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Dihydrogen complexes are mainstays of transition metal 

chemistry

• Homogeneous hydrogenations

• Biomimetic chemistry

• Hydrogen storage

Since discovery in 1984, dihydrogen complexes have been 

implicated in main group as well as lanthanide chemistry

No counterpart in the actinides

Introduction

Design and Synthesis

1H nuclear magnetic resonance (1H NMR) spectroscopy 

very sensitive to paramagnetic ion interactions3:

Titration experiment shows linear dependence of H2 

chemical shift on [(C5H4SiMe3)3U]:

Temperature dependence deviates from Curie-Weiss 

behavior:

Similar 1H NMR evidence suggests a uranium-olefin 

interaction is possible with Pt(η2-C2H4)(PPh3)2:

Experimental Results

Density functional theory calculations:

• Geometry similar to Cp*2Eu-H2, but very close U-H 

contacts

• U-H2 bonding orbital shows f-electron involvement

Theoretical Modeling Internship Highlight:

Nuclear Forensics at the Advanced Light 

Source via Soft and Tender X-ray 

Spectromicroscopy

Background:

• Robust nuclear forensics program part of preventing 

the use and proliferation of nuclear weapons

• X-ray fluorescence elucidates elemental composition 

of a sample by measuring spectrum of characteristic 

X-ray emissions

Metallic uranium doped with other metals to facilitate 

“intentional forensics”:

Analysis at ALS BL 10.3.2 allows detection of trace (tens of 

ppm) elements in the taggants and element mapping:

Mission Relevance

The NNSA’s understanding of actinide chemistry 

informs its development of technologies capable of 

characterizing and analyzing nuclear materials. As such, 

continuing to study new actinide-based materials is critical 

to maintaining a current and effective detection and 

analysis protocol. This research expands the community’s 

knowledge base in fundamental actinide-element 

interactions, relevant to the structure and properties of 

materials such as actinide carbides, silicides, and post-

transition-metal alloys.

The detection of trace elements in taggant samples 

greatly facilitates material accounting. Furthermore, the 

application of synchrotron X-ray techniques to actinide 

material analysis can yield information as to material origin 

and refinement method(s) for nuclear forensics purposes.
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Target: electron-rich uranium complex with vacant 

coordination site

Start synthesis from uranium turnings:

Separately, synthesize bulky, multihaptic “Cp” ligand:

Combine ligand and UI3 to yield uranium(III) complex with 

open coordination site:
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 as found  et een   and   ppm relati e to external     diox 

ane.    n natural a undance studies the resonance of the ring

oxygen appeared considera ly  roader than that of the other lines 

as a result of the more restricted rotational freedom of    .  rom

another  or the surprisingly lo  f ield oxygen N  signal at

  . ppm of   oxanor ornane  as also a aial le. 

This prompted us to la el the anomeric oxygen atom  of la

         enrichment in  oiling dry     dioxane and af ter

acety lationto treat lc  ith sodium a ide. The   .         

N  spectrum of the resultingpurif ied     anhydro sugar    

sho n in  igure   indicates a  ery  road signal at   . ppm in

perfect agreement  ith that reported f or   oxanor ornane and

stronglydeshielded  ith respect to the ring oxygen atom of mo 

nosaccharides.   This result afforded e idence f orpath ay  in

the f ormationof the     anhydro sugar   .

 o e er neither the    chemical shif tof the model   oxa 

nor ornane nor the signal position of    of monosaccharides in

conf ormationsother than chair  as a aila le to us. Thus it

appeared ad isa le to pro e that the n N  consistency of   

 ith   oxanor ornane  as not f ortuitous.

Therefore la eling of the anomeric oxygen atom of la  as also

carried out  ith    enriched   ls . Af ter acety lationand

sodium a ide treatment of  d the resulting     anhydro sugar  c

 as examined  y    .        C N  spectroscopy. Af ter

 aussian resolution enhancement  oxygen    induced upf ield
isotopic shifts a   of  .   ppm  ere detected at the t o directly
attached car on sites    . and   . ppm in C C    assigned

unam iguously  y specific proton decoupling to C l and to C   

respecti ely. These resonances appeared as a pair of signals

corresponding to the   C    and   C    species. This exper 
imentconf irmedthe C l oxy anion mechanism of path ay  in

the f ormationof the     anhydro sugar  c.

Ac no ledgment.  e than  rofessor  .  auter einand  r.

 .  .  erothanassis of the  ni ersityof  ausanne f or their in 

 alua le help in the measurement of the n N  spectrum and

 rofessor  .  ilarrasaof the  ni ersityof  arcelona f or stimu 

lating discussions.

    errige A.  .  indon  . C.  .  agn.  eson.            .

Characteri ationof the  irst  xamples of  sola le

 olecular y drogen Complexes   C             
    o     Cy     r .   idence for a Side on

 onded    igand

 regory  .  u as   o ert  .  yan  asil  . S anson 

 hillip  .  ergamini and  ar ey .  asserman

 os Alamos National  a oratory
 ni ersityof Calif ornia

 os Alamos Ne  exico      

 ecei ed  uly        

 e  ish to report the f irstexamples of isola le transition metal

complexes containinga coordinated dihydrogen molecule char 

acteri ed  y a  arietyof spectroscopic and structuralmethods to

possess      onded   .
Toluene solutions of deep purple   C     Cy        o 

   react readily and cleanly  ith hydrogen   atm precipitating
yello crystals of mer m  .f    C     Cy        in       

yields.   The tungsten      r analogue is isolated in lo er yields

    nteraction of Cr C    ith   in a rare gas matrix has recently  een

o ser ed.  S eany  .  . pri ate communication. 
    u as  .  .  . Chem. Soc. Chem. Commun.        .

