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The synthesis, crystal structure, and properties of [(MtCPA),(H,0),],, (MCPA = 2-methyl-4-chlorophenoxy-

acetic acid) 1, a 2-D manganese carboxylato polymer is reported. The synthesibad been achieved via the
reaction of MCPA with MnGJ-2H,O and NaHCQ in methanol. Crystal structure data: 1§8,0Cl,0OsMn];
orthorhombic; space groupbcg a = 7.811(6) A;b = 34.67(3) A;c = 7.481(6) A;Z = 4. The compound has

a two-dimensional structure with Mh atoms in an octahedral environment and mixed water/carboxylate
coordination. The metal atoms are segregated in planes which are perpendiculabtaxieeand are spaced

17.73 A apart. Variable-temperature magnetic susceptibility measurements indicate the presence of antiferro-
magnetic behavior. The EPR spectra of polycrystalline sampldska show that the intensity of the signal
decreases significantly with decreasing temperature and belbw becomes EPR silent.
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. L . . - Chim. Actal983,69, 53. (b) Smith, G.; O'Reilly, E. J.; Kennard, C.
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In this paper we report the crystal structure and magnetic
properties of the two-dimensional (2-D) polymer [MRICPA),-
(H20)2]n which represents only the third example of a layered
polymeric Mr¥t/carboxylate compound.

Experimental Section

The following abbreviations are used throughout the text: MCPA
= 2-methyl-4-chlorophenoxyacetic acidpph= diphenylpicrylhydra-
zyl, dmf = dimethylformamide.
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Materials. The chemicals for the synthesis of the compounds were
used as purchased. @BH was distilled from magnesium and was
stored ove 3 A molecular sieves. MCPA and Mng4H,0 were
purchased from Aldrich Co. All chemicals and solvents were reagent
grade.

Physical Measurements Infrared spectra (4004000 cn1?) were
recorded on a Perkin-Elmer FT-IR 1650 spectrometer with samples
prepared as KBr pellets. UWis spectra were recorded on a Shimadzu-
160A dual-beam spectrophotometer. EPR spectra were recorded on a
Bruker EPR 300 spectrometer equipped with a Varian variable-
temperature controller. dpph was used as an external standard. Room-
temperature magnetic measurements were carried out by Faraday’s
method using mercury tetrathiocyanatocobaltate(ll) as a calibrant. C,
H, and N elemental analysis were performed on a Perkin-Elmer 240B
elemental analyzer; Mn was determined by atomic absorption spec-
troscopy on a Perkin-Elmer 1100B spectrophotometer. The variable-
temperature magnetic measurements were carried out on a polycrys-
talline sample (30.0 mg) using a Quantum Design Squid susceptometer,
and 60 points were collected in the range temperature—<800 K.

The applied magnetic field was 1000 G. The correction for the
diamagnetism of the complex was estimated from Pascal constants; a
value of 56x 1075 cm® mol~* was used for the temperature-independent
paramagnetism (TIP) of the Mn ion. The magnetism of the sample
was found to be field independent. Electric conductance measurements
were carried out with a WTW Model LF 530 conductivity outfit and

a type C cell, which had a cell constant of 0.996. This represents a
mean value calibrated at 2& with potassium chloride. All temper-
atures were controlled with an accuracy of 0Q using a Haake
thermoelectric circulating system.

Preparation of the Compound. Synthesis of Bis(aqua)bis[(2-
methyl-4-chlorophenoxy)acetatolmanganese(ll1). MCPA (10.0
mmol, 2.00 g) was dissolved in GAH (50 cn?), and 5.0 mmol of
MnCl2:2H,0 (0.99 g) and 5.0 mmol (0.42 g) of NaHG@ere added.

