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Nuclear spin isomers of symmetric molecules
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CH, C,H, NH; CH,OH
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The Pauli principle (for Fermions):
Y (Ha,Hb) = -¥ (Hb,Ha)



Cryogenic spin isomer enrichment (for H,

para ortho and Dz)
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Cryogenic spin isomer enrichment (for H,

para ortho and D

4

— -H> H
goo_% - £ p-H2 H2 o~
O x21 .
—" J=3, I =1 " 80 -
600 LU | S
H-H Nl =
400- | 40-
x5 Q
J=2, =0
20+ :
200- 77K
J=1!I=1 9 T T llll:lll T ™T >
AE » 171 KK X 10 20 40 100 200 400
0l 2eeee xly Temperature (K)

J=0, I =0



4

800+

600-

400+

200+

Cryogenic spin isomer enrichment (for H,

Pure para-H,:

para ortho and Dz)
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Selective semihydrogenation of alkynes with H,
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Hydrogenation with n-H, and w:th p-H2
R/CH CHo +pH2MR /C C\H
H
Non-pairwise H, addition mp ZHMR____~_
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NMR signal enhancement JL
by a factor of 104 and even more!
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PHIP-X (X is for exchange)
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PHIP-X polarization of heteronuclei
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Hydrogenation
In Earth’s field
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High-field NMR of homogeneous hydrogenations with H,
H
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Zero-field NMR for monitoring catalytic processes
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HE T-PHIP monometallic vs. bimetallic catalysts
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HE T -PHIP of dieth yI ether, an inhalable contrast agent
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PH-INEPT: '3C hyperpolarization of gases
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The Horiuti-Polanyi mechanism

Non-pairwise !



Mechanisms of heterogeneous hydrogenations
M. Garcia-Melchor, L. Bellarosa, N. Lopez, ACS Catal. 4, (2015) 4015
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Mechanisms of heterogeneous hydrogenations
M. Garcia-Melchor, L. Bellarosa, N. Lopez, ACS Catal. 4, (2015) 4015
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Cryogenic spin isomer enrichment (for H,
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PHIP in acetylene oligomerization over supported Pd
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PHIP in homogeneous acetylene hydrogenation
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Hyperpolarization based on spin isomers of ethylene
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