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Through use of the SPhs* (Ph = phenyl, C¢Hs) cation as a layers?~1? and three-dimensional netwotk3® of M(dca)™
molecular template, a new three-dimensional Mn(dca)s;~ [dca = (M = Co, Ni, and Mn) have been reported.

dicyanamide, N(CN),~] anionic structure has been crystallized. At Small changes in the cationic molecular template have
room temperature, (SPhg)Mn(dca)s (1) crystallizes in the monoclinic been shown to have dramatic effects on the topology of the

space group P2,/c, with a = 11.7079(5) A, b = 12.8554(5) A, ¢~ M(dcay™ anion. For example, with the EPh(E = P or
— 16.8605(6) A, # = 100.666(2)°, and V = 24938(3) A°. Magnetic ~ ~S: Ph= phenyl, GHs) cations, the M(dca) anion forms
. AN . - ) a two-dimensional square lattiée However, replacement

susceptibility measurements indicate that this salt exhibits a spin : ; :

ed | i iically ordered d state bel of one phenyl ring with a methyl group yields the (MgP}x
canted long range antiferromagnetically ordered ground state below Mn(dca) (Me = methyl, CH) salt which possesses a three-
2.5 K. dimensional distorted triple rutile-type structure in which
doubly u; s-dcar bridged dimerized manganese units are

The coordination polymers formed when divalent first- Joined together through single; sdca linkages:* Three-
row transition metals are linked with the multidentate dca dimensional M(dca) a-polonium (pseudo-cubic) type struc-
[dca is dicyanamide, N(CN)] anion are of current research  tures have recently been reportéfr the (BzZRN)M(dca)
interest because their structural diversity leads to a variety (82 = benzyl, GHsCHz; R = CiHo and GHs; M = Mn,
of bulk magnetic properties. The neutral, binary systems, €0, and Fe) salts in which singla s-dca” bridges connect
M(dca), form three-dimensional rutile-like structures that ©&ch metal center to its six nearest neighbors. To date, no
exhibit ferromagnetic (M= Co and Ni)2antiferromagnetic long range magnetic ordering has been reported for any of
(M = Cr, Mn, and Fe¥; or paramagnetic (M= Cu} ground the three-dimensional M(dca)structures. To further study

states. Until recently, the corresponding anionic M(gca) Possible magnetic superexchange interactions in three-
complexes, which were initially reported nearly 40 years dimensional M(dca) networks, we chose the triphenylsul-

ago’#have been less studied. Various cations have now beerfonium (SPB™) cation, which is structurally similar to
used as molecular templates to form various structural M8PRP’, as a promising molecular template. Herein, we

modifications of the M(dca) anion. Within the past three ~ eéport the preparation, X-ray structural analysisand
years, polymeric one-dimensional chaii&wo-dimensional ~ Variable-temperature magnetic study of (§Rm(dca) (1),
which is the first example of a spin canted antiferromagnetic
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Figure 2. Temperature dependence of measured in a dc field of 1

KOe for a polycrystalline sample df. The solid line illustrates the fit of
the data to a Heisenberg 3D AFM model.

o

the sum of the van der Waals radii (3.35 R)is observed
Figure 1. The distorted cubelike anion framework observed.ithermal between the sulfur atom a_nd one of the amide n'troge“ atoms.
ellipsoids are drawn at the 50% probability level. The shortest 8-S separations are 7.9446(5) A, which occur
as zigzag chains along the (010) direction between the open

solution of sodium dicyanamide (323 mg, 3.63 mmol, Lonza) faces of the triphenylsulfonium cations. The second shortest
in 10 mL of water. This mixture was layered on top of a s...g separations are 8.4391(3) A, which occur along chains
solution of manganese(ll) nitrate hydrate (217 mg, 1.21 i the (001) direction. Whereas multiple phenyl embraces
mmol, Aldrich) in 10 mL of water. After 2 months, colorless  petween PYE* (E = P or As) cations have been well
blocky crystals were collected by filtration. Mp: 2TC. documented as structure directing entifie¥ such interac-
Selected IR/c=n (KBr, cm™): 2299 (s), 2286 (s), 2240 (S),  tions seem to be less important in this case with greater
2175 (vs). Anal. Calcd (%) for £H1sMnNgS: C, 55.81, H,  importance given to the formation of the three-dimensional
2.93; N, 24.41. Found: C, 55.47; H, 3.09; N, 24.1& anionic structure and catieranion interactions.
(250 K)=58us. _ The temperature dependenceydfis shown in Figure 2.