The reaction mixture was stirredrfé h and reduced in volume under
vacuum. Crystals of [Mn[gHs(CHs)Cl-OCH,COOL(H20);]n (1) suit-

able for X-ray structure determination were deposited by slow evapora-
tion in 1 week. Yield 60% K, = 490.20). Anal. Calcd for
CigH20Cl,0gMn: C, 44.10; H, 4.10; Mn, 11.20. Found: C, 44.60; H,
4.20; Mn, 10.90. IR (KBr pellet, crt) »(O—H) 3510 (vs);vad{COy)
1580 (vs);vsym(COy) 1415 (vs). UV-vis [A(e), dmf] 280 (2300).1 is

not an electrolyte in dmf solution.

X-ray Crystal Structure Determination. A pale-yellow prismatic
crystal of 1 with approximate dimensions 0.08 0.12 x 0.50 mm
was mounted in air. Diffraction measurements were made on a Crystal
Logic*® dual goniometer diffractometer using graphite-monochromated
Mo radiation. Crystal data and parameters for data collection are
reported in Table 1. Unit cell dimensions were determined and refined
by using the angular settings of 25 automatically centered reflections
in the range 11 < 26 < 23°. Intensity data were recorded usiég 20
scan to B(max) = 48° with scan speed 1.5 deg/min and scan range
2.5 29 deg plusa, 0, separation. Three standard reflections monitored
every 97 reflections, showed3.0% intensity fluctuation and no decay.
Lorentz, polarization ang-scan absorption corrections were applied
using Crystal Logic software.

Symmetry equivalent data @fwere averaged witR(int) = 0.0533,
respectively to give 1594 independent reflections from a total of 3187
collected. The structure was solved by direct methods using the
programs SHELXS-88 and refined by full-matrix least-squares
techniques onFwith SHELXL-93* using 1593 reflections and refining
173 parameters. All hydrogen atoms were located by difference maps
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Table 1. Crystallographic Data for
[Mn[CeH3(CH3)Cl-OCH,COOL(H:0)]a (1)

1
F ClgHzoclzogMn
a 7.811(6) A
b 34.67(3) A
c 7.481(6) A
\Y, 2026(3) B
T 298 K
space group Pbca
4 4
Fw 490.20
A 0.710 73
Pobsd 1.59 g cn®
Pcalcd 1.607 g cnd

u 0.927 mnm?
Reindices [1092 refs > 20(1)] R, = 0.0409WR; = 0.0910

aw = 1/[o4F?) + (aP)? + bP] and P, = (maxF4?, 0) + 2FHA)/3,
wherea = 0.0365,b = 1.1508. Ry = 3 (|Fo| — |Fe|)/Y(IFol); WR: =
{>IW(Fo* = FAA/ T IW(FoA)T}H2

Figure 2. Stereoview packing diagram.

Table 2. Selected Bond Distances (A) and Angles (deg)lof
Bond Distances (A)

Mn—0O(1) 2.179(3) Mn(1}O. 2.172(3) C(1)-O(2) 1.260(4)

Mn—0(2) 2.183(3) C(1)-O(1) 1.242(4) MnMn(l) 5.40

Angles (deg)
Ow—Mn—(0y)1 180.0 O(1)-Mn—0(2),  96.37(10)
O(1x—Mn—(Oy);  88.80(13) O(1yMn—0O(2)  83.63(10)
O(11—Mn—0y 91.20(13) O(2-Mn—(Ow)1  90.22(12)

O(1-Mn—0, 88.80(13) O(2—Mn—0y 89.78(12)
O(1-Mn—(Oy);  91.20(13) O(1)-Mn—0O(2);  83.63(10)
O(1y—Mn—0(1) 180.0 O(1}Mn—0(2);  96.37(10)

O(2p—Mn—(Oy):  89.78(12) O(2-Mn—O(2)s 180.0
0(2—Mn—0, 90.22(12)

Figure 1. 2-D polymeric structure. For clarity, only the carboxylate a Symmetry code: O(1) —X+ 2, =y + 1, —Z O(2), —X + 35, —y
groups of the MCPA ligands are drawn. +1,2— Yy, O, X + o, y, =2+ Ya.

