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The utility of the solvothermal dehydration strategy whereby
to form ammonium acetate is demonstrated in the synthesis
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superheated acetonitrile reacts with water of hydration
of [NHgMnCl,(OAc), I, and [NHJ,MnCl4(H,0);, I, from

MnCl,-4H,0. The structure of | is shown to crystallize in the monoclinic space group C2/c (No. 15) with a =
15.191(6) A, b = 7.044(2) A, ¢ = 13.603(6) A, B = 107.31°, V = 1389.7(9) cm~2, and Z = 8. The structure of

Il crystallizes in the space group 14/mmm (No. 139) with a

= 7.5250(5) A, b = 8.276(2) A, V = 468.6(1) cm,

and Z = 2. Both structures exhibit extensive hydrogen bonding that controls both local Mn—CI bonding and the

interchain organization. | is shown to be a one-dimensional H
constant J/k = —2.39 K. This structure exhibits exchange co

eisenberg antiferromagnet with an intrachain exchange
upling intermediate between the well-studied triply and

doubly chloride-bridged one-dimensional manganese Heisenberg antiferromagnets. The structure/property correlation
demonstrates a linear dependence of the exchange constant on the Mn—CI-Mn bond angle, a, for o < 94°.

Introduction

Their unique electrochemical and magnetic properties have
stimulated extensive investigation of the chemistry of
manganese compounds ranging from biological molecules

to advanced materials applications. Numerous complexes

with carboxylate and amine ligands have been studied to
model the active center of photosystemt4lAccessible

oxidation states with up to five unpaired electrons per metal
center have been exploited to prepare complexes with
multiple manganese centers resulting in very high spin

molecules. These molecules have provided the first demon-

stration of single-molecule magnétd.angmuir-Blodgett

opment of the design and synthesis of metalide frame-
work materials, we have begun to investigate syntheses with
spin-rich and electroactive manganese chlorides. The sol-
vothermal reaction of MnGi4H,0O in acetonitrile, reported
here, highlights solvothermal dehydration as a useful syn-
thetic strategy and yields a new one-dimensional Heisenberg
antiferromagnet that provides important insight into structure/
property correlations of ligand bridges that control magnetic
superexchange through ligand bridges.

Experimental Section

General Procedures.Reagents and solvents were purchased

films of manganese stearate provided the first demonstrationfrom Aldrich and Fisher. Solids were used as received, and moisture

of two-dimensional magnefsAlso lithium manganates are
under considerable exploration as cathode materials for
rechargeable lithium-ion batterie$n our continuing devel-
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was removed from the acetonitrile by storing it o¥eA molecular
sieves. Characterization by X-ray powder diffraction was performed
using an Enraf-Nonius Guinier camera. Single-crystal diffraction
data were collected using an Enraf-Nonius CAD4-MACH diffrac-
tometer. Elemental analysis was performed by Atlantic Microlab
Inc.

Synthesis.Caution! Solothermal reactions generate significant
pressures when heated, which can leadéssel rupture. Appropri-
ate shielding should be utilized such as placing the thick-walled (2
mm) fused-silica reaction tubes in a capped iron pipe during
heating.

[NH 4MnCI 5(OAc), I. A total of 300 mg (1.48 mmol) of MnGi
4H,0 was placed in a thick-walled (12 mm 0xl.8 mm i.d.) fused-
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Synthesis of [NH]MnCI;(OAc) and [NHy],MnCl4(H,0),

silica tube, into which 3 mL of acetonitrile was then added. The hydrogen atoms of the isomorphougMCl,-2H,0 structuré were
reaction mixture was frozen in liquidJNand the reaction tube was  used as the starting trial structure. All non-hydrogen atoms were
flame sealed to 10 cm for a 60% fill by volume. The reaction was allowed to be refined using anisotropic displacement parameters.
then placed in an oven at 15C for 8 days. Several large pink  Approximate hydrogen positions were obtained from a Fourier
swordlike crystals (2 mnx 1 mm x >10 mm) as well as smaller  difference map and then idealized (O;N = 0.86 A) with respect
needle crystals df were obtainedX 60% yield) along with as yet  to their parent O or N atoms. A full-matrix least-squares calculation
unidentified colorless and peach-colored powders. Elem anal. Calcdon 120 unique reflectionsg B 1o] was used in the final refinement.
for crystals ofl, C;H;NCI,O,Mn: C, 10.48; H, 3.08; N, 6.90. Final residuals oR = 0.040 andR, = 0.049 were obtained.

