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ABSTRACT:	
   The	
   slow	
  magnetic	
   relaxation	
   of	
   Co(II)	
   in	
   the	
  
elusive	
   intermediate	
   geometry	
   between	
   trigonal	
   prism	
   and	
  
trigonal	
  antiprism	
  has	
  been	
  studied	
  on	
  the	
  new	
  [Co2L3]

4+	
  and	
  
[CoZnL3]

4+	
   coordination	
   helicates	
   (L	
   is	
   a	
   bis-­‐
pyrazolylpyridine	
   ligand).	
   Solution	
   paramagnetic	
   1H-­‐NMR	
  
and	
   solid-­‐state	
   magnetization	
   measurements	
   unveil	
   single-­‐
molecule	
   magnet	
   behavior	
   with	
   small	
   axial	
   anisotropy,	
   as	
  
predicted	
  previously.	
  

Controlling	
  the	
  magnetic	
  states	
  of	
  certain	
  molecules,	
  the	
  so-­‐
called	
   single-­‐molecule	
  magnets,	
   SMMs,1-­‐4	
   opens	
  wide	
   possi-­‐
bilities	
   for	
   creating	
   new	
   devices	
   for	
   ultrahigh-­‐density	
   infor-­‐
mation	
   storage.5-­‐6	
   SMMs	
   are	
   paramagnetic	
   d-­‐	
   or	
   f-­‐metal	
  
complexes	
  with	
   large	
  magnetic	
  anisotropy,	
   resulting	
   in	
  slow	
  
magnetic	
  relaxation	
  of	
  the	
  magnetic	
  moment.7-­‐14	
  Among	
  first	
  
row	
  transition	
  metal	
  SMMs,	
  cobalt	
  complexes	
  have	
  the	
  larg-­‐
est	
  barrier	
  of	
  magnetization	
  reversal,15-­‐18	
  which	
  in	
  the	
  case	
  of	
  
a	
   two-­‐coordinate	
   linear	
   cobalt(II)	
   complex19	
   approaches	
   the	
  
theoretical	
   limit	
   in	
   that	
   environment	
   of	
   450	
   cm-­‐1.	
   These	
  
complexes	
   and	
   their	
   cobalt(I),20	
   iron(I)21	
   and	
   iron(II)22	
   ana-­‐
logues	
   are,	
   however,	
   unstable,	
  making	
   any	
   possible	
   techno-­‐
logical	
  applications	
  extremely	
  challenging.	
  
Among	
   other	
   coordination	
   environments	
   that	
   also	
   ensure	
  
large	
   magnetic	
   anisotropy	
   of	
   cobalt(II)	
   while	
   keeping	
   the	
  
complex	
   chemically	
   stable,	
   a	
   trigonal	
   prism	
   (TP)	
   recently	
  
emerged	
   as	
   an	
   ideal	
   geometry.17,	
   23	
   Despite	
   some	
   recent	
   ex-­‐
amples	
   acting	
   as	
   SMMs,18,	
   24-­‐25	
   these	
   compounds	
   remain	
  
unusual,	
  as	
  the	
  TP	
  geometry	
  is	
   limited	
  to	
  rather	
  exotic	
  rigid	
  
clathrochelate	
   ligands.26	
   More	
   common	
   scorpionate-­‐like	
  
ligands	
   often	
   lead	
   to	
   trigonal	
   antiprism	
   (TAP)	
   geometries,27	
  

where	
   slow	
   relaxation	
   is	
   only	
   observed	
   under	
   an	
   applied	
  
magnetic	
   field.28-­‐30	
   A	
   distortion	
   from	
   a	
   TP	
   towards	
   a	
   TAP	
  
geometry	
   (Bailar	
   twist)	
   reduces	
   further	
   the	
   SMM	
   perfor-­‐
mance	
   with	
   respect	
   to	
   both	
   ideal	
   polyhedra.31	
   It	
   was	
   even	
  
predicted32	
  that	
  at	
  an	
  angle	
  ϕ	
  of	
  ca.	
  40°	
  (ϕ	
  =	
  0°	
  and	
  ϕ	
  =	
  60°	
  
for	
  ideal	
  TP	
  and	
  TAP,	
  respectively)	
  the	
  axial	
  parameter,	
  D,	
  of	
  
the	
   zero	
   field	
   splitting	
   (ZFS)	
   changes	
   its	
   sign;	
   however,	
   no	
  
experimental	
  data	
  on	
  the	
  SMM	
  behavior	
  have	
  been	
  collected	
  
for	
   the	
   cobalt(II)	
   complexes	
   with	
   trigonal	
   symmetry	
   and	
  ϕ	
  
between	
   24	
   and	
   57°,	
   which	
   should	
   provide	
   a	
   better	
   under-­‐
standing	
   of	
   magneto-­‐structural	
   correlations	
   for	
   cobalt(II)-­‐
based	
   SMMs.	
   Coordination	
   helicates33-­‐34	
   appear	
   as	
   good	
  
prospective	
  systems	
  in	
  this	
  respect.	
  

We	
  have	
  synthesized	
  a	
  new	
  cobalt(II)	
  dinuclear	
  helicate	
  from	
  
a	
   new	
   bis(pyrazolylpyridine)	
  ligand	
   (L,	
   1,3-­‐bis[1-­‐(pyridine-­‐2-­‐
yl)-­‐pyrazol-­‐3-­‐yl]benzene),35	
  which	
  ensures	
  trigonal	
  geometry,	
  
intermediate	
  between	
  the	
  TP	
  and	
  the	
  TAP,	
  around	
  the	
  metal	
  
ion.	
   Indeed,	
   the	
   analogous	
   helicates	
  with	
   Fe(II)	
   feature	
  ϕ	
   ≈	
  
30.35-­‐36	
  Besides	
   the	
  desired	
  coordination	
  geometry,	
   this	
  heli-­‐
cate	
   exhibits	
   two	
  metal	
   centers,	
  which	
  might	
  modulate	
   the	
  
SMM	
  properties	
   of	
   the	
   corresponding	
   cobalt(II)	
   ions	
   by	
   ex-­‐
change	
   bias.37	
   We	
   have	
   employed	
   this	
   compound	
   to	
   study	
  
the	
  magnetic	
  relaxation	
  of	
  Co(II)	
  in	
  this	
  elusive	
  intermediate	
  
geometry.	
   To	
   analyze	
   the	
   mutual	
   effect	
   of	
   the	
   Co(II)	
   ions	
  
within	
  the	
  [Co2]	
  molecule,	
  we	
  have	
  also	
  prepared	
  the	
  mixed	
  
metal	
   [CoZn]	
   helicate,	
   as	
   part	
   of	
   a	
   solid	
   solution	
   with	
   the	
  
homometallic	
   analogue;	
   [Zn2].	
   For	
   comparison	
   and	
   for	
   fur-­‐
ther	
   support,	
   the	
  pure	
   [Zn2]	
  has	
  been	
  prepared	
  and	
  charac-­‐
terized.	
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polyhedron	
  shown	
  here	
  is	
  intriguing	
  and	
  worth	
  studying.	
  We	
  
are	
  now	
  exploring	
  ways	
  of	
  enforcing	
  or	
  tuning	
  it	
  by	
  introduc-­‐
ing	
  capping	
  fragments	
  to	
  the	
  pyridine	
  moieties	
  of	
  L	
  or	
  modi-­‐
fying	
  the	
  bridging	
  phenylene	
  to	
  vary	
  the	
  torsion	
  at	
  will.	
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