FMRI RET 2015-Characterizations Of Iron-Based Metal-

Organic Frameworks

SOUTH FLORIDA . - .
Sandra Gebhard?, Kia Williams, Dr. Shenggian Ma?
1. Brandon High School, Hillsborough County School District; 2. Chemistry Department, University of South Florida

USE

Abstract Objectives

30
The need for cost-effective and efficient alternative energy systems has

S 47
encouraged research in polymer exchange membrane fuel cells. Platinum *Synthesis of iron based MOF N -
group metals (PGM) are the conventional electrocatalysts at the cathode of *Characterization of ME samples using Powder X-ray diffraction (PXRD), Energy Dispersive X- ™ 03
PEMFCs. The high cost and limited availability of these metals has led to ray Spectroscopy (EDS), and Scanning Electron Microscopy (SEM)

investigations in efficient non-PGM electrocatalysts. Metal-Organic
Frameworks (MOFs), a family of porous crystalline materials have been used
as a sacrificial species in an attempt to reduce the need for PGM catalysts. A h
This three part study will examine the effects of transition metal content in a p p roa C
modified Metal-Organic framework (ZIF-7) as a self-sacrificing precursor for LI

an ORR catalyst. The first phase of the study examined cobalt based MOF.
During this phase, an iron based MOF will be characterized.

Background

Clean renewable energy is a vital and growing need in the global economy.
Polymer Exchange Membrane Fuel Cells (PEMFCs) are an effective
alternative energy source that has been available for decades. Their use is
severely limited by their high cost in comparison to other options. Thus,
research into optimizing their performance and lowering their cost is
ongoing. One area of research is to replace the significantly higher levels of Fig 2. Crystal structure of ZIF-7 Fig 3. SEM images of a) ZIF-7 b) ZIF-7-Fe Analysis of the samples demonstrated the successful
platinum at the cathode (5-10 times greater than at the anode) and improve
the oxygen reduction reaction (ORR). ! Previous research has demonstrated
the potential of MOFs that have undergone post-synthetic modification

Table 1. Fe content by mass compared to Zn

Fig 6. EDS spectrum of ZIF-7
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A - Conclusions and Future Work

ZIF-7-Fe-93 25. OkV x1000 ZIF-7-Fe-93 25.0kV x1200 10um

synthesis of the [ron MOF. Therefore catalysis studies
can commence. We will be using a rotating ring disk

(PSM).23 ) N —— A electrode to determine the onset potentials and
: — ZIF-7 (12% Co) -7(Fe
—zr7eseco o electron transfer numbers for the ORR.

Zeolitic imidazolate frameworks (ZIFs) are a subclass of MOFs that exhibit ——2IF-7
better thermal and chemical stability than MOFs in general. Metal exchange l
|

(ME), a type of PSM, will be used to replace the zinc atoms within the
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structure with various transition metals. Previously, in the first part of the H R f d R
study, samples of cobalt substituted for zinc in ZIF-7 were created but with a@iﬂ A Y ' | 1 e e re n Ce eso u rces
limited success and reproducibility. In this phase of the study, iron was "‘ “”T’““TJ“”"‘““’““"T“TMM"“
chosen as the substitution metal as previous research has shown the great : 2 ' T ' T 1. Zhang. PEM Fuel Cell Electrocatalysts Layers: Fundamentals and Applications.
potential of iron-carbon composites.* Once these samples were 200 20/° Springer. 2008
synthesized, characterization of their structures could begin. Ultimately, the . Fig 5. PXRD comparison to parent ZIF-7 2. E. Proietti, F. Jaouen, M. Lef_evre, N. Larouche, J. Tian, J. Herranz and J.-P.
goal is to better understand the mechanism behind the ORR. A systematic to ZIF-7 Fe (30%) Dodelet, Nat. Commun., 2011, 2, 416.
study of the ORR activity of these transition metals can further knowledge 3.S. Ma, G. A. Goenaga, A. V. Call and D.-J. Liu, Chem.—Eur. J., 2011, 17, 2063—
and understanding of the factors that contribute to catalytic activity and ) 2067
B . Benoit Lefez, Beatrice Hannoyer, and Satishchandra Ogale. MOF derived porous
Zn(NO;), 6H,0 N> NN carbon—-Fe304 nanocomposite as a high performance, recyclable environmental
-..O + ,IN- . . _
Co(NO,), 6H,0 dimethylformamide Fig 4. a) PXRD comparison of cobalt analogs. b) superadsorbent J. Mater. Chem., 2012, 22, 19694-19699

ZIF-7 (25%) Co post pyrolysis
0.75 . 1 . 150 ( 0) P pyroly

Fig 1. Synthesis schematic of ZIF-7
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