Found: C, 9.66; H, 3.65; N, 7.55. IR data (ch 3403 (s), 3182 Magnetic Susceptibility. Magnetic susceptibility measurements
(s), 1654 (m), 1560 (s), 1405 (m), 1048 (w), 1024 (w), 791 (W), were performed on an 11 mg sample of powdered single crystalline
664 (m). [NH4JMnCl,(OAc), I, loaded into a fused-silica container with the

[NH4J2MnCl 4 2H20, Il. In related reactions with poly(carboxylic ~ sample held between two fused-silica rods. Data were obtained over
acid)s, such as oxalic acid and 1,3,5-triazine, using the synthesis6—300 K at a field strengthfdl T using a Quantum Design MPMS
conditions above, crystals of (about 50%) were observed, SQUID magnetometer. The field dependence of the magnetization
identified by powder X-ray diffraction, along with small colorless data from 06 5 T was measured at 6 and 80 K. The linear field
crystals of Il (about 15%), identified by single-crystal X-ray dependence of the magnetization and zero-field intercept »f 2
diffraction. The balance of the material, about 35%, was an as yet 10> emu indicates the presence of no significant magnetic
unidentified colorless microcrystalline material that based on impurities. The susceptibility data were corrected for the sample
elemental analysis is anticipated to be a poly(carboxylic acid)- container and the estimated core diamagnetisind2 x 10~4 emu.
containing material.

Single-Crystal X-ray Diffraction. All crystals were coated in Results and Discussion
Apiezon grease under a nitrogen atmosphere and mounted in Pyrex
capillaries. Single-crystal measurements were performed at room Synthesis.Solvothermal reaction conditions are invaluable
temperature using a CAD-4 diffractometer with monochromatic Mo for crystal growth and the synthesis of many new solid-state
Ko radiation. Data were reduced and refined using the NRCVAX compounds. In addition to the enhanced solublizing and
suite of programs. transport capacity of a supercritical or near-supercritical

[NH4MnCl 2(OAc), I. A pink single crystal (0.40< 0.15x 0.15 solvent, the molecules of solvent often stabilize voids in the
mm) was cleaved from a larger crystal for the diffraction measure- formed crystalline networks. Water, the most commonly
ment. Lattice constants were determined by a symmetry-constrained, iji; e 4 solvothermal solvent, readily performs functions as
fit of 24 well-centered reflections between3 26 < 63" and . both solvent and lattice solvate. Another dimension to
their Friedel pairs. Data were initially collected in a triclinic setting; . S L
however, examination of the Laue symmetry clearly revealed solvother_m_al synthetic possibilities includes expl0|tat|_on of

the reactivity of the solvent and reactants. We previously

monoclinic symmetry. A unique quadrant of datah, k, |, was o
collected using the) scan mode with 2440 independent reflections, 'eported the use of superheated acetonitrile as both a solvent

26 < 50°. The data were scaled to three intensity check reflections and a dehydrating agent in the synthesis of the three-
using a five-point smoothing routine. An empirical absorption dimensional network of anhydroysMn(OAc),.2 The de-
correction was applied using-scan data. hydrating ability of acetonitrile takes advantage of the fact
The structure was initially solved using SIR92 in tGe space that, under the solvothermal conditions, acetonitrile can react
group. However, this solution indicated a higher symmetry con- with 2 equiv of water to yield ammonia and acetic acid (eq
sistent with the space groug2/c. After the cell was transformed 1) or ammonium acetate, recognizing the relative acid/base
to C2/c, DIRDIF was used to position the asymmetric unit correctly equilibrium. An anionic triacetate species of manganese (an
with regard to the crystallographic centers of symmetry. All non- as yet unknown species based on a search of the chemical

