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Three ion-pair complexes, [RbzPy]*[Ni(mnt);]~ (mnt>~ = maleonitriledithiolate; [RbzPy]* = 4-R-benzylpyridinium;
R = Br (1), CI (2), and NO; (3)), with unusual magnetic properties have been synthesized and characterized. The
crystal structures of 1 and 2 have been solved. The two complexes belong to the P2;/c space group with Z = 4
and CyoH11BrNsNiS,, a = 12.0744(17) A, b = 26.369(4) A, ¢ = 7.440(3) A, and 8 = 102.63(3)° for 1 and CyoHy-
CINsNiS,, a = 12.105(2) A, b = 26.218(4) A, ¢ = 7.374(2) A, and 8 = 102.55(2)° for 2, respectively. The
[Ni(mnt),]~ anions in 1-3 form uniformly spaced one-dimensional (1-D) magnetic chains of s = 1/2 at room
temperature. The temperature dependences of the susceptibility for 1-3 show that they undergo phase transitions.
All three complexes are paramagnetic in their high-temperature (abbreviation HT) phase and diamagnetic in the
low-temperature (abbreviation LT) phase because of strong dimerization along the stacking direction. The results
of thermal analysis (DSC) further confirm that the phase transition for 1 and 2 is first-order but maybe second-
order for 3. The phenomena observed in this study are similar to those of the 1-D radical systems.

Introduction One of the most studied classes of 1-D transition metal

Recently, quasi-one-dimensional compounds have attracte qmplexes s the compllexesz_contalnmg [.'V'.(r@m(.“" —
widespread attention because they show novel physical. i(1), Pd(lll), or Pt(lll); mnt*" = mgleonltrlledlthlolate)
properties such as Peierls transitions, spin-Peierls transitions|o - In theise compounds, the constituent pllanar.m().lecules
charge-density-wave (CDW) states, spin-density-wave (SDW) [M(mnt);] ~ form colu_mn_ar stacl§ structure_s, in which mtgr-
states, superconductivity, molecular bistability, molecular molecularqzornorbltal Interaction “?S““ in 1-D electronl_c
magnetic nanowire properties, &té. In addition, 1-D nature®—° Usually, the topology and size of the countercation

compounds have stimulated theoretical investigations. n ['V'(”.‘”t)ﬂ’ complgxes may play an |mportant role in
controlling the stacking of anions and cations. We have

*To whom correspondence should be addressed. E-mail: MengQJ@ recently developed a new class of salts [CiN](mnt);]~

netra.nju.edu.cn. , _ ([Cat]* = benzylpyridinium derivatives) that may be de-
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A.; Robertson, N.; Underhill, A. E.; Kurmoo, M.; Day, Rature1996 scribed as strgctura y an magnetically 1-D molecular soli 1S
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One-Dimensional Molecule-Based Magnets

Chart 1 Thermal analysis of polycrystalline samples placed in an aluminum
crucible was carried out on warming (rate of 20 K minin the

©
—} temperature range of180 to 20°C (93—293 K).
X-ray Crystallography. The crystal structures df and2 were
determined at room temperature with a Siemens P4 four-circle

S S diffractometer. All computations were carried out on a PC-586
H, >< computer using the SHELXTL-PC program packag&he struc-

S tures were solved by direct method and refined=8my the full-
matrix least-squares method. All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were placed in their calculated

\ positions and refined by following the riding model. Other details
of crystal data collection and refinement are listed in Table 1.

b

/

. . Results and Di ion
rings1%1n this paper, we report the structures and unusual esults and Discussio

magnetic properties of three quasi-one-dimensional molecule- Crystal Structures. [BrbzPy][Ni(mnt)] (1) crystallizes

based magnets formed by [Ni(ms}t) anions and benzyl-  in the monoclinic space group2i/c at room temperature.
pyridinium derivatives [RbzPy] (Chart 1). For [Ni(mnt)]~ anions, the nickel atom exhibits square-
_ _ planar coordination geometry with four sulfur atoms. The
Experimental Section average SNi—S bond angle (92.27(9) within the five-
General Methods.The starting materials Nennt and [RbzPy]- membered ring and the average8 bond distance (2.145-

