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Considcerable interest has been shown over recent years in
the transition metal halide complexcs. and. among them. the
tctrahalometalates with various organic countercations have
been the subject of theoretical. structural ¥ magncto-
structural’™® and spectroscopic’™7 studics. The magncto-
structural reclation in the (clrabromocuprale with various
organic counicrcations has been intensively studicd. and in
view of the magnctic propertics of these compounds. the
Br+-Br contact and the Cu-Br-Cu bridge arc known (o be
quitc important.’*"” (he antifcrromagnetic coupling in the
scrics of (clrabromocuprale compounds is produced via a
“two-halide™ Cu-Br:-Br-Cu contact while the lerromagnctic
coupling is through a “single-halide™ Cu-Br-Cu bridge. The
hydrogen bonding™ ! and noncovalent 7-intcraction between
fhe aromatic rings of organic cations’*™ in this tvpc of
molccules control molecular recognitions and scll-asscmbly
processes. and exercise important ¢llects on the solid-state
structurc and the propertics of many compounds relevant to
biological and matcrial scicnees. ™= Despile the structural
similaritics between the (etrabromocuprates and the tetra-
bromocoballale complexcs. the magneto-structural studics
for the (etrabromocoballate complexes and other coball(1l)
compounds have been rarcly reported.

In (his work. we report the crystal structure and magncetic
behaviors of (he (dmamtH):CoBrs complex. The 2-(N.N-
dimethvlammomethy Dthiophene (dmamt) basc contains an
amine group and an aromatic thiophenc ring. and thercfore
we expected that (he protonaled basc dmamtH™ as a
cation might play an important rolc in stabilizing the solid-
state structure of the (dmamiH)-CoBrs complex. The
magnetic behavior of the (dmamtH)-CoBrs complex was
investigated to confirm the importance of the Br---Br
scparation lor (wo-bromidc supcr-cxchange pathways in the
complex.

I'This paper is dedicated to the late Professor Sang Chul Shim for
s distinguished achievements in photochenustry.
"Corresponding Author. E-mail: sunachoi’d pusan.ac kr

Experimental Section

The (dmamtH):CoBry was prepared from a direct reac-
tion between 2-(N.N-dimethylaminomethy thiophene HBr.
(dmamtH)Br and anhydrous cobalt(11) bromide. The (dmamtH)Br
sall was prepared from a rcaction of 2-(N.N-dimcthyl-
aminomcthyl)thiophene (dmamt) (6 mmol) with an excess
ol concentrated hydrobromic acid in 30 mL of cthanol-
tricthy lortholormate mixture solvent (3 1 v/A). 3 mmol of
cobal((ll) bromidc was dissolved in 10 mL of cthanol-
tricthylortholormate (5 : 1 v/v). This solution was added into
a (dmamiH)Br solution. The solution was hcated with
stirring for 3 h. and then allowed to cool in an ice bath. The
precipitates were isolated by filtration and washed with cold
cthanol. The bluc single crystals were obtained by recrystali-
zation in acctonitrile. The yicld of the product was 138 g
(09.38%) bascd on CoBr-, Anal. Caled. for CoCiyH24BraN-S-:
C.2536: H.3.65: N.4.253: 8.9.67. Found: C. 25.31: H. 3.66:
N. 4.19: S. 9.72. All manipulations were carried out n an
open atmosphere.

The magnctic susceptibility measurements were made on
a powcered polycrystalline sample over the temperature range
of 6 K to 300 K with a Quantum Dcsign MPMS-7-SQUID
susceptometer. The data was corrected for the diamagnetism
of the constitucnt atoms with Pascal’s constant,

The data for X-ray structure determination were collecled
on a Sicmens P4 difTractometer equipped with graphite
monochromated Mo K¢ radiation (4 =10.71073 A) at 293 K.
The umit cell dimensions were determined on the basis of 4
reflections i the range of 4.5 < 8 < 13.0° The dala were
collected by the @26 technique. Empirical absorption cor-
rection was applied to the intensily data. The standard dircct
method was uscd (o position the heavy atoms. The remain-
g non-hydrogen atoms were localed from the subscquent
diffcrence Fourier synthesis. All non-hydrogen aloms were
refined anisotropically except the three disordered carbon
atoms on the 3-membered rings which werg refined isotropi-
cally. All hvdrogen atoms were calculated n ideal positions
and were nding on their respective carbon atoms (B =
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128, or 1.58,). The structurc was refined in a full matrix
least-squarcs calculation on /= All the computations were
carricd oul with the SHELX-Y7 program package ™
Cryvstallographic data for the structure reported here have
been deposited with the Cambridge Crystallographic Data
Centre (Deposition No. CCDC-186168). The data can be
obtained free of charge v wwcede.cam. ac.uk perl catreq
catreq.cgi (or from the CCDC. 12 Union Road. Cambridge
CB2 1EZ. UK: Fax: +44-1223 336033. E-mail: dcposit':
cede.cam.ac.uk).

