Abbreviations:

ALTADENA adiabatic longitudinal transport after dissociation engenders net

BCP
BRAIN
CAVERN

CF

CP
CPMG
CSA
D-HMQC

DME
DNP
DOR
FSFT
GC
HETCOR
HMQC
HOMO
HP
HPDEC
HTHP
J-HMQC

LUMO
MAS
MDA
MOF
MQMAS
MTBE
MTHC

alignment ([11], “method 427)

BRAIN-CP/WURST-CPMG experiment ([43], “method 23”)
broadband adiabatic inversion ([2], “method 23”)
cryogenic adsorption vessel enabling rotor nestling ([12], “method 357,
sample tube system 5, via link “In Situ Solid-State NMR Techniques )
continuous flow ([13, 14], “method 417)

cross polarization ([15], “methods 5, 13”)

Carr-Purcell-Meiboom-Gill ([43], “method 23")

chemical shift anisotropy ([42], “method 23”)

dipolar mediated heteronuclear multiple quantum coherence ([5],
“method 177)

dimethyl ether ([16], “method 417)

dynamic nuclear polarization ([1, 40], “method 23”)

double-rotation or double oriented rotation ([8], “method 10”)

field sweep Fourier transform ([9], “method 22”)

gas-chromatograph or gas-chromatography ([17], “method 417)
heteronuclear chemical shift correlation ([22], “method 8”)
heteronuclear multiple quantum coherence ([5], “method 177)
highest occupied molecular orbital ([24, 25], “method 31”)
hyperpolarization or hyperpolarized ([26], “method 197)

high-power decoupling ([20], “methods 5, 13”)

high temperature high pressure ([21], “method 35”)

J-resolved heteronuclear multiple quantum coherence ([41], “method
23%)

lowest unoccupied molecular orbital ([24, 25], “method 317)

magic angle spinning ([19], e.g. “method 1”)

methane dehydroaromatization ([37], “method 17”)

metal-organic framework ([44], “method 5”)

multiple-quantum MAS ([7], “methods 7, 9, 10, 11, 16”)

methyl tert-butyl ether ([27], “method 40”)

methanol-to-hydrocarbon ([28], “method 417)
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MTO
MTP
NHC
ORIACT

PA
PA
PASADENA

PHIP
PT
QCPMG
REDOR
SATRAS
SDA
SEDOR
SEHS
SEIS
SENS
SMSI
SOQE
TMPO
TRAPDOR
UV/Vis
VOCS
VTMAS
WISE
WURST

methanol-to-olefin ([28], “method 417)

methanol-to-propene ([29], “method 417)

N-heterocyclic carbine ([41], “method 23”)

off-resonance rotation-induced adiabatic coherence transfer
([6], “method 9”)

proton affinity ([30], “method 11”)

polarizing agent ([40], “method 23")

parahydrogen and synthesis allow dramatically enhanced nuclear
alignment ([11], “method 427)

parahydrogen-induced polarization ([31], “method 42”)
population transfer ([5], “method 177)

quadrupolar Carr-Purcell-Meiboom-Gill ([4], “method 177)
rotational-echo double resonance ([10])

satellite transition spectroscopy ([32], “method 20”)
structure-directing agent ([33], “method 8”)

spin echo double resonance ([39], “method 227)

spin echo height spectroscopy ([9], “method 227)

spin echo integration spectroscopy ([9], “method 22”)
surface enhanced NMR spectroscopy ([1], “method 23”)
strong metal-support interaction ([38], “method 22”)

second order quadrupolar effect ([34], “method 107)
trimethylphosphine oxide ([35], “methods 28, 317)

transfer of population in double resonance ([10])

ultraviolet visible ([18], “method 417)

variable offset cumulative frequency stepping ([9], “method 22”)
variable-temperature MAS ([36], “method 20”)

wide-line separation ([23], “method 8”)

wideband uniform-rate smooth truncation ([3], “method 177”)

https://michael-hunger.de



References:

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

A. Venkatesh, A. Lund, L. Rochlitz, R. Jabbour, C.P. Gordon, G. Menzildjian,
J. Viger-Gravel, P. Berruyer, D. Gajan, C. Copéret, A. Lesage, A.J. Rossini,
The structure of molecular and surface platinum sites determined by DNP-
SENS and fast MAS **°Pt solid-state NMR spectroscopy, J. Am. Chem. Soc.
142 (2020) 18936-18945, DOI: 10.1021/jacs.0c09101.