hy(.jrogen.pos.'t'ons were located by direct methods an.d refined USIngabstracts) is not formed even in the presence of the excess
anisotropic displacement parameters. The ammonium hydrogens

were then located in a subsequent difference Fourier map ang@mmonium acetate.
idealized to N-H = 0.86 A. The acetate hydrogens were introduced

into idealized positions with €H = 0.96 A. A full-matrix least- MeCN + 2H,0 — NH; + MeCOH 1)

squares calculation on 1025 unique reflectidns [1o] was used

in the final refinement. Final residuals & = 0.041 andR, = In an effort to expand the utility of this solvothermal

0.047 were obtained. dehydration reaction, we explored the solvothermal reaction
[NH4]2MnCl4-2H20, 1. A colorless single crystal (0.20 0.15 of MnCl,*4H,0 in acetonitrile. Under solvothermal reaction

x 0.10 mm) was selected for the diffraction measurement. Lattice conditions, the manganese chloride is dehydrated, the 4 equiv
constants were determined by a symmetry-constrained fit of 24 well- of water yielding 2 equiv of ammonium acetate per 1 equiv
centered reflections between®28 260 < 35° and their Friedel pairs. of the tetrahydrate starting material. However, unlike the
A unique octant of datdh, k, |, was collected using the scan dehvdration yof manganese acetaté hvdrate ' 1 equiv of
mode with 250 independent reflection®) 2 50°. The data were Y A g Y ! q .

{ ammonium acetate is added to the manganese chloride,

scaled to three intensity check reflections using a five-poin . ! . -
smoothing routine. forming the one-dimensional chain structure of [J¥INCl -

Systematic absences were consistent with ldfenmm space (OA(':), I, upon dehydration and condensation, instead of
group, which was confirmed in the subsequent refinement. The non-forming anhydrous MnGl

(6) Gabe, E. J.; Le Page, Y.; Charland, J.-P.; Lee, F. L.; White, B. S. (7) Jensen, S. Acta Chem. Scand.968 22, 647.
Appl. Crystallogr 1989 22, 384. (8) Martin, J. D.; Hess, R. -Chem. Commuril996 2419.
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Table 1. Summary of the Crystallographic Data

Martin et al.

formula [NHMnClI(OAc) [NH4]2MnCl4-2H,0
formula weight 202.92 268.85

temp,°C 20 20

space group C2/c (No. 15) 14/mmm(No. 139)
a, 15.191(6) 7.5250(5)

b, A 7.044(2)

c, A 13.603(6) 8.276(2)

B, deg 107.31(4)

vV, A3 1389.7(9) 468.6(1)

z 8 2

Pcale 1.940 1.905

A 0.710 73 (Mo k) 0.710 73 (Mo k)
w, mmrt 2.52 2.49

Ra 0.041 0.040

RiP 0.047 0.049

AR = JIIFo| — [FdVX|Fol. °Ry = Y(IFol — IFc)¥Z|Fol

Related reactions were performed using the manganese
chloride tetrahydrate starting material in the presence of
additional poly(carboxylic acid)s in an attempt to form metal
carboxylate networks. Under these conditions with oxalic
acid, or 1,3,5-triazine, an approximately 15% vyield of the
hydrated salt, [NH.MnCl,-2H,0, I, was observed, along
with a reduced yield ofl and an as yet unidentified
carboxylate-containing species. These results suggest that. . . . .

L. . L. . Figure 1. (a) ORTEP view of the one-dimensional chain of [§MnCl.-
more acidic reaction conditions reduce the dehydrating (OAC), 1. giving the atom labeling scheme. (b) Crystal packing diagram
efficiency of the superheated acetonitrile. looking down theb axis. Hydrogen-bonding interactions between the

Structure and Bonding. A summary of the crystal- ammonium cations and the acetate oxygen and chlorine atoms are drawn

. : as red and yellow bonds, respectively.
lographic data for the single-crystal structures of [¥H
MnCI(OAc), I, and [NH]-MNnCls-2H:0, 11, is givenin Table  orientation of the tetrahedral [N cations. The O(1)- - -
1. Full details of the structure solutions are available in the H(3) = 2.04 A and O(2)- - -H(1)= 2.01 A contacts are
Supporting Information. coplanar but are tilted 2Dut of the Mn-O—O—Mn plane.

