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Functional MRI



Parahydrogen-Induced 

Polarization (PHIP)

Mechanistic in situ investigation of heterogeneous hydrogenation over Rh/TiO2 catalysts: selectivity, pairwise route and catalyst nature
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Low sensitivity problem

Parahydrogen Hydrogenation reaction:

hydrogenation with n-Н2

hydrogenation with p-Н2
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MRI with using PHIP



Effect of the antiphase signal on the MRI

10% С2H5OH + D2O
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Conclusions:
• it was shown the necessity of converting the antiphase signal of PHIP 

experiments in a strong magnetic field into an in-phase form in MRI experiments 
for the most effective use of the high signal intensity obtained due to 
hyperpolarization for visualizing the products of the heterogeneous 
hydrogenation reaction in the gas phase;

• it was first time demonstrated that the combined use of the PHIP method in a 
strong magnetic field and a pulse sequence that converts an antiphase NMR 
signal into an in-phase one makes it possible to visualize the position of 
heterogeneous catalyst granules inside a model reactor in a gas-phase 
hydrogenation reaction by MRI.
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Thank you for your attention!



Additional slides
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Hyperpolarization techniques
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𝑁𝛼 − 𝑁𝛽𝑁𝛼 + 𝑁𝛽 ≈ 10−4 − 10−5
Thermally equilibrium population:

Spin-Exchange Optical 

Pumping (SEOP) 
Dynamic Nuclear 

Polarization (DNP)

Signal Amplification By 

Reversible Exchange

(SABRE)

• Complex and expensive 

equipment

• Low reactivity of 

hyperpolarized gases

• Complex and 

expensive equipment

• The need to 

introduce a 

paramagnetic 

substance into the 

sample

• No change structure 

of matter

• Polarization transfer from 

parahydrogen nuclei to 

during catalytic 

hydrogenation

• Doesn't require 

complicated and 

expensive equipment

Parahydrogen Induced 

Polarization (PHIP)





Parahydrogen
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Triplet state  orthohydrogen

Singlet state  parahydrogen

• low temperature 77K  50% ortho : 50% para
• a suitable catalyst (FeOOH , charcoal..)
• Can be stored at RT without back conversion for a long time

Normal hydrogen: 75% ortho-H2 : 25% para-H2

Parahydrogen enrichment
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𝑁𝑜𝑟𝑡ℎ𝑜(𝑇)𝑁𝑝𝑎𝑟𝑎(𝑇) = 3σ𝑗=1,3,…(2𝑗 + 1)𝑒−𝑗 𝑗+1 𝜃𝑟𝑜𝑡/𝑇1σ𝑗=0,2,…(2𝑗 + 1)𝑒−𝑗 𝑗+1 𝜃𝑟𝑜𝑡/𝑇 ,





3D MRI of hyperpolarization propane
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Dependence of the SNR on the layer number of 

the 3D MR image
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