and their positions were refined isotropically. All non-hydrogen atoms ~ The intralayer Mm--Mn separation is~0.2 A longer than
were refined anisotropically. The final values fer, wR;, and GOF, that found for the 2-D analog (MpPMn = 5.21 A) but
for observed data with > 20(l), are given in Table 1, for all data  significantly longer than that found for Mrcarboxylato-bridged
these are 0.0729, 0.1114, and 1.111, respectively. The maximum andcompounds (Table 3). We may distinguish three distance areas
minimum residual peaks in Fhe fine}l diﬁergnce map were 0.349 and g Mn!l-.-Mn'! separations: an area between 3.10 and 3.70 A
—0.324 e/R. The largest shift/esd in the final cycle was 0.022. in which the coordination modes—7 may be included, the
range between 4.00 and 4.30 A with examples of the coordina-
tion modes 8 and 9, and this between 5.30 and 5.70 A with
Description of the Structure. The compound possesses a unibridged mode 10. The coordination polyhedron is slightly
lamellar structure similar to that of [MniEi;OCH,COOL- removed from idealized octahedral symmetry, as is obvious from
(H20)2]n,2" which is infinitely extended along the- and the bond distances and angles about the coordination sphere
c-crystallographic directions. The Mhcenters are octahedral, (Table 2). A view of the 6-fold coordination octahedron and
and they are bridged by carboxylate groups forming the infinite the atom numbering scheme is presented in Figure 3. The Mn
sheets. The coordination sphere around Mn is centrosymmetric,0,, = 2.172(3) A distance shows a slight difference to an
consisting of two oxygens from water molecules and four analogous 2-D polymé&f [Mn—0, = 2.216(2) A] but lies in
oxygens from MCPA ligands. The coordination of MCPA the range found for a number of manganese(ll) polymeric
ligands involves carboxylate oxygen atoms only, where each complexes involving coordinated wafé#’ The presence of
carboxylate group bridges two Mn atoms. This bridging water coordinated to the Mh atoms provides the opportunity
arrangements generates the 2-D polymeric structure (Figure 1)for controlled selectivity dehydration of the compound to give
in which the closest Mn-Mn separation is 5.40 A. The layers rise to activated Mn atoms in the layers through coordination
stack along theb axis and are separated by van der Waals unsaturation. The MAaO(carboxylato) [MR-O(1) = 2.179(3)
contacts. The Mn atoms within a layer are found in the (010) A, Mn(1)—0(2) = 2.183(3) A] distances are very similar while
and in the (020) planes, which gives an interlayer separation of the G-O(carbonyl) [C(1}-O(1) = 1.242(4) A] and G-O(hy-
17.73 A (Figure 2). droxyl) [C(1)—0(2) = 1.260(4) A] distances of the herbicide

Results and Discussion
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Table 3. Mn'"---Mn" Separation with Various Coordination Modes of Carboxylato Bridges

coordination mode Mh--Mn" sep (A) coordination mode Mee-Mn' sep (A)
1 ~..20 3.53 6 | | 3.387¢ 3.614¢ 3.635! 3.700f 3.658f 3.560°
¢ _C C 3.716%3.69113.370f 3.6009 3.753
o) (‘) (.) 0~ \\0
<~/ \ — M M
EZANVARNY 7
? \(':/
A0
2 | 3.760' 7 | ' 3.29i 3.50! 3.351 3.595¢ 3.621? 3.589'
C
0/ > o/ \0 o—
A S
NN “TTRS
0I o\c/o
|
3 [ 3.150V 3.163 8 | 4.034' 4,558 4.444
/0 o~ o7 o
Mn/MT/—— _» ‘
70 X o7l /1IN
0\ /O | S~
C C— C
| /0
4 l 3.39 9 | 4.145° 4.6430 4.849! 4.557
oo 0/ 0-“~o
L ~ L/
Mn~ Mn— 7Mn Mn<
/N7 N\ /| LN\
ci) ~\, /0
/C§0 l
5 | | 3.289 10 | 5.4095.4555.598! 5.796.4
Cs _Co
/S0 0”7 o
O/C\O 0 ~.| |/
S S
7N/ \
9
/CQO