[NHMnCI »(OAc), 1. The structure of exhibits chains  Much weaker intrachain CI(1)- - -H(3} 2.96 A and CI-
of manganese chloride acetate that run along the crystal-(1)- - -H(1) = 3.02 A contacts are also observed. Hydrogens
lographicb axis as shown in Figure 1. The bidentate acetate H(2) and H(4) are oriented orthogonal to the inorganic chain
ligands force this structure to be intermediate between the but form strong interchain H- - -Cl hydrogen bonds linking
two classic structure types of an AB¥ace-shared octahedral  the chains in thex andc directions as shown in Figure 1b.
chain, such as [NMgMnCls,° and the edge-shared octahedral The pair of strong CI(2)- - -H(4¥ 2.45 A contacts with near-
chain of [HNMe&][MnCl»(H,0)][CI]. *°In |, the manganese  |inear N—H(4)—Cl(2) = 171.4 hydrogen-bond contacts link
atoms reside along the 2rystallographic axes with Mn neighboring chains along tha direction. This strong
Mn separations of 3.52 A. The acetate ligands symmetrically hydrogen bonding is also responsible for the above-
bridge between manganese atoms with-Mhdistances of  mentioned lengthening of the MrCI(2) bonds by about 0.1
2.14 A (average) and an MrO—C angle of 135 (average).  A. Hydrogen H(2) forms weaker hydrogen-bonded bridges
The two nearly symmetrical chloride bridges are made between CI(1) and CI(2), with distances of 2.66 and 2.82 A,
distinct from each other by different hydrogen-bonding respectively, linking neighboring chains along theirection.
interactions with the ammonium cation. CI(2), with the [NH]2MNnCl 42H,0, 1. The structure ofll is isomor-
closest contact to the ammonium cation, exhibits the longestphous to the known crystal structure ofMnCly-2H,0,’
Mn—Cl(2) distances, 2.62 A (average), whereas with less which exhibits a body-centered tetragonal distribution of
Cl- - -H hydrogen bonding, MrCI(1) = 2.52 A (average).  isolated MnCI(OH,), octahedra as shown in Figure 2. The
This hydrogen-bond-induced elongation of the manganesewater molecules are located on 4-fold axes; thus, the
chloride bonds is also reflected in the slightly smallerMn  hydrogen positions are crystallographically disordered. The
Cl(2)—Mn = 84.66(5) bond angle as compared with Mn  ammonium cations are oriented such that each hydrogen
CI(1)—Mn = 88.55(5}. forms weak hydrogen bonds that bridge two edge chlorides

The ammonium cations sit in the troughs between neigh- of neighboring octahedra, NH- - -G 2.70 A and N-H- - -
boring acetate ligands with strong intrachain hydrogen bonds C| = 135.87. The primary difference between this structure
to the oxygen atoms of the acetate ligands, which fix the with the ammonium cation and that of the previously reported

. : potassium salt is a 0.11 A expansion in théd lattice
(% 'é:ﬂggr&stg?i??'é?(/?/ﬁltﬁ,r’R?Ig.\;Ctl\au(i:rr,yiacltlgg(r:'élgsgIgsyr.ggﬁ B32 constants for the ammonium salt. This is inverse to the
2639. expected trend based on their relative ionic radii N
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Figure 3. Plot of the magnetic susceptibility data (open circles)l{dit
to the BonnerFisher formalism (solid curve) witli/lk = —2.39 K (left

axis) and Curie-Weiss plot of 1¢ vs T (open squares, right axis) with a
linear regression fit (solid line) for data above 80&+ 4.65,0 = —35.63).