As illustrated in Figure 1, the polymeric M(dgapnetwork  Near room temperaturgT has a value of 4.246 emu K/mol
in the crystal structure of is closely related to the three- 1 s slightly reduced from the expected value of 4.375
dimensional a-polonium-type structures previously re-  emy K/mol for high-spin MA* ions. As the temperature is
ported'® However, the previously known three-dimensional lowered T remains essentially unchanged untB0 K. Due
M(dca);” structures are orthorhombic [the space group of t increasing antiferromagnetic (AFM) correlationgT
(MePhP)Mn(dca) is P2:2,2,,** and in the (BzBN)M(dcal  gecreases rapidly down to 2 K, where it reaches a final value
salts it is Pnma?, while 1 is monoclinic P2y/c). As  of 1,508 emu K/mol. A Curie Weiss fit to the data yields
illustrated in Figure 1, the manganese atoms are joined excellent agreement fag = 1.954(1) andh = —3.7(2) K,
to six equivalent manganese centers through sisgi@lca  the g.value being consistent with near-neighbor AFM
bridges. The Mr-Mn separations within thab-plane are  jneractions mediated via MINCNCN—Mn pathways.
8.7555(4) and 8.6914(4) A, whereas parallel to¢kaxis it The structure of SRfMn(dca)] can be approximated to
is 8.4436(3) A. The manganese atom lies on a generala simple cubic network where each Ktnion is equally
position with the octahedral coordination sphere consisting surrounded by six others. Accordingly, we employed a
of the nitrile nitrogen atoms of six dicyanamide anions. The Heisenberg 3D AFM model for classical spins developed
Mn—N distances within theb-plane are 2.214(2), 2.216- by Rushbrooke and Wodt(H = —J5;SS) that gaveg =
(1), 2.225(1), and 2.270(1) A, while along theaxis, the 19511y andyks — —0.140(2) K. The fittedJ-value is
lengths are 2.207(2) and 2.254(1) A. The=R bond  .,distent with this type of magnetic interaction.
distances, which average 1.139(5) A, are typical for dca. The The zero field ac susceptibility, measured at 125 Hz

Mnd_tﬁ_q ?\Io_ns/lai(‘?\lles ragge frlom 15058‘(t19) 1732'3@(22 6 (Figure 3), suggests thatis a noncollinear antiferromagnet
ang thecls n ond angles are between 83.53(6) as evidenced by a sharp peak at 2.5 K in both the real and

and 96.18(6). . . ) )
T . imaginary components. This sharp feature superimposes a
SFBF 15
Similar to that previously reported for the 4 salty broader cusplike maximum and is most likely due to the

:he trlplhenylsg:jfolmum ca;uon n%hhas a S“%ht(ljy ?lstorte? presence of a small uncompensated magnetic moment
Ilgggas p}&ram(lj ggitz:me ryl, with a _mea;Pr 1'82612% 0 manifested by a weak single-ion anisotropy of the?Msite.
166 551; Tr?gdistance ;ﬂ%:é;ﬁﬂ?;ﬂrﬁgm thé ggjc;nal We define the three-dimensional ordering temperatiye,