Cl were synthesized by literature proced&$A method similar (2) A) agree well with those found in other [Ni(mgit)
to that for preparing [BiN]o[Ni(mnt);] was used to prepare  complexes?® The cation, [BrbzPy], adopts a conformation
[RbzPyB[Ni(mnt)2].*2 in which the benzene and pyridine rings are almost perpen-

Preparation of [BrbzPy][Ni(mnt) 2] (1). A MeCN solution (10 dicular to the reference plane C(x3(15)-N(5) (dihedral
cm?) of 1, (150 mg, 0.59 mmol) was slowly added to a MeCN angles of 97.3 and 93 3respectively)

solution (20 crf) of [BrbzPyLINi(mnt)2] (813 mg, 1.0 mmol), and The most prominent structural features bfare the

the mixture was stirred for 15 min. MeOH (90 &mwas then added. letel ted stacks of ani d cati Fi
The mixture was allowed to stand overnight, and then 500 mg of completely segregated stacks of anions and cations (Figure

brown-red microcrystals was filtered off, washed with MeOH, and L a). Furthermore, the [Ni(mn{) anions are uniformly

dried in a vacuum. Yield: 85%. Anal. Calcd fopdE1:BrNsNiS,: spaced along the qolumns as d.epi.cted in Fig.ur(.a 1b. The
C, 40.84; H, 1.89; N, 11.91; Ni, 9.98. Found: C, 40.55; H, 1.96; nearest S-S, S--Ni, and Ni--Ni distances within the

N, 11.63; Ni, 9.76. IR spectrum (cr#): v(CN), 2206 s, 2156 sh;  columns are 3.74, 3.64, and 3.93 A, respectively. The shortest

v(C=C) of mn¢~, 1456 m. Ni-++Ni contact between [Ni(mnf)~ columns is 11.90 A.
Preparations of [ClbzPy][Ni(mnt)] (2) and [NO,BzPy][Ni- In Figure 2, other prominent structural featured afivolve

(mnt)2] (3). The same procedure used for preparngias also  the packing of the [BrbzPYy] cations; similar phenomena

used to synthesiz2and3. Yield of 2: 86%. Anal. Calcd for GoH- have been found in some halogenbenzene derivatives in the

CINsNiSs: C, 44.18; H, 2.04; N, 12.88; Ni, 10.79. Found: C, 44.10;

lid staté® owing t interaction tween halogen
H, 2.11; N, 12.64; Ni, 10.67. IR spectrum (ci: v(CN), 2206 s, solid staté® owing to p- interactions betwee aloge

2154 shy(C—=C) of mné-, 1456 m. Yield of3: 82%. Anal. Calcd atoms and benzene rings. The benzepe rings are parallel with
for CoHuNeNiO,Ss: C, 43.34: H, 2.00: N, 15.16: Ni, 10.59. respe_ct to e_ach other. The_ contact distances of Br(1) atoms
Found: C,43.21; H, 2.44; N, 14.98; Ni, 10.51. IR spectrum®m 10 Neighboring benzene rings are 3.64 A for C(9)C(10)-
»(CN), 2208 s, 2158 shy(C=C) of mn€-, 1456 m. C(11)C(12)C(13)C(14)% 1.5~ y, 0.5+ 2) and 3.77 A for
All single crystals suitable for X-ray structure analyses were C(9)C(10)C(11)C(12)C(13)C(14x(1.5—y, —0.5+ 2,
obtained by evaporating solutions bbr 2 in mixtures of MeCN respectively. These contacts are almost identical with the sum
andn-PrOH (1:1 viv). of the van der Waals radies of Br and the half thickness of
Physical MeasurementsElemental analyses for C, H, and N an aromatic ring (3.70 A). The cations form 1-D chains via
were performed with a Perll<-iEImer 240 analyticall instrumgnt, Ni p—x interactions between Br atoms and benzene rings.
anglygls was made on a Shimadzu AA-680 atomic absorption-flame [ClbzPy][Ni(mnt)] (2) (as shown in Table 1) and [NO

not carried out. IR spectra (KBr pellets) in the 490000 cn* temperature; the coordination geometry of the Ni(lll) ions
regions were obtained on a IFS66V FT-IR spectrophotometer. P ’ 9 y