Chart 1
Figure 2. ORTERP plot indicating the crystal packing in the [)MnCl-

(H;0), salt, Il . ‘

M
1.51 At and Kt = 1.52 A (CN= 6) and 1.65 A (CN= " "
8)'?), suggesting that differential hydrogen bonding may be

responsible for the subtle difference in structures. The \
intermolecular hydrogen bonding is dominated by the OH- - - N B B i
Cl = 2.581 A and G-H- - -Cl = 155.15 contacts, which

are significantly longer irll than the analogous 2.470 A

and O-H- - -Cl = 174 contacts in the potassium salt{®

distances from the reported crystal structure of the potassium sy
salt were idealized to 0.86 A for comparison). The NH- - -

Cl hydrogen bonding from the ammonium cation, which is berg antiferromagnet$;'>and almost an order of magnitude
not available in the potassium salt, competes with the OH- - - greater than that found in the-type [A]IMNCl,(H,O),[CI]

Cl hydrogen bonding inll. However, the resultant net (A = HNMes", CH,NH™, and Hpy) one-dimensional
influence of the hydrogen bonding on M&I bonds is chainst®~18 By contrast, the exchange constant linis
constant between the'kand NH,* structures, consistent with  essentially equivalent to that observed for thetype [A]-
the observed MrCl Ad of only 0.013 A, as compared to  MnCls(H,0), (A = H.NMe;*, HsNMe*, and C$) chains!®2.
the Mn—Cl Ad of 0.11 A observed as a result of the These comparative data are summarized in Table 2.

differential hydrogen bonding i. However, the more Common to each of these classes of chain compounds are

indirect NH- - -(Cl}, hydrogen bonds to the octahedral edge the metat-chloride bridges, which provide the primary

do not compensate the lattice effects of the loss of the directpathway for the magnetic superexchange. The meteital

OH- - -Cl hydrogen bonds resulting in the expanded lattice distances (see Table 2) are too great for any significant direct

for the ammonium salt. exchange, and furthermore, the increase in the magnetic
Magnetism vs Structure. The magnetic susceptibility of  exchange on going from, to «; structures is inverse to what

| is plotted in Figure 3. Above 80 K, the data exhibit Cutie  would be expected based on the respective distance between

Weiss behavior withier = 6.09ug, consistent with spirs metal centers. The MACI distances, however, are essentially

= 3,Mn(ll). Antiferromagnetic ordering is observed with a constant throughout this entire series of compounds, averag-

maximum in the susceptibility at 20 K, which is well fit by

the Bonnetr-Fisher model for a Heisenberg antiferromadghet  (14) Dingle, R.; Lines, M. E.: Holt, S. LPhys. Re. 1969 187, 643.

with an inrachai exchange considt= 239 K. Given (19 9 A, . €5 e = et R et 1 o

that the expanded acetate ligand bridgel inesults in a Rev. B 1978 17, 1285.

structure that can be described as intermediate between thafl6) %%rzh%nt.sgg McElearney, J. N.; Shankle, G. E.; Carlin, FRHhysica

ofa face'ShareﬂTpr? and edge-_share,d-type (see C.:hart (17) Caputo, R. E.; Willett, R. D.; Morosin, Bl. Chem. Phys197§ 69,

1) octahedral chain, it is interesting that the magnitude of 4976. _ _

its exchange constant is about half that found for gge ~ (18) ﬂ‘;ﬁafdsr P. M. Quinn, R. K.; Morosin, B. Chem. Phys1973 59,

chains of [A]MnCk (A = NMe;" and HNMe;"), which have  (19) (a) Caputo, R. E.; Willett, R. DActa Crystallogr.1981, B37, 1618.

been exhaustively studied as “ideal” one-dimensional Heisen- ~ (b) Boersma, F.; Tinus, A. M. C.; Kopinga, K.; Paduan-Filho, A.;
Carlin, R. L.Physical982 B114 231.

(20) (a) Caputo, R. E.; Willett, R. DActa Crystallogr.1981, B37, 1616.