K.J. Harris, A. Lupulescu, B.E.G. Lucier, L. Frydman, R.W. Schurko,
Broadband adiabatic inversion pulses for cross polarization in wideline solid-
state NMR spectroscopy, J. Magn. Reson. 224 (2012) 38-47, DOI:
10.1016/j.jmr.2012.08.015.

L.A. O’Dell, R.W. Schurko, QCPMG using adiabatic pulses for faster
acquisition of ultra-wideline NMR spectra, Chem. Phys. Lett. 464 (2008) 97-
102, DOI: 10.1016/j.cplett.2008.08.095.

I. Hung, Z. Gan, On the practical aspects of recording wideline QCPMG NMR
spectra, J. Magn. Reson. 204 (2010) 256-265, DOI:
10.1016/j.jmr.2010.03.001.

Q. Wang, Y. Li, J. Trebosc, O. Lafon, J. Xu, B. Hu, N. Feng, Q. Chen, J.P.
Amoureux, F. Deng, Population transfer HMQC for half-integer quadrupolar
nuclei, J. Chem. Phys. 142(9) (2015) 094201, DOI: 10.1063/1.4913683.

S. Caldarelli, F. Ziarelli, Spectral editing of solid-state MAS NMR spectra of
half-integer quadrupolar nuclei, J. Am. Chem. Soc. 122 (2000) 12015-12016,
DOI: 10.1021/ja0029127.

J. Rocha, C.M. Morais, C. Fernandez, Progress in multiple-quantum magic
angle spinning NMR spectroscopy, in: J. Klinowski (Ed.), Topics in Current
Chemistry, New Techniques in Solid-State NMR, Vol. 246, Springer, Berlin,
2005, p. 141-194, DOI: 10.1007/b98650.

A. Samoson, E. Lippmaa, A. Pines, High resolution solid-state N.M.R.,
averaging of second-order effects by means of a double-rotor, Mol. Phys.

65 (1988) 1013-1018, DOI: 10.1080/00268978800101571.

G.J. Rees, S.T. Orr, L.O. Barrett, J.M. Fisher, J. Houghton, G.H. Spikes,
B.R.C. Theobald, D. Thompsett, M.E. Smith, J.V. Hanna, Characterisation of
platinum-based fuel cell catalyst materials using ***Pt wideline solid state
NMR, Phys. Chem. Chem. Phys. 15 (2013) 17195-17207, DOI:
10.1039/c3cp522684.

G.R. Marshall, D.D. Beusei, K. Kociolek, A.S. Redlinski, J. Miroslaw, T.
Leplawy, Y. Pan, J. Schaefer, Determination of a precise interatomic distance
in a helical peptide by REDOR NMR, J. Am. Chem. Soc. 112 (1990) 963-966,
DOI: 10.1021/ja00159a009.

https://michael-hunger.de


https://pubs.acs.org/doi/10.1021/jacs.0c09101
https://www.sciencedirect.com/science/article/pii/S109078071200290X?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0009261408012001
https://www.sciencedirect.com/science/article/abs/pii/S1090780710000571
https://pubs.aip.org/aip/jcp/article-abstract/142/9/094201/940668/Population-transfer-HMQC-for-half-integer
https://pubs.acs.org/doi/10.1021/ja0029127
https://link.springer.com/chapter/10.1007/b98650
https://www.tandfonline.com/doi/abs/10.1080/00268978800101571
https://pubs.rsc.org/en/content/articlelanding/2013/cp/c3cp52268g
https://pubs.acs.org/doi/abs/10.1021/ja00159a009

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

J. Natterer, J. Bargon, Parahydrogen induced polarization, Prog. Nucl. Magn.
Reson. Spectrosc. 31 (1997) 293-315, DOI: 10.1016/S0079-6565(97)00007-1.
J.F. Haw, B.R. Richardson, I.S. Oshiro, N.D. Lazo, J.A. Speed, Reactions of
propene on zeolite HY catalyst studied by in situ variable temperature solid-

state nuclear magnetic resonance spectroscopy, J. Am. Chem. Soc. 111
(1989) 2052-2058, DOI: 10.1021/ja00188a016.