Magnetization measurements were carried out with a Quantum and stacking patterns of both anions and catioramd3

Design MPMS-5S superconducting quantum interference device '€ €ssentially i(_jentical to those described _abovelfor
(SQU|D) magnetometer, and the d|amagnet|c corrections of a Selected bond dIStanceS, bOI’]d ang|eS, and Interm0|eCU|al’

sample for the constituent atoms were made with Pascal’s constantsNi***Ni, Ni++*S, and $ S distances are summarized in Table
DSC experiments were performed with a Perkin-Elmer calorimeter. 2. For 2, the neighboring benzene rings within [ClbzPy]

(10) Ren, X. M,; Lu, C. S;; Liu, Y. J.;; Zhu, H. Z,; Li, H. F,; Hu, C. J,; (14) Sheldrick, G. M.SHELXTL Structure Determination Software

Meng, Q. J.Transion Met. Chen001, 26, 136. Programs, version 5.10; Bruker Analytical X-ray Systems Inc.:
(11) Zhu, X. H.; You, X. Z.; Ren, X. M.; Tan, W. L.; Dai, W.; Raj, S. S. Madison, WI, 1997.

S.; Fun, H. K.Chem. Lett200Q 472. (15) Brunn, K.; Endres, H.; Weiss, 4. Naturforsch.1987 42B, 1222.
(12) Davison, A.; Holm, H. RInorg. Synth.1967, 10, 8. (16) (a) Sundberg, M. Rnorg. Chim. Actal998 267, 249. (b) Sillanpa,
(13) Bulgarevich, S. B.; Bren, D. V.; Movshovic, D. Y.; Finocchiaro, P.; R.; Jokela, J.; Sundberg, M. Rorg. Chim. Actal997, 258 221. (c)

and Failla, SJ. Mol. Struct.1994 317, 147. Sundberg, M. R.; Sillanj#g R. Acta Chem. Scand.992 46, 34.
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Table 1. Crystal Data and Structure Refinement foand 2

Ren et al.

param 1 17 2
temp/K 293(2) 89(2) 293(2)
empirical formula QoHllBl‘NsNiS4 ConllBI'NsNiS4 C20H11C|N5Ni54
fw 588.20 588.20 543.74
wavelength/A 0.71073 0.71073 0.71073
cryst system monaclinic triclinic monaclinic
space group P2,/c P1 P2i/c
unit cell dimens
alA 12.0744(17) 7.238(4) 12.105(2)
b/A 26.369(4) 12.006(6) 26.218(4)
c/A 7.440(3) 26.075(13) 7.374(2)
o/deg 90 88.469(10) 90
pldeg 102.63(3) 86.755(9) 102.55(2)
yldeg 90 77.476(9) 90
VIA3, Z 2311.4(12), 4 2208.2(19), 4 2284.2(9), 4
D(calcd)/(g/cmd) 1.690 1.769 1.581
ab coeff/mnrt 2.948 3.085 1.350
F(000) 1172 1172 1100
cryst size/mm 04x0.2x0.2 0.4x 0.4x 0.12 0.6x 0.4x 0.4
6 range for data collcn/deg 1.824.99 1.74-28.37 1.89-25.00
limiting indices —1l4<h=<14 —-9<h=<9 —14<h=<14
—31=<k=1 —16=<k=13 —31=<k=1
-1=<1=<8 —34=<|=32 —1=<1=<8
reflcns collcd 5240 14755 5200
indpdt reflcns 4028 (R.= 0.0740) 10172 (R = 0.0757) 3997 (R:= 0.0455)
abs corr 1 scan none 1 scan

max and min transm
refinement method
data/restraints/params
goodness-of-fit orfF?