(11) Jenkins, H. D. B.; Thakur, K. B. Chem. Educl1979 56, 576. (b) Simizu, S.; Chen, J.-Y. Friedberg, S. A.Appl. Phys1984 55,

(12) Shannon, R. D.; Prewitt, C. RActa Crystallogr.1969 B25, 925. 2398.

(13) Carlin, R. L.MagnetochemistrySpringer-Verlag: New York, 1986; (21) Kobayashi, H.; Tsujikawa, |.; Friedberg, S. A.Low Temp. Phys.
Chapters 6 and 7. 1973 10, 62.
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Mn-Cl-Mn (°) dimers with obtuse values of.?* In the latter work,J = 0
o % < o, | %0 was predicted to occur at = 97.5.
~

; N Jk = (0.40 K/degy — 38 K )

- ...
5'3 > The angular dependence of the intrachain exchange
54 coupling in the octahedral manganese(ll) chains can be

-5 7 qualitatively traced to thegdype metat-ligand o* interac-

6 1 . tions, similar to that described for the magnetic superex-

7 change in square-planar copper dim@&rby using a spin-

Figure 4. Plot of the exchange couplind/k) vs the Mn—CI—Mn bond dimer approach to extended syste?iﬁﬁhe primary path for
angle,a, for the series of chloride-bridged manganese chains described in . .

Table 2. The solid line is the linear fit to the acute-angle ligand-bridged SUP€rexchange with acute-angle bridges, such as that ob-
data foruy- andus-type chains, suggesting a special angle= 93.7 for served for theus-type chains, utilizes the chlorine orbital of
acute-angle ligand bridges whelde= 0. The dashed line corresponds to

the linear fit to the assumed special angle of 97d6 obtuse-angle ligand type A, sketched below.

bridges and the observed data fartype chains.

Table 2. Structure versus Intrachain Magnetic Coupling in A B
Chloride-Bridged Manganese One-Dimensional Chains s 2
Mn—Mn Mn—Cl—
(

[—Mn
compound type (A) (average)(deg) Jk(K) ref

[HN(MepMnCls- 41 4.67 12760 —2.65 19

(H20)2 A, B,
[HNMelMnCls w1 4.60 127.58 —3.01 20

(H20)>
CSMNCHH.O), 1 4.55 124.78  —3.0 21
[HN(Me)}MnCl- u>  3.72 9348 —0.36 10and 16

(H0)[CI]
[CoH/NH] MNCl- 12 3.70 92.78 —0.36 17

(H0)[CI] Cc
MNnCla(H;0), w  3.69 9255 —0.45 22
MnClx(py)2 Uz 3.7 ~93 —0.59 18
[HpyIMnCl - e 3.67 9216 —0.69 17 and 18

(H0)ICI]
[NHJAMNCI(OAC) usis  3.52 86.58 —2.39 this work
{Hmﬂg{ﬁas " ggg ;g:g? _g:; 58 1o By contrast, the antisymmetric orbital of type Bill provide

the primary path for superexchange for obtuse-angle bridges.

ing about 2.55 A. The primary role of the chlorine bridges [N the case of the acute-angle bridge, the symmetdc A
in the superexchange is further exemplified by the minimal interaction will be destabilized with respect to the antisym-
variation in the exchange constants of [A]MaE,0)[CI] metric A, WhICh results in the stabilization of_the_spln-d_|mer

(A = HNMes*, CoH-NH*, and Hpy'), MnCl,(H,0),,22 and smglet, antlferro_magnetlc ground_sta_te._ A spin-dimer singlet,
MnClx(py).,# which all adoptuz-type structures. None of antiferromagnetic ground state will similarly be observed for

the changes in the ancillary ligands or cations have a major Structures with obtuse-angle bridges in whichis desta-
impact on the intrachain exchange coupling (Table 2), bilized with respect to B The Ae between symmetric and

although they do impact the weaker interchain coupling. The antisymmetric interactions, which directly correlates to the
acetate ligand i similarly appears to play a minor role in anﬂ?r:ﬁn rt?r%t ]%frtgsne]ﬁ2?er}?ﬁe(é?gtset%izt:ledrjﬁ;]eﬂrggf;%eich
the intrachain coupling, consistent with previous reports of : : : . .

