
Final Report (2002-2014) for DOE grant (DE-FG02-02ER45999)
 Kim R. Dunbar, Department of Chemsitry, Texas A&M University 

Summary of Training
Over the course of this period of funding, the PI published 62 papers and graduated 15 Ph.D. 
students supported by the grant. In addition 17 undergraduate students, 10 postdocs and 16 
Visiting  Scholars  were  also  involved  in  this  research.  Over  150  talks  at  national  and 
international conferences on the topic were given by the PI and her research group. 

Summary of Broader impacts
 In  addition  to  the  training  of  undergraduate  students,  graduate  students,  Visiting 

Professors and Visiting Scholars, the PI and her group participated in numerous acitivities 
encompassing  outreach  and  community  service.  The  development  and  education  of 
students is of utmost importance to the field of chemistry. Fostering a diverse and positive 
learning environment is vital for the development and future of science. The versatility of  
skills required to work on this project represented a golden opportunity for students to learn 
the synthesis and characterization of organic and inorganic compounds as well as essential 
methods of characterization techniques. The students worked closely with the PI and the 
collaborators to learn first-hand how to perform all of the measurements and to interpret 
magnetic and conductivity data. The PI sent her students to work with both domestic and 
international collaborators one-on-one, so that students could obtain a better understanding 
of  the techniques and methods of characterization that  could not be carried out at  her 
home institution. 

The  PI  has  been  committed  to  upholding  the  value  of  education  and  providing 
opportunities for her students to enhance their experience not only through collaborations, 
but through attending in-house seminars, meetings with visiting professors and participating 
in conferences, especially those that focus on their field of study. The PI has sent many 
students to special conferences/meetings/workshops throughout the past twelve years of 
DOE support. The PI has also supported the advancement of the education of her students 
by  sending  them  to  facilities  such  as  the  Advanced  Light  Source  at  Lawrence  Berkeley 
National Laboratory and the Advanced Photon Source at Argonne National Laboratory in 
order  to  gain  hands-on  experience,  efforts  that  have  been  very  important  for  their 
education. These opportunities are invaluable for their  future success in careers in both 
academics or industry. The PI has encouraged the students to apply for and has helped them 
to prepare Fellowship applications to the NSF, Ford Foundation, DOE and the Louis Stokes  
Alliances for Minority Participation (LSAMP), many of which have been awarded.

The PI is also committed to recruiting students from underrepresented backgrounds. The 
PI wrote a local section ACS grant several years to start a chapter of NOBCChE (National 
Organization of Black Chemists and Chemical Engineers) at Texas A&M which will help in the 
recruitment  and  retention  of  African  American  undergraduate  and  graduate  chemistry 
students.  The PI and her students are also strongly committed to reaching out to younger 
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generations in order to enhance their passion for science and enriching their education by 
volunteering  in  the  community.  These  efforts  consist  of  development  of  educational 
materials, giving demonstrations at several events and local schools, offering free tutoring 
and acting as coaches and Specific instances are  Coaches Clinic Lab, SACNAS free tutoring 
service  since  2011-  http://sacnas.tamu.edu/node/15,  Community  Outreach  Bryan  School 
District-  Chemistry and Nanotechnology Workshops,  Organized chemistry  demonstrations 
for the National Chemistry Week for the CHEM 116 showroom (since 2004), Science fair 
judge at Harmony Science Academy, Science Bowl judge, Science Olympiads Chem Lab C, 
Expanding your horizons in Science and Mathematics.

Geometrical and Electronic Control of Anisotropy in Mononuclear Complexes.
We found that the treatment of trenBn,H, Ni(H2O)6[ClO4]2 

and  NaNCS  in  acetonitrile  affords  the  compound 
[Ni(trenbn,H)(NCS)][ClO4]MeOH (Figure 1). The Ni ion is 
located in a distorted tetragonal pyramid instead of the 
expected trigonal  bipyramidal  geometry due to close 

intermolecular Ni…S contacts (3.607 Å). As a result,  a 
small  DNi value  (-0.23  cm-1)  was  found.  Bulkier 
substituents are required for rendering the equatorial 
plane  more  crowded  in  order  to  maintain  the  TBP 
geometry.
Incorporation  of  Titanium  Ions  into  Magnetic 

Materials 

In  the  last  year  of  this  DOE  grant  we  continued 
working on the TiIII building block, (Et4N)[Tp*Ti(CN)3] 
and  initiated  a  collaboration  with  Dr.  Alessandro 
Soncini  from  the  University  of  Melbourne  who 
performed  ab  initio CASSCF  calculations  on  (Et4N)
[Tp*Ti(CN)3]   and  (Et4N)[Tp*TiCl3].  Using  the  atom 

Figure 4. [(acac)2V(CN)2]- 
anion.

Figure 1. Molecular structure and 
DC magnetic data for [Ni(trenbn,H)
(NCS)][ClO4]MeOH.

Table 1. Calculated ligand field energies in cm-1.