Final R indices [ > 20(1)]2

R indices (all dat&)

largest diff peak and hole/e &

0.4830 and 0.2991

4028/0/281
1.013
R1=0.0717
WR2=0.1765
R1=10.1262
WR2=0.2152
0.892 and 1.192

AR1 = 2(||Fol — IFel[)/Z|Fol, WR2 = Zw(|Fo|? — |Fcl)ZZW(|Fol9)?] 2

Table 2. Selected Bond Parameters and Intermolecular Contacts

for 1-3
1 1 2 3
(293K)  (89KP  (293K) (293 K)!
Bond Dstances (A)
Ni(1)—S(1) 2.141(2) 2.130(6)  2.1447(12) 2.144(2)
Ni(1)—S(2) 2.148(2) 2.146(6)  2.1392(12) 2.148(2)
Ni(1)—S(3) 2.140(2) 2.146(6)  2.1510(12) 2.141(2)
Ni(1)—S(4) 2.152(2) 2.149(6)  2.1395(12) 2.156(2)
Ni(2)—S(5) 2.126(6)
Ni(2)—S(6) 2.131(6)
Ni(2)—S(7) 2.154(6)
Ni(2)—S(8) 2.137(6)

S(1)-Ni(1)-S(2)
S(1)-Ni(1)—S(3)
S(3)-Ni(1)—S(4)
S(2)-Ni(1)—S(4)
S(5)-Ni(2)—S(6)
S(5)-Ni(2)—S(7)
S(6)-Ni(2)—S(8)
S(7)-Ni(2)—S(8)

Ni---Ni (nearest
separation)

Ni--S (<3.7 A)

S-S (<3.7A)

Ni---Ni (nearest
separation)

cations column are parallel. The contact distances of Cl(1)
atom to neighbor benzene rings are 4.00 A for C(9)C(10)-

Bond Angles (deg)

92.11(9)  93.1(2)
85.96(9) 89.3(2)
92.43(9)  92.1(2)
89.57(9)  85.4(2)
92.8(2)
89.1(2)
85.4(2)
92.5(2)

92.17(5) 92.2(1)
89.40(5) 85.9(1)
92.37(5) 92.5(1)
86.01(5) 89.3(1)

Intrachain Distances (A)

3.93 3.65, 3.85

3.64 3.57
3.51

3.91 3.83
3.63, 3.63 3.61,3.61
3.67

Interchain Distances (A)

11.90 11.82

11.94 11.99

C(11)C(12)C(13)C(14)x 1.5—y, —0.5+ 2z) and 3.81 A
5688 Inorganic Chemistry, Vol. 41, No. 22, 2002

full-matrix least- squaresFn

0.5492 and 0.4004

10172/0/560 3997/0/294
3.676 1.023
R1=0.2181 R1= 0.0460
WR2=0.5472 WR2=0.1065
R1= 0.2486 R1=0.0773
wWR2=0.5543 WR2=0.1226

5.624 and 3.885 0.457 and 0.426

for C(9)C(10)C(11)C(12)C(13)C(14x,(1.5— vy, 0.5+ 2),
respectively. These values are larger than the contacts
between Br and benzene rings observeti;iabviously, the
stacking interactions between cations2iare weaker than
that in1. For 3, the NG group and the benzene ring in the
[NO,bzPy]" cation are almost coplanar; the dihedral angle
between the two planes is 3.8The benzene rings of
neighboring cations are parallel. Compared witkand 2,
there are more atoms with shorter contacts¥atherefore,

it is possible that the stacking interactions between cations
in 3 may be stronger than it or 2.

