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Sulfidized, nanoscale zero-valent iron (S-nZVI) has 
recently gained much interest for in-situ subsurface 
remediation. This is because the Fe0 core - FeS shell 
structure of S-nZVI particles enables selective 
reduction of persistent groundwater contaminants, while 
limiting Fe0 oxidation by water. These properties are 
well assessed based on studies of reaction rates and 
products. However, much less is known about the 
intrinsic core-shell structure. This is particularly 
important in order to understand S-nZVI transformation 
and performance once injected into contaminated soils 
and aquifers. 

We synthesized two common S-nZVI types. T1: 
one-pot synthesis using sodium dithionite and T2: two-
step synthesis using sodium sulfide. By utilizing a suite 
of high-resolution microscopic, spectroscopic and 
diffraction techniques, we unravelled that the shell of 
T1-S-nZVI was dominated by amorphous Fe(OH)2, and 
to a lesser degree by amorphous FeS closely linked to 
the Fe0 core. The T2-S-nZVI instead exhibited a shell 
entirely made of nano-crystalline FeS. These stark 
contrasts in shell structure, impacted trichloroethene 
(TCE) reduction, whereby T2-S-nZVI exhibited 4-fold 
increase in reduction rate, relative to T1-S-nZVI. In 
addition, rapid Fe (hydr)oxide formation, concomitant 
with faster drop in TCE reactivity, was observed in T1-
S-nZVI, relative to T2, upon prolonged aging. Overall, 
our results suggest that for effective contaminant 
reduction: 1) FeS sites need to be closely associated to 
Fe0 2) FeS sites need to be accessible by the bulk 
solution, and 3) the shell must permit Fe0 oxidation, i.e., 
migration of aqueous Fe2+. 