. L . At this special angle wherAe is at a minimum, there will
acetate ligands only weakly mediating magnetic exchange, . . : o .
as compared to a single atom brid§eThe greater super- be little superexchange, with the linear combination of atomic

. ' . . orbitals shown in C giving at best weak/*-type super-

exchange through chlorine is, in part, explained by its lower gving A b

lect fivit q diff bitals than th found exchange. In this region the spin-dimer triplet will be the
electronegativity and more difiuse orbitals than those foun ground state, thus giving rise to ferromagnetic exchange.

for the acetate oxygens. Interestingly, there is a systematic While the hydroxide-bridged®dCu(ll) dimers are very

linear correlation between the MiCI—Mn bond angleq, different from the chloride-bridgecfdn(I1) chains, and thus

and the intrachain exchange constans shown in Figure  one myst be cautious regarding overinterpretation, the
4. Compound, with o = 87", is a missing link between the  ,¢tahedral manganese system seems to provide experimental
us-type chains witho ~ 79° and theu-type chains witho. confirmation of the theoretical predictions for superexchange
~ 92°. This linear relationship for acute valueswfgiven through acute-angle ligand bridgethat were based on the

result is complementary to the linear relationship reported

by Hatfield and Hodgson for hydroxo-bridged copper(ll) (24) Crawford, W. H.; Richardson, H. W.; Wasson, J. R.; Hodgson, D. J.;
Hatfield, W. E.Inorg. Chem.1976 15, 2107.

(25) Hay, P. J.; Thibeault, J. C.; Hoffmann, R.Am. Chem. Sod.975

(22) McElearney, J. N.; Merchant, S.; Carlin, R. Inorg. Chem.1973 97, 4884.
12, 906. (26) Whangbo, M.-H.; Koo, H.-J.; Dai, . Solid State Chen2003 176,
(23) McKee, V.; Zvagulis, M.; Reed, C. Anorg. Chem1985 24, 2914. 417.
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() is expected to exhibit] coupling of at least 25 times cant control over both the local MrCl bonding and the
less than a spin dimer & = /,Cu(ll). However, special lattice organization of these salts.

angles wherg/k = 0 of o = 93.6" based on acute-bridged Magnetic susceptibility measurements lofshow it to
systems described in this work and= 97.5 based on  njcely fit the BonnerFisher model for a Heissenberg
obtuse-bridged systems described by Hodges and Haffield antiferromagnet with an exchange constilkt= —2.39 K.
suggests a small range of ligand-bridged angles whereThe magnitude of this magnetic exchange is intermediate
intrachain ferromagnetic coupling may be observed. Ferro- petween that of two classic one-dimensional Heissenberg
magnetic coupling is, in fact, observed in the copper(ll) antiferromagnetic systems with two or three chloride bridges.
system for 97.5> a > 95.6".2* The limited set of data for A comparison of the structural and magnetic behavior of a
the us-type Mn(ll) chains listed in Table 2 shows increased ggries of chloride-bridged octahedral Mn(ll) chains demon-
antiferromagnetic exchange constants for structures with gtrates a linear correlation between the Mzi—Mn bond
obtuse-angle ligand bridges. If the obtuse-angle limit is gngje and the magnitude of the intrachain exchange constant.
assumed to be 97.3based on the copper hydroxide system, This work provides the complementary structure/property
then using the exchange constant data ofrtype chains,  cqrrejations for acute-angle ligand-bridged systems for
the linear relationship shown by the dashed line in Figure 4 ¢,mparison with previously assembled data for obtuse-angle
[Jk = (~0.0977 K/deg) + 9.50 K] offers a prediction for jigand-bridged copper dimers, giving a more complete
the antiferromagnetic exchange constants of additional Mn-nqerstanding of the structural and ligand orbital effects on

(I1) chains. magnetic superexchange.
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