Crystal Structure of 1 at 89 K. Crystals ofl at 89 K
show the space group &1, different fromP2,/c at room
temperature. Due to symmetry lowering, the numbers of ion-
pair molecule in the asymmetric unit of a cell increases from
one at room temperature to two at 89 K. Although the
average SNi—S bond angles of 92.6(3) and 92.7(8)ithin

(17) Note: The structure df in the LT phase was measured by a CCD
area detector at 89 K. Crystallographic datagHz1BrNsNiS,, space
groupP1, a= 7.238(4) A)b = 12.006(6) Ac = 26.075(13) Ao =
88.469(109, B = 86.755(9), y = 77.476(9Y, V = 2208.2(19) &,
Z=4,R=0.2192. There are two [Ni(mn{)” anions in an asymmetric
unit at 89 K. Although the average NB bond distances are in
agreement with the values at room temperature, all the intermolecular
S--S, S--Ni, and Nk--Ni contacts at 89 K are observed to be
significantly shorter than in the corresponding room-temperature
structure. The nearest distances areSof 3.51 A, S++Ni of 3.57 A,
and Ni--Ni of 3.65 and 3.85 A within the [Ni(mnt)~ stacking
column, respectively. The shortestNNi contact between [Ni(mnf)~
anions of the intercolumns is 11.82 A. The uniformly spaced 1-D anion
chains at room temperature dimerize obviously in the low-temperature
phase and become alternating chains.
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Figure 1. (a) Stack of anions and cations bfalong thec-axis and (b)
[Ni(mnt)2] ~ anion chains with equal NiNi distant viewing along the-axis
(at room temperature).

(10A)
C(HAI: , cloa) BriiA)

Figure 2. Br—ux interactions between Br atoms and benzene ring4.for

the five-membered ring and the average-Sibond distances

Figure 3. Models of overlapping of [Ni(mng]~ anions forl in the HT
phase.

Figure 4. Models of overlapping of [Ni(mnt]~ anions forl in the
LT phase.

temperature, all intermolecular--SS, S--Ni, and Ni--Ni
contacts at 89 K are significantly shorter than those of the
corresponding room-temperature structure. The neare& S
distances are 3.51 A-8Ni = 3.57 A, and Ni:Ni = 3.65

and 3.85 A, all within the [Ni(mng)]~ stacks. The shortest
Ni---Ni contact between columns is 11.82 A. The contact
distances between bromine atoms and neighboring benzene
rings are 3.48 and 3.63 A, respectively. These intermolecular
contacts become shorter at low temperature and are associ-
ated with a reduction of the cell volume from 2311.4(12)
A3 at room temperature to 2208.2(19¢ At 89 K. The
overlap of the [Ni(mnt)] ~ ions in the LT phase are different
from that in HT phase (Figures 3 and 4). The uniformly
spaced anions in the HT phase dimerize in the LT phase
and form alternating chains (Figure 5).

Magnetic Properties. The temperature dependence of the
magnetic susceptibility fol—3 was measured in the tem-
perature range 2300 K, with an applied field of 10 kOe.

For three samples, their variable-temperature magnetic
moments K(T)) were measured in different sample mass

of 2.143(6) and 2.137(6) A agree with the values at room (m) for two times; that isM1(T) for m; and My(T) for m,.

Inorganic Chemistry, Vol. 41, No. 22, 2002 5689
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0.0010
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0.0005 -
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0.0002 -
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0.0000

%,/ emu mol™

0 20 40 60 80 100 120 140 160
T/K
Figure 7. Plots of ym versusT below the phase transition temperature

HT phase LT phase
Figure 5. Side view of 1-D anion chain fot in the HT and LT phases. for 3.

