some smaller andnterlayer interactions on magnetic properties can systemati-
some areas that are relatively disordered. The two processesally be studied. Each system shows the presence of
observed inyac(T) likely reflect two different sets of  ferromagnetic domains at low temperature; however, a
domains. Since the bilayers are fabricated using the samesignificant variation in magnetic behavior results upon
process for each sample, theNi-bi andFeNi-150samples  progressing from a two-dimensional monolayer that behaves
should possess essentially the same degree of structura@s a system of moderately interacting ferromagnetic particles
disorder within each bilayer. Therefore, the absence of a low- to the bilayer and multilayer films that display magnetic
temperature peak in thEeNi-150 sample may be due to  properties of a collective glasslike state. The spin-glass
interactions that are present in the multilayer sample but arebehavior of the bilayer and multilayer samples likely results
absent in the single bilayer, such as long-distance dipolarfrom spin frustration arising from a combination of structural
exchange forces. The dipolar exchange between layers couldlisorder, competing exchange anisotropies between the in-
provide an extra interaction pathway that ties the less plane and interplanar coupling, and the presence of dilute
coherent two-dimensional domains to the larger ones. Thediamagnetic Fe(ll) impurities. All of the materials studied
lack of similar dipolar forces in the isolated bilayer sample show highly anisotropic magnetic behavior, with the highest
results in each of these sets of domains adopting a uniqueanisotropy observed in the single-monolayer film. These
glass transition temperature. Similar dipolar forces have progressive changes demonstrate the influences of dimen-
been shown to operate over relatively long distanee35( sionality and interlayer coupling on the magnetic behavior
A inter-bilayer spacing) in other lamellar ferromagnetic in molecule-based materials.

materials®?

To influence the low-temperature magnetic response, the
interlayer interaction must be on the order of about ksK/
which over the interlayer spacing of 35 A requires moments
of approximately 13@s. Interestingly, the structural coher-

(42) Laget, V.; Hornick, C.; Rabu, P.; Drillon, M.; Ziessel, ®ord. Chem.
Rev. 1998 180, 1533-1553. 1C026158X

Conclusions
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