   Anal. Caled for C          o: C   .     .     . .  ound: C 
  .     .     . . Caled for C           . C   .     .     . .  ound:

C   .     .     . .

    au  . Teller  .  .  irtley S.  .  oet le T.  . Acc.Chem.  es.

               .

    ergamini  .  .  asserman  .  .  u as  .  .  yan  .  . un 

pu lishedresults .

 igure  .  eometry of the   C          r    t      molecule  ith

hydrogen atoms of the   i  r groups omitted for clarity. The positions

of the t o hydrogen atoms sho n  ere deri ed from neutron data  hile

hea y atom positions are from         C   ray data.

f rom hexane since it is  ery solu le in hydrocar on sol ents.

 o C      i  r       could not  e o tained as a solid although
re ersi le color changes  purple y ello  in solution indicate

  addition.  n all complexes the   is extremely la ile and

storage and handling under an    enriched atmosphere is nec 

essary.  mmediatediscolorationoccurs upon exposure of mi 

crocrystalline samples to  acuum or argon  ut the original color
is instantlyrestored upon contact  ith   .  ul loss of   f rom
the solids is slo at    C   dissoc    torr f or   C      f  

 r       and  torr f or the  Cy analogue   ut the   can  e

rapidly  uantitati elyremo ed f rom toluene solutions to gi e

  C          y f lushing ith argon or exposure to partial
 acuum at       C.

Suita le single crystals of   C      i  r       ha e  een

su  ected to   ray and neutron dif f ractionanalyses.  ecause

neutron dif f ractionis the method of choice f or locating hydrogen
atoms  ound to hea y metals  room temperatureneutron data

 ere collected at the  os Alamos  ulsed Neutron Source utili ing
the  aue time of  f lightmethod and  ere used to produce a dif  
ference  ourier map phased on the non hydrogen atom coordi 

nates f rom room temperature   ray studies. This route clearly
demonstrated the presence of  oth atoms of the   ligand.  o 

cation of some other hydrogen atoms in the molecule  as ham 

pered  y disorder in the phosphine ligands. Attemptsto o tain

detailed molecular parameters  y least s uares refinement  ere

ultimately hindered  y this ina ility to properly model the

phosphine ligands.

Su se uent lo  temperature          C   ray dif f raction

analysis  confirmed the location of the molecular hydrogen ligand. 
 efinement in this case pro ed more tracta le since   ray data
are less sensiti e to disorder in ol ing phosphine hydrogen atoms.
The resulting geometry a out the tungsten atom   igure   is that
of a regular octahedron  ith  cis interligand angles a out

tungsten ranging f rom   .     to   .     . The dihydrogen
ligand is symmetricallycoordinated in an   mode  ith a erage
tungsten hydrogen distances of  .          ray  and  .   

 neutron A  . The    separation is  .          ray  and

     C      i  r       crystalli esin the centrosymmetricorthorhom 
 ic space group  ca  No.     ith a    .            .        c

   .      A       .    and pcalcd
  .  g cm  for    and   

    . . Automated diffraction data  ere collectedat         C the
residualsfor     a sorptioncorrecteddata    max

             are   
  .  and      .  . All hea y atoms in the molecule ere locatedand

refined hydrogenatoms of the   i  r groups ere includedin fixed positions.

 eights  ere deri ed from standard counting statistics modified  y an

 ignorance factor of  .   . Calculations  ere performed on a C C     

computer ith use of localcrystallographicprograms de eloped  y  r. A. C.

 arson. Neutral atom scattering factors modified  y anomalousdispersion
 except hydrogen   ere used. 

    arson A. C. A stracts American Crystallographic Association ro 

ceedings     .

     nternational Ta les for    ay Crystallography   ynoch  ress:

 irmingham  ngland       ol.    pp               .

    ositionalparameters  ere refined for  oth hydrogen atoms as  ell as

an isotropic thermal parameter for     for  hich   so
       .  efine 

ment of an isotropic thermal parameter for   l resulted in  aa         

so that in the final cyclesof refinement  is for   l  as fixed at  .   .

                         .     copy     AmericanChemical Society
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Fig 1. Structure of the 

“Kubas” complex.1
Fig 2. Structure of 

Cp*2Eu-H2.
2

Fig 3. 1H NMR 

spectra (500 MHz, 

296 K) of a ~3 mM 

solution of H2 in 

C6D6 containing the 

indicated 

equivalents of 

(C5H4SiMe3)3U. 

Concentrations 

calibrated to 

internal 

hexamethyl-

benzene.

Fig 4. Plot of 

chemical shift vs. 

1000/T for a 

methylcyclo-

hexane-d14 solution 

of H2,

(C5H4SiMe3)3U, and 

hexamethyl-

benzene.
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Fig 5. Optimized structure 

of complex 1.

Fig 6. U-H2 bonding orbital 

in complex 1.
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Fig 7. Uranium taggant 

monolith in containment 

system of polypropylene 

and Kapton.

Fig 8. X-ray fluorescence spectrum of the uranium 

taggant monolith. Spectra are offset for clarity.

Poster 7

Fig 9. X-ray fluorescence element maps.
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