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Homonuclear Selective Population Inversion : An INDOR Equivalent in 
Fourier Transform Nuclear Magnetic Resonance Spectroscopy 

By KLAUS G. R. PACHLER* and PHILIPPUS L. WESSELS 
(National Chemical Research Laboratory, Council for Scientijc and Industrial Research P.O. Box 395, Pretoria, South A fitca) 

Summary It is shown how the selective population inver- 
sion (SPI) technique can be applied to coupled homo- 
nuclear spin systems to give the same information in FT 
n.m.r. spectroscopy as INDOR in the continuous-wave 
(CW) mode of operation. 

EFFORTS to combine the advantages of the INDOR double 
resonance technique with those of pulsed Fourier transform 
n.m.r. spectroscopy have led Feeney and Partingtonl to 
suggest a pseudo-INDOR experiment. A population 
transfer between two energy levels is effected by con- 
tinuously applying a small r.f. field to a single transition 

while accumulating spectra in the FT inode. The differ- 
ence, obtained by subtracting an unperturbed spectrum 
observed under exactly identical conditions, closely re- 
sembles the CW INDOR spectrum. 

The selective population inversion technique2 achieves 
the same objective and has been successfully used in hetero- 
nuclear 13C - * - (IH} double pulse experiment~.~-S In this 
experiment large intensity changes are induced by inverting 
the populations of two connected IH energy levels with a 
selective n pulse. The 13C spectrum is then observed 
following a non-selective n / 2  pulse. In a homonuclear 
system, however, the non-selective pulse also affects the in- 
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FIGURE. (a) The 100MHz lH FT n.m.r. spectrum of 2,3- 
dibromopropionic acid in C,D,, and difference spectra obtained 
(b) by continuously irradiating the transition a t  lowest field ( x )  
(pseudo-INDOR), (c) by saturating the same line prior to  
sampling the spectrum, and (d) by inverting the first line with a 
selective 7r pulse (SPI). 

verted transition and the appearance of the final spectrum 
is difficult to predict. Recent density matrix calculationss 
have indicated that the effects due to any population 
changes are largely eliminated if a non-selective n-/2 pulse 
is used to observe the spectrum, but are preserved to a 

certain extent if smaller flip angles are used. A compro- 
mise can be found between the reduced signal amplitude 
following flip angles smaller than ~ / 2  and the loss of 
population transfer effects a t  larger flip angles. 

These considerations apply to all three techniques com- 
pared herein. All spectra in the Figure have therefore been 
obtained under the same experimental conditions. 16 tran- 
sients have been accumulated (2 x 16 for difference spectra) 
with a flip angle of 77/6. Pulse delays between the non- 
selective pulses allowed the system to return to  thermal 
equilibrium. Difference spectra have been obtained in the 
previously described manner.4 Free induction decays of 
perturbed and normal spectra are alternately added to or 
subtracted from computer memory before Fourier trans- 
formation. Trace (a) shows the lH FT spectrum of 2,3-di- 
bromopropionic acid in C,D, (undegassed ; concentrated 
solution). In the three difference spectra (b-d) the first 
low-field line (indicated by x )  has been perturbed. Trace 
(b) is a pseudo-INDOR spectrum obtained with a con- 
tinuous r.f. power of FHz = 0.3 Hz. Trace (c) is a 
difference spectrum obtained from a saturation experiment' 
in which the first line was saturated for 10s with an r.f. 
power of Fz = 2.5 Hz prior to applying the non-selective 
observing pulse. Trace (d) shows the homonuclear SPI 
difference spectrum [TH2 = 2-5 Hz.] 

The spectra shown in the Figure demonstrate quite 
convincingly the superiority of the homonuclear SPI 
technique over the other two techniques. The sensitivity 
of the pseudo-INDOR experiment is limited by the onset 
of tickling at  higher power levels. The saturation tech- 
nique could give a maximum effect equal to half the in- 
tensity of any observed line. The longer period required to 
saturate a line increases secondary population transfers to 
other energy levels as evident in the three transitions 
following the perturbed line. The SPI experiment shows 
by far the biggest intensity changes, twice as large as in the 
saturation experiment. The pseudo-INDOR and the 
saturation experiments could probably be improved by 
degassing the sample, while this is less important for the 
SPI method. The SPI effect is less than expected for a 
complete inversion because of the compromise between flip 
angle and transfer effect discussed above. 
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