State (Et4N)[Tp*TiCl3] (Et4N)[Tp*Ti(CN)3]

Oh C3v CASPT
2

SOC CASPT2 SOC

2T2g
2A1 0 0 0 0
2E 1220 1180 1420 1380

1310 1380 1480 1550
2E 2E 15900 1591

0
22910 22920

1642
Figure 3. The {(Tp*Ti(CN)2)2( -OAc)4( -O)2Mn}- μ μ
anion.
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coordinates,  the ligand field spectra and magnetic properties were predicted from these 
calculations.  As  shown  in  Figure  2,  the  theory  results  are  in  excellent  agreement  with 
experimental  data.  Table  1  shows  the  calculated  ligand  field  energies  of  the  starting 
materials. From this we can see that the ground state of this compound is non-degenerate, 
which is not ideal for having first-order spin-orbit coupling (emanating from a degenerate 
ground state in a trigonally distorted systems). Replacing the methyl substituents on the Tp* 
ligand for a bulkier group such as phenyl would likely promote a trigonal elongation and 
stabilize  the  degenerate  2E  state.  The  [Et4N](Tp*Ti(CN)3)  forms  trinuclear  molecules  of 
general  formula  {(Tp*Ti(CN)2)2(μ-OAc)4(μ-O)2M}0/1- (M  =  CrIII,  CoII,  MnII)  Figure  3  in  the 
presence of  trace H2O.  The chromium analog  contains  an [Et4N]+ cation in  its  structure, 
which means that at least one of the titanium centers remains trivalent. This represents a  
rare example of a TiIII containing molecule; magnetic measurements are currently underway. 
The Mn compounds contain only TiIV. The Tp*TiIV therefore acts as a diamagnetic cap and 
would  be  an  ideal  system  for  testing  isolated  pseudo-octahedral  environments  for 
mononuclear SMMs. According to recent theory, d1, d2, d6, and d7 transition metal ions have 
the possibility for exhibiting large anisotropy in octahedral environments. Because of this, 
particular focus is on the FeII and CoII analogs. 
Trans-dicyanide building blocks for chains. In an effort to expand the library of SCM cyanide 
building blocks, [V(acac)2Cl(THF)] was used to prepare  PPN[(acac)2V(CN)2]·PPNCl (Figure 4) 
and [V(Salphen)Cl(DMF)] was reacted with CN- to give PPN[V(Salphen)(CN)2]. The analogous 

salen-based  building  blocks  PPN[V(MeOSalen)(CN)2]  and 
PPN[V(Salen)(CN)2] were also isolated. 
Cyanometallate  Chemistry  of  Highly  Anisotropic  Metal 
Ions
We found  an  interesting  alternative  to  TBP  product 
formation by using 2,2’-bipyridine (bpy) instead of tmphen. 
The  reaction  of  [MoIII(CN)7]  with  [MnII(bpy)2]2+  in  a 
H2O/MeOH  mixture  produces  the  octahedral  molecule 
{[MnII(bpy)2]4[MoIII(CN)7]2}  as  confirmed  by  single  crystal 
X-ray data (Figure 5). The self-assembly with bpy appears 
to  be  solvent  independent  and  selective  for  octahedral 
molecules. Interestingly the magnetic data revealed strong 
ferromagnetic  interactions  between  the  MoIII and  MnII 

centers  with a Weiss  constant  of +43 K.  The compound exhibits the onset  of frequency 
dependence in the out-of-phase AC susceptibility data consistent with SMM behavior.

Compounds with Dianionic Organocyanide Ligands

Figure 5. Molecular structure of 
the 
{[MnII(bpy)2]4[MoIII(CN)7]2} 
octahedral molecule.



A series  of  proposed  model 
dinuclear  compounds 
bridged  by  para-  and 
ortho-dicyanamidobenzene 
dianions  were  synthesized 
and  their  magnetic 
properties  studied: 
{Mn(salen)
(CH3OH)}2(μ-DCNQI)  (1), 
{Mn(salen)
(CH3OH)}2(μ-anti-N(cyano),N(
amido)-DCYD)  (2),  {Cr(salen)

(CH3OH)}2(μ-DCTL)  (3),  and  {Mn(salen)
(CH3OH)}2(μ-DM-DCNQI)  (4) (DCNQI2- = 
1,4-dicyanamidobenzene  dianion,  DM-DCNQI2- = 
2,5-dimethyl-1,4-dicyanamidobenzene  dianion, 
DCYD2- =  1,3-dicyanamidobenzene  dianion  and 
DCTL2- =  2,6-  dicyanamidotoluene).  The premise 
of  this  work  was  to  test  computational  results 
that predicted  strong  ferromagnetic  and 
antiferromagnetic exchange coupling interactions 
between  trivalent  3d  transition  metals,  on  the 

order of 75-150 cm–1 for these diamagnetic linkers. Unlike what was predicted by theory, it 
was found that  the coupling between the trivalent  MnIII centers  was much weaker than 
predicted (Figure 6). We attribute this  situation to the strong Jahn-Teller distortion of the 
MnIII d4 unit which leads to long Mn-N bond distances (2.242 Å). In the case of DCYD2-, an 
unexpected structure was obtained with one of the MnIII ions coordinated to an amido-N 
instead of the terminal cyano-N (Figure 7). Therefore, a methyl group was employed to block 
the free rotation to obtain DCTL2-, and even with the Jahn-Teller inactive octahedral CrIII ion 
in place of MnIII, only very weak antiferromagnetic interactions are observed. 

Figure 7. Molecular structure of 
2.

Figure 6. Structure and plot of T versus T for 1.χ

J = -28 cm-1
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