M. Hunger, In situ flow MAS NMR spectroscopy: State of the art and
applications in heterogeneous catalysis, Prog. Nucl. Magn. Reson. Spectrosc.
53 (2008) 105-127, DOI: 10.1016/j.pnmrs.2007.08.001.

M. Hunger, M. Seiler, A. Buchholz, In situ MAS NMR spectroscopic
investigation of the conversion of methanol to olefins on
silicoaluminophosphates SAPO-34 and SAPO-18 under continuous flow
conditions, Catal. Lett. 74 (2001) 61-68, DOI: 10.1023/A:1016687014695.
C.S. Yannoni, High-resolution NMR in solids: The CPMAS experiment, Acc.
Chem. Res. 15 (1982) 201-208, DOI: 10.1021/ar00079a003.

M. Stoeker, Methanol-to-hydrocarbons: catalytic materials and their behavior,
Microporous Mesoporous Mater. 29 (1999) 3-48, DOI: 10.1016/S1387-
1811(98)00319-9.

F. van de Craats, Application of vapour phase chromatography in the gas-
analytical field, Analytica Chimica Acta, 14(2) (1956) 136-149, DOI:
10.1016/0003-2670(56)80140-2.

P. Morozzi, S. Nava, B. Ballarin, S. Arcozzi, P.J. Gomez-Cascales, E. Brattich,
J.A.G. Orza, F. Lucarelli, L. Tositti, Ultraviolet-Visible diffuse Reflectance
Spectroscopy (UV-Vis DRS), a rapid and non-destructive analytical tool for the
identification of Saharan dust events in particulate matter filters, Atmospheric
Environment 252 (2021) 118297, DOI: 10.1016/j.atmosenv.2021.118297.
J.W. Hennel, J. Klinowski, Magic-angle spinning: A historical perspective,
Topics in Current Chemistry 246 (2004) 1-14, DOI: 10.1007/b98646.

A.E. Bennet, C.M. Rienstra, M. Auger, K.V. Lakshmi, R.G. Giriffin,
Heteronuclear decoupling in rotating solids, J. Chem. Phys. 103 (1995) 6951-
6958, DOI: 10.1063/1.470372.

Z. Zhao, S. Xu, M. Y. Hu, X. Bao, J. Z. Hu, In situ high temperature high
pressure MAS NMR study on the crystallization of AIPO4-5, J. Phys. Chem. C
120 (2016) 1701-1708, DOI: 10.1021/acs.jpcc.5b11294.

Z.Yan, Y.-Q. Ye, R. Zhang , 2D HETCOR solid-state NMR spectroscopy for
multiphase materials with mobility contrast, J. Phys. Chem. C 126 (2022)
13311-13318, DOI: 10.1021/acs.jpcc.2c03798.

https://michael-hunger.de


https://www.sciencedirect.com/science/article/abs/pii/S0079656597000071
https://pubs.acs.org/doi/10.1021/ja00188a016
https://www.sciencedirect.com/science/article/abs/pii/S0079656507000659
https://link.springer.com/article/10.1023/A:1016687014695
https://pubs.acs.org/doi/abs/10.1021/ar00079a003
https://www.sciencedirect.com/science/article/abs/pii/S1387181198003199
https://www.sciencedirect.com/science/article/abs/pii/S1387181198003199
https://www.sciencedirect.com/science/article/pii/0003267056801402?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1352231021001151?via%3Dihub
https://link.springer.com/chapter/10.1007/b98646
https://pubs.aip.org/aip/jcp/article/103/16/6951/479911/Heteronuclear-decoupling-in-rotating-solids
https://pubs.acs.org/doi/10.1021/acs.jpcc.5b11294
https://pubs.acs.org/doi/10.1021/acs.jpcc.2c03798

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

L. Fischer, A,V. Harle, S. Kasztelan, J.B. d'Espinose de la Caillerie,
Identification of fluorine sites at the surface of fluorinated gamma-alumina by
two-dimensional MAS NMR, Solid State Nucl. Magn. Reson. 16 (2000) 85-91,
DOI: 10.1016/S0926-2040(00)00058-8.

