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Introduction
Nuclear Magnetic Resonance (NMR) is a useful and widely used
phenomenon involving the absorption of radiowaves by nuclei in a
magnetic field . However, it often suffers from low intrinsic sensitivity.
This issue can be resolved through Para-Hydrogen Induced
Polarization, or PHIP. PHIP can greatly enhance NMR signals by up to
five orders of magnitude, which extends the utility of the technique [1].
Normal hydrogen consists of two spin isomers: parahydrogen
and orthohydrogen. Parahydrogen enrichement is achieved by cooling
in liquid nitrogen (77 K) in the presence of a paramagnetic high surface
area solid. Parahydrogen itself does not have an NMR signal, but
when used in a hydrogenation reaction, the protons end up in
magnetically inequivalent spin-coupled states, which leads to amplified
NMR signals. The H atoms add in a pair-wise fashion to the substrate,
yielding a hyperpolarized product, which is delivered to the NMR probe
for detection [3]. We studied hydrogenation of propene to propane
using different sized Iridium particles supported on alumina. NMR
signal enhancement provided by PHIP is influenced by the size of the
supported Ir particles [4], and the focus of this study was to investigate
the influence of temperature and particle size on PHIP .

Catalyst Preparation

Results

The Ir/Al2O3 catalyst was prepared using the Precipitation method [2]. This
method uses a base to precipitate the mixed hydroxide, which is then
filtered and calcined. Calcination is the heat treatment of a catalyst. It
“fixes” the metal particles to the support as well as remove any volatile
substances on the catalyst. Calcinating at different temperatures leads to
different particle sizes.

Bruker Topspin software was used to integrate the CH2 and CH3
NMR peaks of propane resulting from hydrogenation using paraH2 and normal H2. The enhancement is calculated from ratio of
these peak integrals.

Fig.4. Temperature dependence of signal enhancement.

Experimental Setup
The experimental setup consists of three mass flow controllers (Alicat
Scientific, Inc.) to control the ratio of propylene, nitrogen, and hydrogen in
the reactant gas. There is also a valve that switches between normal
hydrogen and parahydrogen. The outputs of the flow controllers are
combined and connected to a U-tube which is surrounded by glass wool in
a temperature controlled oven. The bottom of the U-tube was loaded with
catalyst, and outlet sends the reaction mixture to the NMR probe of the
Bruker Avance 400MHz spectrometer for detection, shown below.

Fig.1 illustrates the preparation of the Ir catalyst. A mass of 2 grams of each
catalyst was prepared. The precursor is a compound that contains the metal
of interest, and the support is a high surface area oxide to which the metal is
affixed. We used H2IrCl6 as the precursor and Al2O3 as the support.

Fig. 5. NMR spectrum of propane formed with parahydrogen
(blue) and normal hydrogen (purple) using catalyst C.
Hydrogenation reaction with para-H2 yields strong enhanced
absorption and emission signals.

Measuring metal particle size
Metal dispersion and metal particle size can be determined by CO
chemisorption analysis [5]. The method involves titrating a certain amount
of adsorbent gas (i.e. CO), into a flow of inert gas (i.e. He), and letting this
gas be adsorbed onto the surface of the catalyst sample until the surface is
saturated. Then a thermal conductivity detector measures the amount of
unabsorbed titrating gas. These measurements were made using a
ChemBET-3000 instrument. The ‘TPRWin’ software was used to calculate
the dispersion and crystallite size from the pulsed CO titration data.

Name Composition

Calcination Dispersion Avg.
Temp
Crystallite
size

The 260.20Å, 147.56A, and 159.38A catalysts did not give any
PHIP signal enhancement, consistent with a previous study with Pt
particles [4]. This indicates that the hydrogenation does not occur
in a pairwise fashion on the larger particles where scrambling of
the surface H-atoms is more likely. However, products were still
formed on these catalysts, showing that the catalytic activity is
retained.
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A

0.5% Ir on Al2O3

450°C

Experimental Procedure

B

1% Ir on Al2O3

350°C

3.17%

260.30 Å

First the system is purged with nitrogen. We then activate the catalyst
by heating it at 350°C under streams of 300mL/min of N2 for 10
minutes, 100 mL/min of H2 for 30 minutes, and 300mL/ of N2 for 15
minutes. The reactor is then brought to room temperature for 1 hour.
The ratio of nitrogen to hydrogen to propylene flow was 7:2.5:0.5, for a
total flow rate of 400mL/min. Tests were run at intervals of 25°C, from
50°C to 250°C, for a total of 9 data points. At each temperature, an
NMR spectrum was acquired with 128 scans using a 16µs RF pulse
and a recycle delay of 2s.
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1% Ir on Al2O3

450°C

22.96%

35.92 Å
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D

2% Ir on Al2O3

450°C

5.60%

147.56 Å
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E

2% Ir on Al2O3

650°C

5.18%

159.38 Å

24.69%

33.43 Å
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Figure 2 Table of the catalysts prepared for experiment. Loading size of metal and
calcination temperature both influence particle size.:
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