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Quantum chemical and mass spectrometric studies of 

hydrogen bonded complexes are of fundamental importance in 
shaping our understanding of molecular interactions in the 
bulk liquid phase. The gas phase solvation of Cadmium 
chloride species according to X·(H2O)n + H2O= X·(H2O)n+1, 
X=[CdClm]2-m, provides a suitable model for such studies and, 
can as such provide insight into the stability and abundance of 
ionic water clusters in high temperature low density aqueous 
fluids [1] as well as serve as a model system for ionic 
dissolution and precipitation reaction in water clusters [2]. The 
work here presents new results for the stability, structure and 
abundance of hydrated [CdClm]2-m complexes via MP2/CBS 
and CCSD (T)/CBS calculations with cc-pVXZ-PP basis sets 
(X=D, T, Q) in combination with Fourier transform ion 
cyclotron resonance mass spectrometry (FT-ICR/MS). Gas 
phase ion-molecule experiments were conducted on a 
modified 7 Tesla FT-ICR/MS equipped with electro spray 
ionization (ESI) source and IRMPD laser for ion 
fragmentation. A preliminary analysis of results from this 
study indicates that i) Cd2+ prefers to coordinate six first shell 
water molecules rather than seven [3, Fig.], ii) the stepwise 
attachment of Cl- onto hydrated [CdClm]2-m yields a suite of 
energetically similar isomers and iii) FT-ICR/MS experiments 
currently underway, will provide additional insight concerning 
the stability of these clusters. Implications for metal-halide 
transport in high temperature vapor will be discussed. 
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Iron oxides are ubiquitous in nature. Central to an 

understanding of the iron geochemical cycle are dissimilatory 
Fe (III) reducing microorganisms (DIRMs), which serve as 
catalysts for environmentally significant redox reactions. 
Although well studied, there is considerable disagreement on 
whether these microorganisms can use highly crystalline 
forms of Fe (III) oxides as terminal electron acceptors in the 
environment. However, the reduction of these highly 
crystalline phases (goethite, hematite, magnetite) has been 
observed in the laboratory, under column flow experiments 
and in natural soils. Yet, current model DIRMs in culture 
show diminished abilities to reduce these more crystalline 
phases, only reducing a small fraction of the potentially 
available Fe (III). 

Given the large range in the properties of Fe (III) oxides, 
we predicted that different groups of bacteria may specialize 
in the reduction of the various phases. We systematically 
tested this hypothesis through Fe-enrichment studies. In total, 
enrichments included: 4 Fe (III) (hydr)oxides (ferrihydrite, 
lepidocrocite, goethite and hematite) including a no iron 
control to test for fermentative organisms, 3 carbon sources 
(glucose, lactate, acetate) plus an equal mix of the 3, and 5 
dilutions done in duplicate, leading to 200 enrichments. After 
enrichment, microbial communities were analyzed by T-RFLP 
and 16S clone libraries. Iron reduction was monitored by 
measuring Fe (II) production, while iron mineralogy was 
analyzed with EXAFS and XRD. 

Data from two experiments, including this enrichment and 
an initial smaller study, support our mineralogical niche 
hypothesis. T-RFLP and 16S based phylogenetic analysis 
illustrates different and novel metal-reducing communities 
enrich on various Fe (III) (hydro)oxides. Fe (II) and EXAFS 
studies indicate the reduction of crystalline Fe oxides in 
specific enrichments.  

These findings suggest that differences in the Fe (III) 
(hydr)oxides are important factors in shaping the community 
composition in iron reducing environments. It also suggest 
that the role of model DIRMs may be minor in the reduction 
of more recalcitrant Fe (III) oxide phases while the role of 
other organisms needs further investigation.  