J.S. Griffith, L.E. Orgel, Ligand-field theory, Quarterly Rev., Chem. Soc., 11(4)
(1957) 381-393, DOI: 10.1039/QR9571100381.

J.-L. Bredas, Mind the gap!, Mater. Horiz. 1 (2014) 17-19, DOI:
10.1039/c3mh00098B.

A. Nossov, F. Guenneau, M.-A. Springuel-Huet, E. Haddad, V. Montouillout, B.
Knott, F. Engelke, C. Fernandez, A. Gedeon, Continuous flow hyperpolarized
129%e-MAS NMR studies of microporous materials, Phys. Chem. Chem. Phys.
5 (2003) 4479-4483, DOI: 10.1039/B305793N.

B. Schleppinghoff, M. Becker, patent EP0082316B1, Process for the
production of methyl tert-butyl ether (MTBE) and of hydrocarbon raffinates
extensively delivered from i-butene and methanol and apparatus thereto,
03.07.1985, EC Erdoelchemie GmbH, Germany.

M. Stoeker, Methanol-to-hydrocarbons: catalytic materials and their behavior,
Microporous Mesoporous Mater. 29 (1999) 3—-48, DOI: 10.1016/S1387-
1811(98)00319-9.

W. Wu, W. Guo, W. Xiao, M. Luo, Dominant reaction pathway for methanol
conversion to propene over high silicon H-ZSM-5, Chem. Eng. Sci. 66 (2011)
4722-4732, DOI: 10.1016/j.ces.2011.06.036.

S.G. Lias. J.F. Liebman, R.D. Levin, Evaluated gas phase basicities and
proton affinities of molecules; Heats of formation of protonated molecules
available, J. Phys. Chem. Ref. Data 13 (1984) 695-808, DOI:
10.1063/1.555719.

J. Natterer, J. Bargon, Parahydrogen induced polarization, Prog. Nucl. Magn.
Reson. Spectrosc. 31 (1997) 293-315, DOI: 10.1016/S0079-6565(97)00007-1.
C. Jaeger, W. Mueller-Warmuth, C. Mundus, L. van Wuellen, 2’ Al MAS-NMR
spectroscopy of glasses: New facilities by application of 'SATRAS', J. Non-
Cryst. Solids 149 (1992) 209-217, DOI: 10.1016/0022-3093(92)90069-V.
H.-X. Li, M.A. Camblor, M.E. Davis, Synthesis of zeolites using organosilicon
compounds as structure-directing agents, Microporous Mater. 3 (1994) 117-
121, DOI: 10.1016/0927-6513(94)00013-1.

J. Rocha, C.M. Morais, C. Fernandez, Progress in multiple-quantum magic
angle spinning NMR spectroscopy, in: J. Klinowski (Ed.), Topics in Current
Chemistry, New Techniques in Solid-State NMR, Vol. 246, Springer, Berlin,
2005, p. 141-194, DOI: 10.1007/b98650.

https://michael-hunger.de


https://www.sciencedirect.com/science/article/abs/pii/S0926204000000588
https://pubs.rsc.org/en/content/articlelanding/1957/qr/qr9571100381
https://pubs.rsc.org/en/content/articlelanding/2014/mh/c3mh00098b
https://pubs.rsc.org/en/content/articlelanding/2003/cp/b305793n
https://patents.google.com/patent/EP0082316A1/en
https://www.sciencedirect.com/science/article/abs/pii/S1387181198003199
https://www.sciencedirect.com/science/article/abs/pii/S1387181198003199
https://www.sciencedirect.com/science/article/pii/S0009250911004131?via%3Dihub
https://pubs.aip.org/aip/jpr/article/13/3/695/241278/Evaluated-Gas-Phase-Basicities-and-Proton
https://www.sciencedirect.com/science/article/abs/pii/S0079656597000071
https://www.sciencedirect.com/science/article/pii/002230939290069V?via%3Dihub
https://www.sciencedirect.com/science/article/pii/0927651394000131?via%3Dihub
https://link.springer.com/chapter/10.1007/b98650

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

M.D. Karra, K.J. Sutovich, K.T. Mueller, NMR characterization of Broensted
acid sites in faujasitic zeolites with use of perdeuterated trimethylphosphine
oxide, J. Am. Chem. Soc. 124 (2002) 902-903, DOI: 10.1021/ja017172w.

