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Modern Materials Science Needs New 
Tools for Structure Determination 
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Real Materials – Apple Displays 

http://www.apple.com/ipad-pro/design/ 

Patent 
“Embodiments described herein may provide an oxide thin-film transistor 
(TFT) … the semiconductor layer may include or incorporate other 
materials, for example, zinc oxide (ZnO), indium oxide (InO), gallium oxide 
(GaO), tin oxide (SnO2), indium gallium oxide (IGO), indium zinc oxide 
(IZO), zinc tin oxide (ZTO), and indium zinc tin oxide (IZTO) among others.” 

Oxide TFT 
“..we took cues from the groundbreaking oxide thin film 
transistor …” 
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A TALE OF TWO MATERIALS: A CASE STUDY 
IN QUADRUPOLAR NMR 
 
(REAL MATERIALS) 
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(71Ga MAS, 21T Ga13 ) 

Ma, Z.L. et al. “Solid State 69Ga and 71Ga NMR study of the nanoscale inorganic cluster [Ga13(μ3-OH)6(μ2-
OH)18(H2O)24](NO3)15” Chem. Mater. 2014, 26, 4978-4983. 

Solid-state NMR [Ga13(μ3-OH)6(μ2-OH)18(H2O)24](NO3)15   “Ga13” 
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Wasylishen, R.; Ashbrook, S.; Wimperis, S. NMR of Quadrupolar Nuclei in Solid Materials 
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Quadrupolar Nuclei 
central transition lineshapes under MAS 

Wasylishen, R. E., Ashbrook, S. E., Wimperis, S., Eds. NMR of quadrupolar nuclei in solid materials; Wiley, 2012.  

~ CQ 

Quadrupole Coupling Constant: 
 

eQ = nuclear quadrupolar moment 
 

Vzz = largest principle component of EFG 
 

CQ =
(e2qQ)

h
=
eQ(VZZ )

h
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ηq = 0.0 

ηq = 1.0 

Hz 

Quadrupolar Nuclei 
central transition lineshapes under MAS 

Wasylishen, R. E., Ashbrook, S. E., Wimperis, S., Eds. NMR of quadrupolar nuclei in solid materials; Wiley, 2012.  

Quadrupole Parameter: 
 

ηq = (Vxx-Vyy)/Vzz          0 < ηq < 1 
 

|Vzz| ≥ |Vyy|≥ |Vxx| 
 

Vxx + Vyy + Vzz = 0 
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Why is field dependence important? 

Wasylishen, R.; Ashbrook, S.; Wimperis, S. NMR of Quadrupolar Nuclei in Solid Materials 
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(71Ga MAS, 21T Ga13 ) 

Ma, Z.L. et al. “Solid State 69Ga and 71Ga NMR study of the nanoscale inorganic cluster [Ga13(μ3-OH)6(μ2-
OH)18(H2O)24](NO3)15” Chem. Mater. 2014, 26, 4978-4983. 

Solid-state NMR [Ga13(μ3-OH)6(μ2-OH)18(H2O)24](NO3)15   “Ga13” 
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71Ga NMR - Ga13 Field Dependence 
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• EFG can be calculated based on a 3-D structure (the grey 
ellipsoid) 

Can First Principles Calculations Help? 
Electric Field Gradients (CASTEP, Quantum Espresso, 

VASP) 
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(71Ga MAS, 21.1T)  

Ga13 NMR Model [Ga13(μ3-OH)6(μ2-OH)18(H2O)24](NO3)15   “Ga13” 

Ma, Z.L. et al. “Solid State 69Ga and 71Ga NMR study of the nanoscale inorganic cluster [Ga13(μ3-OH)6(μ2-
OH)18(H2O)24](NO3)15” Chem. Mater. 2014, 26, 4978-4983. 

(a)	 (b)	

(c)	 (d)	 (e)	

core	 middle ring	 outer ring	

(a)	 (b)	

(c)	 (d)	 (e)	

core	 middle ring	 outer ring	



  17 

(71Ga MAS, 21.1T)  

Ma, Z.L. et al. “Solid State 69Ga and 71Ga NMR study of the nanoscale inorganic cluster [Ga13(μ3-OH)6(μ2-
OH)18(H2O)24](NO3)15” Chem. Mater. 2014, 26, 4978-4983. 

Ga13 NMR Model [Ga13(μ3-OH)6(μ2-OH)18(H2O)24](NO3)15   “Ga13” 
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71Ga NMR  Ga13  
Field Dependence 
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Periodic Table of Low γ Nuclei 

Low γ 

https://www2.warwick.ac.uk/fac/sci/physics/research/condensedmatt/nmr/research/methodologydevelopment/ 

High γ 
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Newly – accessible spin ½ nuclei 
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Quadrupolar Periodic Table 

http://www.grandinetti.org/Research/NMR 
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Newly-Accessible 

Quadrupolar Nuclei 

@ 1 GHz 

Isotope Symbol Name Spin 
Natural 
Abund. % 

Receptivit
y (rel. to 
13C) 

Magnetic 
Moment 

Gamma 
(x10^7 
rad/Ts) 