0.008 O Complex 1 back to the original temperature, the samgl curve is
0.004 | O Complex 2 obtained, and no hysteresis effect is detected. At ap-
‘ % Complex 3 proximately 109.6 K the abrupt drop of the magnetic
__E 0.003 susceptibility of 1 indicates thatl undergoes a phase
| transition. The structural change of the magnetic chaih of
s from the HT (HT) to the LT phase (LT) meets the
~F 0.001| requirements of a spin-Peierls transition: (1) The magnetic
chain is flexible. (2) The magnetic exchange interactions
0.000 - between magnetic chains are negligible compared with those
0 50 100 150 200 250 300 within magnetic chains. This is due to magnetic chains being
TIK separated by nonmagnetic organic cation statkimwever,
the space group change frd®2i/c in the HT phase t®1 in
05 the LT phase reveals that the phase transitioriforay be
04l first-ordef® and not the spin-Peierls transition because the
"E spin-Peierls transition is second-order. A similar phenomenon
v 031 was observed in a 1-D antiferromagnetically coupled radical
€ o2l systent
] . .
~ o Complex 1 The overall magnetic behavior 08 corresponds to
£ 01r o Complex 2 antiferromagnetically coupled system too and is similar to
ool » Complex 3 that of 1 (Figure 6). Compared with, the y,,T values of3
in the HT phase decrease faster than thédt a§ the sample
01— y : : x : ‘ temperature cooled, and the inflection point is not as abrupt

0 50 100 150 200 250 300
TIK
Figure 6. Plots of ym—T (top) andymT—T (bottom) of 1—-3.

as that ofl. The phase transition temperature showed in the
plot of ymT versusT is around 181.7 K. Below the transition
temperature, the magnetic susceptibility of this complex
Due to M(practically measureds M(sample)+ M(holder gradually decreases with decreasing temperature to indicate
and capsule), the diamagnetic contribution of the sample the magnetic susceptibility being activatéao the magnetic
holder and the capsule may be subtracted if the magneticsusceptibility may be fitted bym= [o(1 — P) exp(-A/kgT)//

susceptibility is calculated by the following formula: T + PN@ug?(4ksT) + xo, Wherea is a constant value
corresponding to the dispersion of excitation eneuyyis
{M(T) — My(M}M, the magnitude of the spin gap,is the uncoupling impurities
Am = m, — m)H content, o is the constant term caused by Van Vieck

paramagnetism, and other signs have their usual meaning.
The best fit curve is displayed in Figure 7, and the
corresponding parameters are given as followiggs 2.12;

P = 0.005;a = 3.2; Alkg = 738.3 K;yo = 0.00009 emu
mol~%; agreement factoR = 1.1 x 102 [R is defined as
Sl — N (49?3, The obtained value of the

For 1, the overall behavior corresponds to an antiferro- Parameter, &/kgTse (Tsp is the transition temperature of

magnetically coupled systemy,T slightly decreases on 181.7 K),. is 8.13. and more removed frqm the ideal valug of
cooling from 0.397 emiK-mol-! at 300 K to 0.378 3.53 derived using the BCS formula in a weak coupling
emuK-mol™t at 109.6 K and drops sharply around 109.6 (18) Kahn, O Molecular MagnetisyVCH: New York, 1063, p 263

. ann, O.Molecular Magnetism . ew YOorkK, P .
K. When the sample temperature is lower than 70 K, the (1g) kenig E.; Ritter, G.; Kulshreshtha, S. Kchem. Re. 1985 85, 219,
value ofyn,T is close to zero. On increase of the temperature (20) Isett, L. C.; Rosso, D. M.; Bottger, G. Bhys. Re. B 1980 22, 4739.

HereM, represents the formula weight. The plotggfversus

T andymT versusT for these three complexes are shown in
Figure 6 withym, being the molar magnetic susceptibility
corrected by the diamagnetic contribution amdbeing
temperature.

5690 Inorganic Chemistry, Vol. 41, No. 22, 2002
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regime. These results mean that the short-range magnetic
correlations within the chain are not fully developed and
intrinsic magnetoelastic instability of a 1-D system cannot
be considered as a driving force for the transition; namely,
the transition is not a pure spin-Peierls transition but an exotic
one.