a Mn[C6H2CI3-OCHZCOO]2(H20)4].3'°‘ b Mn(CszcOO)z(H20)2.23 ¢ Mn3(CHsCOO)(bpck(py)a(H20)., (H2bpc= 2,2-bipyridyl-3,3-dicarboxylic
acid)2® 9 Mn3(CH;COO)(phen), (phen= 1,10-phenanthrolinéf. € Mnz(CHzCOO)(bipy)., (bipy = 2,2-bipyridine)1” f Mny(CH;COO)(BIPhMe),
(BIPhMe = 2,2-bis(1-methylimidazolyl)phenylmethoxymethari&)9 Mn(CH;COO)-4H,0.26 " Mn{HB(3,5-Ptpz)s} (u-OBz)Mn(3,5-PhpzH),
(HB(3,5-Phpz)s = hydrotris(3,5-diisopropyl-1-pyrazolyl)borate, 3,5-BzH = 3,5-diisopropylpyrazole, Obz= benzoaté® ' K,{ Mn(H.O),-
[Mn3O(HCOOY]2} ™ i [L2Mny(u-OH)(u-CH3COOY]CIO, (L = N,N',N"'-trimethyl-1,4,7-triazacyclononan&. ¥ [L ;Mn,(u-OH)(u-MeCOO})] PFs
(L = N,N',N"-trimethyl-1,4,7-triazacyclononané&® '[L,Mn(u-CHsCOO)] [BPhs (L = N,N',N"-trimethyl-1,4,7-triazacyclononané&y
™ [Mn{ (CH3)sNCH,COG} 3],:-nMNCl4.182 " Mng(CRCOO)(benz) (benz = benzonitrile}®® ° [Mn(tpa)(u-MeCOO)} (TCNQ), (tpa = tris(2-
pyridylmethyl)amine, TCNG= tetracyanoquinodimethan®).” [Mn(bipy)s(ta)](ClOs). (ta= terephthalate, bipy: 2,2-bipyridine)?° 9 [Mn[C¢H3(CH3)Cl-
OCH,COOL(H20);]n, present work! [{ Mn(bipy)(H20)} 2 { (CHz)sNCH;COO} [(ClO4) 4 2H,0.188 8 [Mn(C4H405)(H20)]n*H20.2 t Mny(XDK)(NO3)-
(CH30H)4(H20) and M(XDK)(bpy)2(NOs)(H20), H;XDK = m-xylenediaminebis(Kemp’s triacid imidéj® ! Mny(LO)(u-OAc),(ClO4), LOH =
2,6-bis[[[2-(2-pyridyl)ethyllamino]methyl]phendf. ¥ {Mn,(H0)(piv)s(Mepy)] and Mn(H.O)(OAck(tmeda).t*¢ W Mn3(py)s(OAC)s(us-OH)(cat)

ligand show an unsymmetrical coordination mode, in contrast the signal is very close to zero at the lowest temperature,
to the analogous 2-D polymer in which the two distances are increases to a maximum atl8 K, and then decreases with

identical 1.250 A7 increasing temperature. The intensity of the signal was
The herbicide ligands havesyn—anti arrangement around  calculated by integration over the magnetic field range 2400
the manganese(ll) atom with a dihedral angle of 73fo4 the 4200 G. The importance of the temperature dependence of the

cis-carboxylato planes. The phenyl plane is almost perpen- line width in the study of one-, two-, and three-dimensional

dicular to the carboxylato plane [CED(1)—0O(2)] resulting systems as well as 0-D complexes has Bkeonfirmed. In

in a dihedral angle of 8while to the plane [C(2yC(1)-0O(1)— the case of 2-D antiferromagnets, the line width increases