Results and Discussion

The cryvstallographic and the molecular structure of the
(dmamtH)-CoBry determined and dctails of data collection
and structural refincments for the complex are given in Table
1. The molecular gecometry and thermal cllipsoids along with
the numbering schemes arc shown in Figure 1. and the
sclected bond distances and angles are listed in Table 2. The
cryvstal structurc of the (dmamitH);CoBr, complex consists o
discrctc CoBrs™ anions and dmam(H ' cations held together
by the N-H-Br hydrogen bonding. The two Co-Br
distances [2.439(3) and 2.431(3) A] imvolved in the

Table 1. Crystallographic data of (dmamtl1)>Col3ry

{dmamtH):CoBr,
Chenncal tormular CoC,,;H:N:S:Bry
FW (amw) 663.04

Crvstal description
Crvstal size (mun)

Blue Trregular
0.30 x 0.30 x 0.20

Crvstal svstem Monochmie

Space group P2y/c (#14)

TiXK) 293(2)

Radiation(Mo Kty (A/A) 0.71073

a(A) 9.460(1)

biA) 18.070(3)

e (A) 13.9139(2)

By 100.34(1)

V(AY 23397(%)

7. 4

deated (Mg ™) 1.882

Absorption coeflicient, u {mm™)  7.743

F (00 0) 1284

& range for dala collection (%) 1.87 to 23.00

Index ranges LT R T N2 kT
16 1T 16

Reflections collected/umque 3274127 [Riinty = 0.0733

Absorption Correction Psi-scan

(.47 and 0.163

Retimement method Full-matny least-squares on F°
Data/restramts/parameters 127/0/7232

Goodness of fit 1.061

Final R mdices [T > 20()] Ry = (07837, R = 00.1396"
Extinction coefticient 0.0041(3)

Largest diff. peak and hole (eA™) 0.783 and -0).887

Ri=Z Fu-Fo TF)A0R: — [ZhET—FFY ZaFSY -

Max. and min. transnission

Notes

Figure 1. ORYEP-3 diagram of (dmamit D-CoBry with hydrogen
bonding showing the atom-numbering scheme and 30% probability
ellipsoids.

Table 2. Sclected bond lengths (A) and angles (deg) for the
(dmamil 1)CoDry

Co-Brl 2.439(3) N7-C8' 1.49(2)
Co-Br2 24313 N7-CY 1.48(2)
Co-Br3 2.404(3) N7-CY 1.49(2)
Co-Brd 2.387(3%) C2-C? 1.34(4)
S1-C2 1.62(2) C2.-C3 1.30(3)
sr-c2 1.36(2) C3-C4 1.45(3)
S1-C3 1.726(15) C3-C¥ 1.43(4)
Sr-cs 1.679(17) C4-C5 1.60(2)
N7-C6 1.312(18) C4-C¥ 1.35(2)
N7-C¢' 1.525(19) C5-C6 1.494(19)
N7-C8 1.46(2) C¥-Co' 1.47(2)
Br4-Co-Br3 14 11(11) C3-C2-81 112.9(16)
Br4-Co-Br2 108.80(10) C3-C2-81' 110.0(18)
Br3-Co-Br2 106.19(10) C4-C3-C2 116(2)
Br4-Co-Brl 109.02(11) C4-C3-C2' 1172)
Br3-Co-Brl 108.03(10) C3-C4-C3 100.8(18)
Br2-Co-Brl 110.66(10) C3-CH-CH 101.6(17)
C2-81-C3 94.0(11) C4-C5-81 11“'1 912)
C2L-81-C¥ v7.8(12) CH-C3-81' 13.2(12)
C8-N7-C6 112.0014) Co-C5-81 l 9. 4(12)
C8-N7-C6' 113.9(15) Co-C5-81' 124.7(12)
C8-N7-C9 1134(17) Co-C5-C4 124.7(13)
C8-N7-CY 111.6(14) Co-C5-C4 122.1(15)
CO-N7-C6 112.0(14) C35-Co6-N7 115.5(12)
CY-N7-C&' 110.2(14) C5-Co-N7 111.8(13)

hvdrogen bonding are slightly longer than the other twwo Co-
Br distances [2.404(3) and 2.387(3) A] and the slight
elongation of these bond distances is presumably due to a
reduction of electron density on the bromide ions. The Br-
Co-Br bond angles vary within the range 106.19(10)-
114.11(11)°. The average bond angle of Br-Co-Br is 109 4"
and the average dihedral angle between two Br-Co planes is
87.7° as the CoBry™ unit maintains a nearly perfect tetra-
hedral geometry around the Co atom. The hyvdrogen bond
distances and bond angles along with the dihedral angles
betwween two Br-Co planes are summarized in Table 3. There
are no important bonding interactions between tetrabroino-
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Table 3. Dihedral angles (") between A and B planes, and
hvdrogen bonding for the (dmamtH):CoBr,

A B Dihedral Angles (™)
Br1-Co-Br2 Br3-Ce-Brd 89.40(R)
Brl-Co-Br3 Br2-Co-Brd 80.601(7)
Brl-Co-Brd Br2-Co-Br3 87.21(7)

