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• Introduction to NMR  
 

• ST coherences in pairs of weakly coupled spins 
 

• ST coherences in pairs of near-equivalent spins 
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 ψ = 𝐶α α  + 𝐶β  β  Larmor frequency  
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M.H. Levitt, Spin dynamics: 
basics of nuclear magnetic  
resonance-2nd ed., (2008) 
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Boltzmann  
distribution 
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Decays with T2 transverse relaxation time 

M.H. Levitt, Spin dynamics : basics of nuclear magnetic resonance-2nd ed., (2008) 
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Chemical shift J-coupling 

Electrons interact with the B0  
and induce a field on a nuclear 

Nuclear spins interact  
indirectly via electrons 

M.H. Levitt, Spin dynamics : basics of nuclear magnetic resonance-2nd ed., (2008) 
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Zeeman levels 
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T1: relaxation of the  
triplet populations 
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Ts: relaxation of the  
singlet order 
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T2: relaxation of the  
triplet coherences 
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TIST: relaxation of the  
Inner singlet-triplet coherence 
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• Introduction to NMR  
 

• ST coherences in pairs of weakly coupled spins 
 

• ST coherences in pairs of near-equivalent spins 
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I z + S z I z - S z 
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I z + S z I z - S z I x - S x 
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𝐈 𝐱 - 𝐒 𝐱 
2π 𝐽 I ·S 

 Cos(𝝅 𝑱 t) {𝐈 𝐱 - 𝐒 𝐱} + Sin(π 𝐽 t) {2I y S z -2I z S y}  

Evolution under spin-locking RF-field 
results in new eigen-states:  
singlet and three triplet 
 
However these triplet states have 
the quantization axis parallel to the 
𝑥-axis of the rotating frame 
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• Introduction to NMR  
 

• Singlet – Triplet Coherences in pairs of weakly coupled spins 
 

• Singlet – Triplet Coherences in pairs of near-equivalent spins 
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• Hard pulse excites 10 times stronger coherences within triplet manifold 
 
• Detection further scales down the relative intensities  of the OST  
      transitions to the triplet ones by the same factor of 10  
 
• The common reason: the OST coherences are less efficiently coupled to the probe coil 
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Outer Singlet-Triplet 
Transitions 

(OST) 

Inner Singlet-Triplet 
Transitions 

(IST) 
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Comparison of different methods for excitation of the OST coherences 
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Shuttling setup for field-cycling 
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Shuttling setup for field-cycling 
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IST coherence in weak magnetic field 
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𝑻𝑰𝑺𝑻 = 𝟏𝟗𝟖 s, 𝑻𝟏 = 𝟖𝟑 s  

frequency = 54.141 Hz 
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very precise measurement of the spin-spin J-couplings allows 
extract the information about chemical environment  

Remarkably long lifetime of the inner singlet-
triplet coherence of about 200 s  

It opens the way to study molecules that are almost an order of magnitude  
larger than could be hitherto studied. 



J-CPMG 
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𝜏𝑒 =
1

4 𝐽2 + Δ2
≈

1

4𝐽
 

𝑛 = round(
𝜋

2𝜃
  

Echo delay should be:  

Number of echoes should be:  
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