J. Rocha, W. Kolodziejski, H. He, J. Klinowski, Solid-state NMR studies of
hydrated porous aluminophosphate VPI-5, J. Am. Chem. Soc. 114 (1992)
4884-4888, DOI: 10.1021/ja00038a064.

W. Gao, G. Qi, Q. Wang, W. Wang, S. Li, I. Hung, Z. Gan, J. Xu, F. Deng,
Dual active sites on molybdenum/ZSM-5 catalyst for methane
dehydroaromatization: Insights from solid-state NMR spectroscopy, Angew.
Chem. Int. Ed. 60 (2021) 10709-10715, DOI: 10.1002/anie.202017074.

S.J. Tauster, S.C. Fung, R.L. Garten, Strong metal-support interactions. Group
8 noble metals supported on titanium dioxide, J. Am. Chem. Soc. 100 (1978)
170-175, DOI: 10.1021/ja00469a029.

E.R.H. van Eck, W.S. Veeman, The determination of the average *’Al -*'P
distance in aluminophosphate molecular sieves with SEDOR NMR, Solid State
Nucl. Magn. Reson. 1 (1992) 1-4, DOI: 10.1016/0926-2040(92)90003-R.
A.G.M. Rankin, J. Trebosc, F. Pourpoint, J.-P. Amoureuxa, O. Lafon, Recent
developments in MAS DNP-NMR of materials, Solid State Nucl. Magn. Reson.
101 (2019) 116-143, DOI: 10.1016/j.ssnmr.2019.05.009.

Z. Wang, L.A. Voelker, T.C. Robinson, N. Kaeffer, G. Menzildjian,

R. Jabbour, A. Venkatesh, D. Gajan, A.J. Rossini, C. Copéret, A. Lesage,
Speciation and structures in Pt surface sites stabilized by N-heterocyclic

carbene ligands revealed by dynamic nuclear polarization enhanced indirectly
detected 1Pt NMR spectroscopic signatures and fingerprint analysis, J. Am.
Chem. Soc. 144 (2022) 21530-21543, DOI: 10.1021/jacs.2c08300.

J.C. Facelli, Chemical shift tensors: Theory and application to molecular

structural problems, Prog. Nucl. Magn. Reson. Spectrosc. 58 (2010) 176-201,
DOI: 10.1016/j.pnmrs.2010.10.003.

T. Kobayashi, F.A. Perras, T. Wei Goh, T.L. Metz, W. Huang, M. Pruski, DNP-
enhanced ultrawideline solid-state NMR spectroscopy: Studies of platinum in
metal-organic frameworks, J. Phys. Chem. Lett. 7 (2016) 2322-2327, DOI:
10.1021/acs.jpclett.6b00860.

Q.-R. Fang, D.-Q. Yuan, J. Sculley, J.-R. Li, Z.-B. Han, H.-C. Zhou, Functional
mesoporous metal-organic frameworks for the capture of heavy metal ions and
size-selective catalysis, Inorg. Chem. 49 (2010) 11637-11642, DOI:
10.1021/ic101935f.

https://michael-hunger.de


https://pubs.acs.org/doi/10.1021/ja017172w
https://pubs.acs.org/doi/abs/10.1021/ja00038a064
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202017074
https://pubs.acs.org/doi/abs/10.1021/ja00469a029
https://www.sciencedirect.com/science/article/pii/092620409290003R?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S092620401930030X
https://pubs.acs.org/doi/10.1021/jacs.2c08300
https://www.sciencedirect.com/science/article/pii/S007965651000110X?via%3Dihub
https://pubs.acs.org/doi/10.1021/acs.jpclett.6b00860
https://pubs.acs.org/doi/10.1021/ic101935f