The magnetic exchange behaviorain the HT phase is
different from that ofl and3; the ynT values increase little
by little as the sample was cooled (Figure 6), and it reveals
that there exist weak ferromagnetic coupled interactions
between neighboring Ni(lll) ions. When the sample tem-
perature cools to around 101.7 K, theT values drop
abruptly. Subsequently, the magnetic behavid? isfsimilar
to that ofl and3, and when the sample temperature is lower
than 70 K, the value ofT of 2 almost tends to zero. It is
worthy of noting that the magnetic exchange properties of
1-3in the HT phase are different although all of the three

t =-159.5 °c

5H = 444.1 J mol

Complex 1

Heat Flow Endo Up / mW
O = N W H» 00O N

160 -140 -120 -100 -80 -60 -40
t/°c

©

(o]

=-166.6 °c
" 8H =514.9 J mol”

N

Heat Flow Endo Up / mW
N

complexes show uniformly 1-D spaced chain structure. As o L Co‘mp'e)fz L
for containing the [Ni(mng]~ anion complex, the previous -160 -140 -120 -100 -80 -60 -40
studies have shown that the magnetic coupling between t/°c
[Ni(mnt),]~ anions is very sensitive to not only intermo-
lecular separatidnbut also overlap fashion of neighboring 40
[Ni(mnt),]~ anions®?! The theoretic studies also indicated % 35
that no simple correlation of magnetic coupling is possible = 30l t,=-922°C
with few structural parameters due to extensive delocalization 2

o . . © 2.5t
of the electron density in the [Ni(mn}) unit, and several 5 Complex 3
shorter contact distances, such as-ii, Ni--:S, S-S, 320
SN, S--C, and C--N, play significant roles in the L5l
superexchange pathwajTherefore, the different magnetic § gl
exchange features between the three complexes may be "~ -160 -140 -120 -100 -80 -60 -40
understood. t/°c

Thermodynamic Properties.DSC measurements on these Figure 8. DSC curves of complexes-3 showingt, anddH of the phase
complexes were performed to obtain additional information transitions.

about the thermodynamic properties of these phase transi- ) ) ) . .
tions. The power-compensated DSC traces at a warming rateOf a possible spin-Peierls transition. The corresponding phase

of 20 K-min~! are displayed in Figure 8. Clearlg,and 2 transition :emperature obtained from DSC analysis is _1'80.3
have similar thermodynamics and show abruptly endothermic K (—92.2°C); to our best knowledge, the observed critical
peaks in their DSC traces. The phase transition temperatured€Mperature is the highest among spin-Peierls organic and
obtained from thermal analyses for these two complexes are®f9anic compounds at present.

113.5 K (-159.5°C) for 1 and 106.4 K £166.6°C) for 2,
respectively, and these values are near the results obtaine
from magnetic susceptibility measurements. The endothermic  The crystal structures at room temperature of three ion-
enthalpy changes\H), which were calculated from the peak pair complexes reveal uniformly spaced 1-D [Ni(maft)
areas, are 444.1-rhol™* for 1 and 514.9 dnol™* for 2, anion chain property arising from a delicate balance among
respectively. Therefore, the results of thermal analysis of many cooperating interactions, such as nonplanar topology
and2 further confirm that the phase transitions observed are of cations, p-7 or 7—x interactions between adjacent
first-order?® However, the thermal behavior 8fis largely cations, Ni--S bonding, inter-ring repulsion of [Ni(mni)y
different from that ofl and2; there is not a clear endothermic  anion2s spin—spin coupling interaction, lattice with magnetic
peak and only baseline shift around the phase transitioninteraction along magnetic chain, lattice with 3-D phonons
temperature in the DSC trace. The baseline shift indicatesinteraction?® and so on. The phase transitions are the result
the second-order phase transifftend suggests the existence of cooperating interactions described above. We also mea-
sured the magnetic susceptibilities of three complexes in the

é:onclusions
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