Hvdrogen bonding N-H H--Br N---Br ZN-H-Br
mode (A) (A) (A (")
N7-H7---Brl 0.910 2419 3314 16791
N7°-H7 B2 0.910 2475 333 1537.96

cobaltate anions: the ncarcst nonbonded Co «*-Br distance is
6.293 A and there is no single-bromide bridge of the type
Co-Br-Co. Howaever. there are two relatively short Co-Br -
Br-Co contact pathwavs. ihe shoricst Br-+-Br contact of
4465 A (Br2-:-Brl") in the structure is 0.0 A longer than the
sum of the broming ion van der Waals radii (3.9 A). The two
brominc atoms in this pathway arc also involved in the
hydrogen bonding intcraction. and the tortional angle of Co-
Br+-Br-Co planc is -33.6°. The sccond shoriest Br:+Br
contact of 4.660 A (Brd-+-Brd ") is ~0.8 A longer than van
der Waals radii. bul two cobalt and two brominc atoms arc
on the same planc with the Co-Br:+<Br angle of 140.59°, The
distance between (wo Co aloms is 8.882 A. The aromatic
thiophene ring of (he cation 1s nearly perfeetly planar and
two adjacent thiophence rings are strictly parallel. face to lace
stacked with an interplanar distance of ¢a. 3.48 A. indicating
the presence ol 7-interaction between the aromatic thiophene
rings. These rings arc ofisct onc from another by 2.34 A with
a staggcered oricntation. There is an mversion cenier / (= 52)
al the center of the cavity produced by an array of dmamtH'
cations and CoBr:~ anions as it is shown in Figurcs 2 and 3b.
The Br--Br contact distances of 4.465 and 4.660 A might
be shorl enough 1o allow the magnelic super-cxchange (o

Figure 2. A molecular packing diagram along with (100 ) plane m a
unit cell for (dmamu DH»Colry showing 30% probability ellipsoids.
Intermolecular hydrogen bonds are shown with short-dashed lines
and a -7 stackmg mteraction between two thiophene rmgs 18
denoted by long-dashed hne.
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(b) Brl
Br3
Co
Br2 Br4
{
T “‘/‘/
-~
Brd' Co'l

Figure 3. "T'he two possible magnetic super-exchange puthways in i
unit cell [( 100) plane] tor the (dmamtH );CoBry complex. The 30%
probability ellipsoids are used. The Br---Br contacts are shown
with shorl-dashed lines. And a 77 stacking mnteraction is shown in
the same way as in igure 2.
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Figurc 4. A plot of temperature against the reciprocal magnetic
susceptibility of {(dmamtH):CoBr.

occur antiferromagnetically  between two  paramagnetic
cobalt(I) centers of two different CoBry ™ anions. The
unpaired electron density in 3d metal ions is substantially
delocalized out on to the 4p orbitals of the broniide ion due
to the small energy difference between them.®'® Previous
workers reported the presence of a weak antiferroimagnetic
super-exchange via Co-O---O-Co contact in [Co(CsHsNO)g]-
[NOs]: where the distance of the O---O contact is 3.53 A"
This tvpe of the magnetic exchange pathway with the
Br---Br contact distances of 3.80-4.55 A is well established
experimentally and theoretically for the tetrabromocuprate
compounds.*' "= The strength of these interaction. which
are invariable antiferromagnetic, decreases rapidly with the
Br---Br distance."

The room temperature iagnetic monient of the (dinamtH):-
CoBr; complex is 4.69 BM and is tvpical for noninteracting
or weak interacting high spin ¢’ cobalt ions. The effective
magnetic moments were calculated by fy= 2.828Cn,x 1) ~.
As the temperature is lowered. the effective maguetic
moment is practically constant down to about 20 K, but it
decreases upon further cooling from 20 K to 6 K (tt.y= 4.41
BM at 20 K and 3.86 BM at 6 K). Magnetic susceptibility
data of the (dmamtH)-CoBr, are well described by the
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Curic-Weiss law. yi;  C/(1-6). with a ncgative temperature
intereept (6) of -3.14 K and a slope corresponding 1o a Curic
constant of C = 2.81 cm*Kmol™ as it is shown in Figure 4.

Conclusion

The crystalline structure of (dmamtH)-CoBry is stabilized
by the intramolecular hydrogen bonding intcraction and the
m-interaction between aromatic thiophene rings stacked in
the parallel [ashion. These interactions also provide two
relatively short Co-Br+ - Br-Co contact pathways in the solid-
state structure of the complex. The decrease in the effective
magnctic moment upon cooling from 20 K 1o ¢ K. and the
ncgative valuc of Curic-Weiss constant @ suggest the pres-
cnce of weak anti-lerromagnetic interactions in this complex.
Bascd on the structural data described above. it is reasonable
1o suggest that the possible magnetic super-cxchange path-
ways arc two Co-Br---Br-Co contacls denoted by pathway
(a) or pathway (b) in Figurc 3.
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