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ABSTRACT 

UCRL-19667 

All six N
14 

nuclear Quadrupole resonances in imidazole 

have been observed. Using Townes-Dailey theory and experi-

mental observation, we are able to make the first unambiguous 

identification of the Quadr~polecoupling constants at a 

bi-coordinate N site . 
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';:"-14 
This letter reports the observation of all six N nuclear quadrupole 

resonances in imidazole (see Figure 1 for structural formula) by means of 

the level crossing detection technique. (1) Nitrogen has a nuclear spin 
.' 

1=1, thus it has at most three pure nuclear quadrupole resonances, ienoted 

by V , V , v o , for each nuclear site. There are two independent non- , + - , 

equivalent nitrogen sites in imidazole: one of them forms a bi-coordi-

nate bond with its neighbor carbon nuclei (C-N=C), the other forms a tri-
9 . 

coordinate bond (C-N-H). From the transition frequencies ,both the 
. 2 '.. 

quadrupole coupling constant e qQ and the asymmetry parameter T) can be 

determined. (2) The experimental data, taken at a temperature of 77°K, 

. . 2 
and the calculated values of e qQ and n are .shown in Table' 1. Spectrum 1 

. {3) 
in Table 1 has been previously reported by Schempp and Bray. It may 

be remarked that the value n=O.98 calculated from our experimental data 

is the largest asymmetry parameter yet observed in a N compound. Since 

only polycrystalline samples were used in the experiments, the directions 

of the principal axes of the electrical field gradients (EFG) could not 

be determined experimentally. It remains to determine, however, which 

of the spectra (1 and 2 in Table 1) corresponds to thebi-coordinately 

bonded N site, and which corresponds to the tri-coordinate Nsite. The 

simplest theoretical approach has been given by Townes and Dailey, for 

symmetrical molecules. The molecules of imidazole do not have two fold 

symmetry at its nitrogen sites. The directions of the principal axes of 

its EFG are thus generally not the same as those of the bonding orbitals, 

as assumed in the simple Townes-Dailey analysis. However, these deviations 

4 
are expected to be quite small. 'l'he Townes-Dailey analysis should thus 

be . sufficiently accurate to distinguish the origins of the spectra, since 

the quadrupole coupling constants and n's here are grossly different. 
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For the three coordinate nitrogen atom, the prin6ipal axes of the EFG 

are shown in Figure 1. Since P orbital of the nitrogen atom contains the 
1T 

lone pair of electrons, it is assumed that Z axis is in this direction and 

is per.pendicular to the molecular plane. The N-C sigma orbital populations 

are usually less than N-H sigma orbital populations which implies that the 

X-axis is in the N-H orbital direction. 5 The S_P3 hybrid orbitals are 

given by: 

r6l = l/iz 

r6
2
= cot e l/i + (1_cot2e)1/2 ~ (1) 

s x 

r6
3 

= [(1_cot2e)1/2 ~s cot e l/ix + l/iy J//2 

"- 2 1/2 'P4 = [(l-cote) l/i s cot e l/i - l/i J 1/2 x y 

where l/i , l/i , l/i , and l/i are 2s, 2p , 2p , and 2p orbitals of the nitrogen 
. s x y z· :l<ly' Z 

atom and 2 e is the C-N-C bond angle. Then if the population of ¢l' ¢2' 

r6
3 

(~, r64) are a, b, and c respectively, it may be shown from Townes-Dailey 

analysis that the coupling constants are given by: 

2 
e

2
qQ (i + n/

3
) = (a ':"c) 

e qoQ 

2 
3 (1 - cot e) (b - c )/2 

By substituting the experimental data into these equations and assum­

ing the typicalvalue5 of b = 1.33, one can obtain the values for a and c 

corresponding to the two different sets of spectra, as shown in Table 2. 

The values for the first spectrum correspond to those of usual three 

5 '1 coordinate nitrogen atom. - The values for the second spectrum 

I' 
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are rather small by comparison. Thus, it seems from this simple 

theoretical analysis that the first spectrum is likely to be that of the 

three coordinate nitrogen resonances. 