0O(2)], which includes the carboxylato group the dihedral angle, dramatically when the temperature reachesTig point52-54

is 86.8. The interlayer Mr-Mn separation is 17.73 Awithout ~ An explicit study of the temperature dependence of the line

any H-bond interaction. width at the temperature range-80 K is shown in Figure 6.
EPR Study. The EPR behavior df is consistent with long- At 4 K the line width is 560 G, which is lower than the value

range order in a two-dimensional Heisenberg antiferromagnet. found for other 2-D antiferromagnet353 almost 3500 G for

The temperature dependence of the spectra at three selecteg,MnF, and RbMnF,, but in accordance with the small

temperatures is shown in Figure 4. More specifically, the three

fSpeCtra at 4, .18’ and 58 K.repre,sent three |mportant extremeS(SI) Bencini, A.; Gatteschi, DEPR of Exchange Coupled Systems

in the behavior ofl. The intensity of the signal decreases Springer-Verlag: Berlin, 1990.

significantly at 4 K, a temperature very close to the temperature (52) Wijn, H. W.; Walker, L. R.; Davis, J. L.; Guggenheim, H.Sblid

where the magnetic ordering occurs and where the sample .. %ﬁiﬁ;@f‘“g"_“&?gﬁ#f?m Bhys. Re. B 1974.9, 32.

becomes EPR silent. The temperature dependence of thess) escuer, A.; Vicente, R.; Goher, M. A. S.; Mautner, Fldorg. Chem.

intensity of the signal is shown in Figure 5. The intensity of 1995,34, 5707.




A 2-D Mn" Carboxylato Polymer

Figure 3. ORTEP view ofl with 50% thermal ellipsoids showing the
atom labeling scheme.
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Figure 4. Powder ESR spectra df at various temperatures.
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Figure 5. Temperature dependence of the intensity of the sigral
2 over the field range 20604500 G forl.

antiferromagnetic interaction due to the large-MKkin separa-
tion and the lowTnee Value. A quantitative view of the increase
of the line width is represented also in Figure 4 where the
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Figure 6. Temperature dependence of the line widtH for the 1.
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Figure 7. Magnetic susceptibility ofl plotted asym versusT (left
axis) andymT versusT (right axis) with the fit to eq 1.1(solid line).

Magnetic Studies. Variable-temperature solid-state magnetic
measurements were performed on powdered samples in the
range 3-300 K at various magnetic fields. The susceptibility
increases as the temperature decreases, reaching a maximum at
Tmax = 6.2 K with ym = 0.177 cni mol™%, and then slowly
decreases to a value gfi = 0.165 cni mol~! at 3 K (Figure
7). The value ofyuT at room temperature is 3.7 émol~1 K
(uett = 5.43 ug), close to the spin-only value for the Mion
(ueft = 5.91us), and decreases to the value of 0.4%¢nol !

Kat 3 K (uert = 1.99ug). The decrease of thgT is indicative

of a small antiferromagnetic interaction, and the behavior at
the low-temperature region is consistent with that of a two-
dimensional Heisenberg antiferromagnet. The isotropic behav-
ior of the system is maintained to 3 K, below the maximum of
susceptibility, and th@yeel is close to that temperature. We
anticipate the anisotropy of the systetthe parallel susceptibil-

ity tends to zero whereas the perpendicular susceptibility
increases slightlyto appear bele 3 K according to the EPR
findings. According to Lineé® the high-temperature susceptibil-
ity data have been fit to the expansion series,

NgzﬂZB

2l

GCn

=30+ (1)

= en—l

spectrum &4 K becomes considerably broader than the other Wheret = kT/2|J|S(S+ 1); C, are the coefficients given in ref

two. The isotropic signal is centered aroumer 2 with small
temperature variations.