. . . h I t thi Further, il
plane formed by the three bonded carbon atoms is 0.73.1(1)as the position of this peaR.Further, ac susceptibility
A. A weak intermolecular contact of 3.321(2) A, shorter than (16) Bondi, A.J. Phys. Cheml964 68, 441.
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N.; Izmailov, B. A. Russ. Chem. Bulll996 45, 1400. (19) Rushbrooke, G. S.; Wood, P.Mol. Phys.1958 1, 257.
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R R RN RN RN AR to those reported for the related Mn(d¢agand Mn(dcay
20 1 = (pyz)?? complexes. Although not observed up to 4.5 T, a
g 1.8 Ly 5. second spin transition to a paramagnetic (or field-induced
5 16+ 4 8 ferromagnetic-like) stateH., should occur at much higher
g 141 o4 E fields. With our knowledge oHsr, we can estimate the
-vg A § critical field values, i.e.Hg andHa, from eqs 1 and 23 We
X 102 3 He = 29|Sgug (1)

e \ . ' 0.0 _ g LR
15 2 25 3 35 4 45 Hge= (2HgH, — HyY) )
Temperature (K) obtainHg = 1.6 T andH, = 0.12 T, which are comparable
Figure 3. Real or in-phasey() and imaginary or out-of-phase'() to those obtained for Mn(dc#pyz) ?? The upper critical field

components of the ac susceptibility of a polycrystalline samplé a$ a : ; ~ 23 ;
function of temperature, measured in an oscillating field of amplitdgle can be estimated from the relatié ~ 2Hg,* from which

= 2 Oe and frequenc/= 125 Hz. we obtainH, ~ 3.2 T. This value is consistent with the
observed gradual downward curvature jf{H). The dc

LA L I B B Y I B

1.56 - magnetization 82 K reaches a value of 27100 emu Oe/mol

= at 9 T (Supplementary Figure 4, Supporting Information),
g 1.54 n which is 97% of the saturation value.
E 1.52 i In conclusion, when the triphenylsulfonium cation is used
E ' as the molecular template, the Mn(dgcapnion adopts a
= 1.50 b cube-type polymeric structure in which each metal center is
o connected to six equivalent metal centers through sjmgie

1.48 | dca bridges. Ac susceptibility measurements indicate that this

RPN SN U RN AR S AR salt is a spin canted antiferromagnet beldyw= 2.5 K with

0 1 2 3 4 5 Hse= 0.6 T. We are currently investigating the use of other
Field (T) molecular cationic templates in an attempt to control the

Figure 4. Real or in-phasey() component of the ac susceptibility of a ~ Supramolecular architecture of M(dgajalts and hence any
polycrystalline sample of as a function of magnetic field, measured inan  cooperative magnetic behavior.

oscillating field of amplitudéH,c = 2 Oe and frequencly= 125 Hz at 1.75
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measurementsat 10 and 1000 Hz (Supplementary Figure 3
Supporting Information) yielded similar results with no shift
in the peak position. Using thkvalue calculated above and
z= 6, we calculatdy = 2.45 K from the mean-field result,

Ty = 2J]S + 1)/3ks, which is in excellent agreement with
the observed value. Similar behavior has previously been
reported for the neutral Mn(dgagomplex [Ty = 15.9 K5 Supporting Information Available: Experimental details (X-

as well as -CsH;NH3),MnCl, (Ty = 39.2 K)?2! Because ray crystallography, ma_lgnetic measurements, infrared spectroscopy,
Mn2* has a weak anisotropy, we expect the spin canting and elemental analysis), bond lengths and angles (CIF format),

angle to be<0.1° as observed in the aforementioned thermal ellipsoid plots .W!t.h atom 'abe“.ng for (SgMin(dca}, and .
examples, plots of the ac susceptibility as a function of temperature at various

il A h | f th frequencies and dc magnetization as a function of magnetic field
As illustrated in Figure 4, the real component of the ac at 2 K. This material is available free of charge via the Internet at

susceptibility was measured as a function of applied magneticyp.//pubs.acs.org.
field at 1.75 K. A sharp peak is observed at 0.6 T, which is

identified as the spin-flop fieldisr. This value is comparable 1C035398P
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