For the two coordinate nitrogen atoms,_ the principal axes of the EFG 

are chosen as shown in Figure 2. The S_P3 hybrid orbitals are given by 

simply exchanging the x and z in the Equation 1. If the population of 

the P 7f (¢l) ~nd bonding sigma (¢3' ¢4) orbitals are represented as a and b 

respectively, the coupling constants are given by: 

1 
2 (l.,.cot. e) 

(1 + n/3) 

The values of a and b calculated from experimental data for the spectrum 

1 are given in reference 5. Values of a and b calculated for spectrum 2 

are shown in Table 3 where two different values of bonding angles 2 e are 

assumed. The values of a and b with the smaller bonding angle in Table 3 

seem to be quite close to the values found for spectrum 1. The calculation 

here thus does not help to correlate the spectra with the sites. 

This simple Townes-Dailey analysis indicates that the nuclear quadru-

pole coupling constant and the asymmetry parameter for the three coordinate 

nitrogen atoms in imidazole are 3.2714 Mc/s and O.l28,respectively, and for 

two coordinate nitrogen atoms, these are 1.4245 Mc/s and 0.98 respectively. 

In order to verify this conclusion experimentally, a sample of 

deuterated imidazole was used in which most of the hydrogen atoms which form 

chemical bonds with the three coordinate nitrogen atoms are replaced by 

.. 

f 
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deuterium·atoms. With a rather strong r.f. irradiation field, a search 

was made by employing the same level crossing detection technique for the 

'forbidden transition due to simultaneously exciting both nitrogen and 

deuterium at the slim frequencies: 

where V
N 

and V D are the quadrupole resonance frequencies of nitrogen and 

deuterium atoms respectively. The typical value for the transition 

frequencies of de'uterium are known to be around 150 kC/s. Only one doublet 

was observed as shown in Figure 3. This corresponds to the transition 

frequency for nitrogen around VQ = 210.5 kc/s together with the tran­

sition frequencies of deuterium around VD_ ::;: 131 kc/s and VD+ = 143.5 

kc/s. Since the transition probability of a forbidden line is directly 

proportional to the square of the dipolar coupling constant between the 

nitrogen and deuterium nuclei, one concludes that the nitrogen atoms wi.th 

transition frequency at 210.5 kc/s of spectra 1 are much more strongly 

coupled to the deuterium. This means that spectrum 1 arises from three 

coordinate nitrogen atoms which form chemical bonds with deuterium. Thus, 

this provides experimental confirmation of the Townes-Dailey analysis. 

The failure to observe the forbidden transitions at the high frequencies 

VN±+vD±can be explained by the fact that the forbidden transition 

probabilities are inversely proportional to the square of the transition 

frequencies. This can be shown for the case of both interacting nuclear 

spins having I=l which is true for Nand D. The dip at the frequency of 

375 kc/s in Figure 3 is thought to be a high order transition due to 

proton nuclei, for a large shift of its frequency as a function of d.c. 

., 
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magnetic field was observed. 

The authors wish to thank Professor C. T. O'Konski for the suggestion 

of this experiment, Dr. M. Pomerantz for helpful discussions and in the 

preparation of this letter and" Professor E. L. Hahn for encouragement. 
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FIGURE CAPTIONS 

Fig. 1 Principal axes of the electric field gradient of three-coordinate 

nitrogen atoms in ~dazole. 

Fig. 2 Principal axes of the electric field gradient of bi-coordinate 

nitrogen atoms in imidazole. 

Figo 3 Forbidden transitions in deuterated imidazole. Hl (rf) ~ 20 gauss. 

Ho ( low field) ~ 15 gauss. A resonance is observed as a decrease 

in S. 

t 
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Table.1. N
14 

Nuclear Quadrupole Resonance in Imidazole (Mcl s) 

Spectrum 2 
v+ v V e qQ n - 0 

1 2.5588 2.3483 0.2105 -3.2714 0.128 

2 1.4175 0.7193 0.6982 -1.4245 0.98 
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Table II. Orbital Populations in Imidazole for Three Coordinate 

. Nitrogen Atoms e2qoQ is assumed equal to -9.0 Mc/s and 

the Bond Angle 28 equal to 108°. 

Spectrum 
2 (Nels) b e qQ n a e 

1 -3.2714 0.128 1..65 1.33 1.27 

2 -1.4245 ' 0.98 1.33 1.33 1.12 

'. 
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Table III. Orbital Populations in Imidazole for Two 

Coordinate Nitrogen Atoms with EqQ equal 
2 

to 1.4245 Me/s and n = 0.98. e Qq is 
o 

Assumed Equal to -9.0 Me/s. 

26 a b 

1080 1:68 1.58 

1000 1.35 1.25 
-
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
N~ither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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