(55) Lines, M. E.J. Phys. Chem. Solid970,31, 101.
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5556 All the other symbols have the usual meaning, f@=a magnetic behavior of the latter is weakly antiferromagnetic with
5/, antiferromagnetic layer. The validity of this expansion J= —0.193 cn1?, very close to the value of 1(= —0.30(1)
cease® to be of much gquantitative value beldW ~ 1.8/J|S(S cm™1). The Mr--Mn separation in {Mn(bipy)(H20)}2-
+ 1). The correlation between the maximufyax in the {(CH3)sNCH,CO,}J[ClO4]4 is 5.598 A similar to the intralayer
susceptibility data and the intraplanar exchantjes separation of the manganese iond iMn---Mn = 5.4 A). The
decrease of the antiferromagnetic interaction is probably related
max to the decrease of the number of the carboxylato bridges between
29 1.125S+ 1)+ 0.10 (2 the two paramagnetic centers. The large interlayer-Nun
separation of 17.73 A fat makes the interaction through layers
negligible at high temperatures, giving a good example of a
local S = %/, two-dimensional magnetic system. A recent
reporf* of a 2-D Heisenberg antiferromagnetic Mpolymer
with azide bridges and a coordination sphere consisting only
of nitrogen atoms also shows an antiferromagnetic behavior with
J = —3.83 cnt! and Tmax = 51 K. This system has a
characteristic plot witfT; around 35 K, at which temperature it
becomes anisotropic and EPR silent (28 K). The relatively
5 strong coupling of this compound has been attributed to the
Z[(XMncam— G Dexd important role of the 4 orbitals of the manganese in the
n magnetic interactiof

and the value fod, obtained from this formula, is0.24 cntl.
So the limitation that the theory of Lin&senters is that the
lower limit of the temperature must be5 K. The fitting
procedure of theyy data as well as thgwT data to the
temperature range-3300 K gave the following set of param-
eters: J= —0.30(1) cnt?, g = 1.90 with a reliability factolR
= 4.9 x 1074, where the definition of th&® is

The agreement between the experimentally expected value OfConcIusmn

J and the value obtained from the fitting procedure is in line  While Mn" polymers have been reported previously, some

with our characterization of as a 2-D Heisenberg antiferro- ~ VETY interesting features are presented in this repris the
magnet. third example of a structurally characterized 2-D 'Mn

carboxylato compound. For the first time an EPR study is
reported of a 2-D Mh—carboxylato polymer at various tem-
peratures in which the intensity of the signal decreases
significantly at 4 K, a temperature very close to the temperature
where magnetic ordering occurs and where the sample becomes
EPR silent. Finally, the magnetic study has shown that the
agreement between the experimentally expected valueanél

the value obtained from the fitting procedure is in line with the
characterization ol as a 2-D Heisenberg antiferromagnet.

(56) The general Hamiltonian that describes such systebsis-2Jy S§ Acknowledgment. The authors thank Prof. Mercouri Kanatz-
so following Lines, various magnetic studies of 2-D systems modified 1diS from Michigan State University for the fruitful discussions.
the C, coefficients of high-temperature series expansion in order to V.T. and A.T. thank Mrs. Athina Athanassiou for financial

The structural and magnetic studies of polynuclear'Mn
complexes containing double and triple carboxylato briétfés
show a weak antiferromagnetic interaction in the range @0
to —1.7 cnt! for double-bridged complexé&&! and —3.5 to
—4.4 cnr? for the triple-bridged compound&171® The case
of a single carboxylato bridge is rare, and only for a dinuclear
Mn'" complex of the formula{Mn(bipy),(H20)} o (CH3)sNCH,-
CO3}][ClO4]4 has the magnetic behavior been repotfdThe

take care of this change J2nstead ofJ).57-5° support.
(57) De Jongh, L. J.; Miedoma, A. FExperiments on Simple Magnetic . . . L
SystemsTaylor & Francis: London, 1974; Section 3.2. Supporting Information Available: An X-ray crystallographic file,
(58) Carlin, R. L. Magnetochemistry Springer-Verlag: Berlin, 1986, in CIF format, is available. Access and/or ordering information is given
Section 7.6. on any current masthead page.
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