Research Iin the Pike Lab

ﬂVhat We Do:
Synthesis and characterization of

iInorganic complexes
« X-ray crystallography
« NMR (1H, 13C, and 31P)

* Infrared spectroscopy

« Thermogravimetry

* Fluorescence spectroscopy
» Crystallization

* Hydrothermal reactions

* Inert atmosphere methods
k Mass spectrometry

~

« Atomic absorption spectroscopy

4 Research Goals:
 Environmental sensors
* Environmental control
 Photoemissive devices

° Optical data storage materials

~
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An X-ray Structure: [Cugls(P(OPh);)g]

fCommunication of Results:

publication of results
presentations at conferences
annual research symposium

~

K. weekly summer group meetings )




Metal-Organic Materials

/Metal-organic materials consist of metal ion “nodes” and\
organic or inorganic linker ligands (Lewis bases). They usually
self-assemble from these components, forming molecules or

kpolymeric networks. y

Characteristics: Applications:

Porous Separations
Reactive Catalysts
Redox active Sensors
Chiral Displays

Photoactive Electronics



Network Types Vary with
Metal-Ligand Ratio

Example: Cul networks with tetrahydrothiophene (THT)
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Thermal Analysis

Percent mass loss determined using thermogravimetry (TGA),
which is a microbalance in a furnace. In this case all final masses
after THT loss closely match the theoretical mass value for Cul
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TGA Results for Cul-THT Powders
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X-Ray Crystallography

-

Structure determination technique

in which atom

locations are determined through diffraction of X-rays
from repeating atom layers in a crystal

~

How X-ray crystallography reveals hidden st

\
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photon

Electron

~ cloud

X-ray photon
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How do you make X-rays?

Diffraction
Detvect of pattern

1. Abeam of X-rays is fired at a sample.

2. The substance to be studied has
been refined, purified and
concentrated until it forms a crystal.
In a crystal, the molecules are
organised into regular, repeating

units, which makes them easier to see

or an orderly qu
is then bombarded with X-rays.

3. X-rays are part of the
electromagnetic spectrum ({

g and so
are made up of packets of energy
called photons. Most of the X-ray
photons will pass straight through
the sample, but some will interact
with the electrons in the sample’s
atoms and be diffracted (c#

The negative electron is attract-
ed to the positively-charged
nucleus. As it passes it changes

Fire an electron at
a target made of
tungsten.

course and gains energy. It has
to get rid of this extra energy so
it emits an X-ray photon.

). The cry-slal

Electron gradient map
\ \

5. since those

spots were caused by
photons diffracted by
electrons, scientists can
create a gradient map that
particie ave) plots how electrons are

will be distributed in the sample.
cancelled out. The higher the concentration
The amplified rays will of electrons in any given
appear as spots on the area, the closer the lines will
detector, which build up to appear on the map.

create a pattern.

4, s the X-rays pass
through the crystal, their
waves interact (o e
with each othe

Spots: amplified Gaps: cancelled

A model of a
Penicillin
molecule set
against its
electron density
map on display
at the Science
Museum,
London

Alternatively, the incoming electron might
knock an electron from a low-energy orbit
into higher-energy orbit. To balance
things out, an electron must drop to the
lower orbit by getting rid of some energy
in the form of an X-ray photon.

6. From the electron density,
scientists can extrapolate the
position of atoms wi

how they are bonde

i era

can also work out what chemical
tom belongs to

umbery, the

7. By rotating the
sample and taking
images from different
angles, scientists can
build a picture of the
entire sample and
construct a
three-dimensional
model of the molecule’s
complete atomic
structure.



Our X-Ray Equipment:
Bruker Apex DUO




Network Materials as
Environmental Sensors

Copper(l) iodide produces a photoluminescence emission
response with sulfur and nitrogen compounds
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Copper |od|de structure

Copper iodide pyridine structure
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Copper iodide films coated on glass show fluorescence under black light
after exposure to air-borne chemicals such as pyridine
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i(1l1l1) Compounds In
Pollution Control

Photoreduction of Bismuth producesr als that can destroy organic molecules
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Charge Transfer in
Cuprate Salts

Pyridinium lodocuprates

R=H 4 * R=Me,
&. .7.&. o e oo o
d \.4‘ YW U g™
L o )
Purple = | ¢
zl' R=Ete % ¢ ¢ R=Pr._.
“|l ) ¢ yeu - o—Q- o & .-;o .\’/.‘: .‘3
7 (cuyll‘y]'-< L . v “‘H:— * . .’."' -
9 : ° Qh’».’ E ? . " .'.
PENECt ol R = Bu, Pn, Hx
1 & b b,

'5‘}’7}’

Pyridinium lodo/cyanocuprates

Electron-deficient pyridinium cation

Electron-rich iodocuprate(l) anion




Lanthanide “Antenna”
Complexes

Lanthanide ions are used as phosphors in LEDs
Enhancing their energy conversion would improve LED performance
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romatic rings in triphenylphosphine
oxide (PPh,O)ligand act as an
“antenna” absorbing photon energy
and transferring it to emissive f-orbitals
In lanthanide ions via ligand-to-metal
\_ charge transfer (LMCT) )
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Contact Information

g Prof. Robert D. Pike h

Office ISC 2043  rdpike@wm.edu
L Lab ISC 2027 757-221-2555
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