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The splitting of the lines of nuclear magnetic resonance in an electric field is evaluated in 
the case of a nucleus possessing a quadrupole moment and making up the molecules of a 
liquid or gas. Splitting (or broadening) in the case of nonlinear molecules possessing a 
constant electric dipole moment is due to their partial orientation in an electric field. The 
magnitude of the splitting is strongly dependent upon the properties of the nucleus and the 
molecule, and is of the order of several kilocycles per second in an intermediate case for 
a field of 105 VI em. 

No quadrupole splitting of the nuclear magnetic 
resonance spectrum is observed in liquids and 
gases, for the potential is spherically symmetrical 
in the laboratory system of coordinates, owing to 
the rapid random rotation of the molecules, and 
consequently there is no quadrupole interaction. 
If the (nonlinear) molecules containing the nuclei 
have quadrupole moment, and have a nonvanishing 
constant dipole moment, then they become partially 
oriented in an external electric field. In this case 
it is possible in principle to observe quadrupole 
splitting of the spectrum, or at least the line broad
ening if the splitting is smaller than the line width. 
We present below an estimate of the magnitude of 
the indicated effect. 

Quadrupole interaction is determined by the 
Hamiltonian (see [l]) 
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The tensors Qm and ( V'E >m have components 
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where x, y, z are the coordinates in the laboratory 
system. 

Let if!, 8, and cp be the Euler angles of a coor
dinate frame x 1 , Y 1 , z 1 which is rigidly fixed in the 
molecule, with the Z 1 axis directed along the di
pole moment. Since 

where aij are the direction cosines of the angles 
of the axes of both systems, which depend on the 
Euler angles, the gradient of the field in the labo
ratory system is expressed in terms of the gradi
ent of the field in the system fixed in the molecule 
by the formulas 

(3) 

Upon rotation of the molecule the angles if!, 8, 
and cp vary with the time. The probability that the 
dipole moment is directed in a solid angle 8 - 8 
+ d8, if! -if! + dlf! and that the angle of the molecule's 
own rotation lies between cp and cp + dcp is 
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2 2Jt 2Jt . 

Calculation of the average values of the prod
ucts aikajm with the aid of (4) yields from (3), 
accurate to terms of order (pE/kT )2, 

azcp a2cp 1 a2cp 
- w = -- ay2 = 2 az2 

= .!.. ( pE )2 a2cp = !3_ (.1!!!__)2 _ 
30 kT az'2 15 kT - a, 

(4) 

and all the cross derivatives are equal to zero. 
Thus, the averaged field is actually symmetrical, 
with a symmetry axis directed along the electric 
field, while the matrix elements JCQ are 
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If the electric field is directed parallel to the 
magnetic field H, then the single resonant line of 
frequency yH is replaced by several lines 

Lf . 3cQ u [2 + I j 
(I)"' 7

·- Y'· -, '21 (21-~ f) 2h m ' 111 . J. 

The splitting of the frequencies ow = wm + 1- wm 
is 

According to data given, for example, in [2] we 
have in order of magnitude p = 10-18 cgs esu, and 
e 2qQ ranges from 103 to 1 Me. If we specify p 
= 6 x 10-18, e 2qQ = 40 Me, and I = %. then for 
room temperature ( T = 300°K) and a field E 
= 100 kV/cm we obtain ow = 3 kc. 

The line width in the case of quadrupole relax
ation due to rotation can be estimated from the 
formula (see [3]) 

(5) 

where T c is the correlation time, with an order of 

magnitude 10-11 sec. Numerical calculation yields 
D.w = 12 kc. 

Thus, in strong electric fields one can observe 
splitting or at least broadening of the nuclear mag
netic resonance lines, due to the static quadrupole 
interaction occurring upon orientation of the mole
cules. 

The line width is proportional to the square of 
the parameter of the quadrupole interaction, while 
the splitting is proportional to its first degree. 
Therefore, if only the line width is determined by 
the quadrupole relaxation as a consequence of the 
thermal rotation of the molecule [formula (5)], 
the conditions for the observation are better for 
molecules with smaller values of e 2qQ. 
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