Quadr. 
Moment 
(Q/fm^2) 

Frequency 
(MHz) 

191 Ir Iridium 3/2 37.3 0.06412 0.1946 0.4812 81.6 17.18 

197 Au Gold 3/2 100 0.16294 0.19127 0.47306 54.7 17.29 

235 U Uranium 7/2 0.72 --- -0.43 -0.52 493.6 18.414 

193 Ir Iridium 3/2 62.7 0.13765 0.2113 0.5227 75.1 18.71 

179 Hf Hafnium 9/2 13.62 0.43824 -0.7085 -0.6821 379.3 25.17 

41 K Potassium 3/2 6.7302 0.03341 0.2774 0.68607 7.11 25.613 

167 Er Erbium 7/2 22.93 --- -0.63935 -0.77157 356.5 28.8 

155 Gd Gadolinium 3/2 14.8 --- -0.33208 -0.82132 127 30.7 

145 Nd Neodymium 7/2 8.3 --- -0.744 -0.898 -33 33.6 

161 Dy Dysprosium 5/2 18.91 --- -0.5683 -0.9201 250.7 34.4 

149 Sm Samarium 7/2 13.82 --- -0.7616 -0.9192 7.4 34.4 

73 Ge Germanium 9/2 7.73 0.64118 -0.97229 -0.93603 -19.6 34.883 

83 Kr Krypton 9/2 11.49 1.28235 -1.07311 -1.0331 25.9 38.476 

177 Hf Hafnium 7/2 18.6 1.53529 0.8997 1.086 336.5 40.07 

157 Gd Gadolinium 3/2 15.65 --- -0.4354 -1.0769 135 40.3 

147 Sm Samarium 7/2 14.99 --- -0.9239 -1.115 -25.9 41.7 

87 Sr Strontium 9/2 7 1.11765 -1.20902 -1.16394 33.5 43.338 

105 Pd Palladium 5/2 22.33 1.48824 -0.76 -1.23 66 45.761 

99 Ru Ruthenium 5/2 12.76 0.84706 -0.7588 -1.229 7.9 46.052 

39 K Potassium 3/2 93.2581 2.8 0.50543 1.25006 5.85 46.664 

163 Dy Dysprosium 5/2 24.9 --- 0.7958 1.289 264.8 48.2 

173 Yb Ytterbium 5/2 16.13 --- -0.80446 -1.3025 280 48.21 

101 Ru Ruthenium 5/2 17.06 1.59412 -0.8505 -1.377 45.7 51.614 

143 Nd Neodymium 7/2 12.2 --- -1.208 -1.457 -63 54.5 

47 Ti Titanium 5/2 7.44 0.91765 -0.93294 -1.5105 30.2 56.375 

49 Ti Titanium 7/2 5.41 1.20588 -1.25201 -1.51095 24.7 56.39 

53 Cr Chromium 3/2 9.501 0.50765 -0.61263 -1.5152 -15 56.525 

40 K Potassium 4 0.0117 0.0036 -1.45132 -1.55429 -7.3 58.02 

25 Mg Magnesium 5/2 10 1.57647 -1.0122 -1.63887 19.94 61.216 

67 Zn Zinc 5/2 4.1 0.69412 1.03556 1.67669 15 62.568 

95 Mo Molybdenium 5/2 15.92 3.06471 -1.082 -1.751 -2.2 65.169 

201 Hg Mercury 3/2 13.18 1.15882 -0.72325 -1.78877 38.6 66.116 

97 Mo Molybdenium 5/2 9.55 1.95882 -1.105 -1.788 25.5 66.537 

43 Ca Calcium 7/2 0.135 0.05106 -1.49407 -1.80307 -4.08 67.3 

14 N Nitrogen 1 99.632 5.88235 0.571 1.93378 2.044 72.263 

33 S Sulfur 3/2 0.76 0.10118 0.83117 2.05568 -6.78 76.76 

189 Os Osmium 3/2 16.15 2.32353 0.85197 2.10713 85.6 77.654 

21 Ne Neon 3/2 0.27 0.03912 -0.85438 -2.11308 10.155 78.943 

176 Lu Lutetium 7 2.59 --- 3.388 2.1684 497 81.31 

37 Cl Chlorine 3/2 24.22 3.87647 0.8832 2.18437 -6.435 81.557 

131 Xe Xenon 3/2 21.18 3.50588 0.89319 2.20908 -11.4 82.439 

61 Ni Nickel 3/2 1.1399 0.24059 -0.96827 -2.3948 16.2 89.361 

91 Zr Zirconium 5/2 11.22 6.29412 -1.54246 -2.49743 -17.6 92.963 

85 Rb Rubidium 5/2 72.17 45.11765 1.60131 2.59271 27.6 96.549 

www.nyu.edu/cgi-bin/cgiwrap/aj39/NMRmap.cgi 
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Low-γ Quadrupolar Periodic Table (Living Systems) 
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Low-γ Quadrupolar Periodic Table (Materials) 
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Low-γ Quadrupolar Periodic Table 

Let’s imagine … what could be next?  
 

What can we study tomorrow that we can’t do today? 
 


