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A new nuclear-quadrupole double-resonance technique is described. It has a higher sensitivity 
and a higher resolution than the conventional nuclear-quadrupole double-resonance technique 
based on solid effect. The new technique involves magnetic field cycling between a high and a 
low static magnetic field and simultaneous application of two //magnetic fields when the sample 
is in the low static magnetic field. A strong rf magnetic field induces "forbidden" simultaneous 
transitions in a magnetic (usually 1H) and in a quadrupole spin system and thus couples the two spin 
systems. A weak//magnetic field induces transitions between the energy levels of the quadrupole 
nuclei and simulates a fast spin-lattice relaxation of the quadrupole nuclei when its frequency 
matches an NQR frequency. The sensitivity and resolution of the new technique are discussed and 
test measurements in tris-sarcosine calcium chloride are presented. 
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Introduction 

An / / m a g n e t i c field of a f requency v in solids con-
taining nuclear spin species I and S with the resonance 
f requencies u l and v s , respectively, can induce tran-
sitions between the nuclear energy levels when u = u l 

or v = u s , and also when u = u l ± u s . The transit ions 
at v = ux ± v s are al lowed in solids due to the presence 
of the magnet ic dipole-dipole interaction be tween the 
I and S nuclei [1]. They are called sol id-effect transi-
tions. The solid-effect transit ions are actually s imul-
taneous transit ions between the energy levels of both 
spin systems. Absorpt ion of a quan tum of energy at 
the f requency v = v l + u s causes an upward transit ion 
in the spin system I at the f requency u l and an upward 
transition in the spin system S at the f requency u s , etc. 

The probabil i ty per unit t ime for a sol id-effect tran-
sition, W S E , is at the same ampli tude B, of the / / m a g -
netic field significantly lower than the probabil i ty per 
unit t ime for a direct transition at u = vx or at v = us. 
In case of a strong magnet ic dipole-dipole interac-
tion between the nuclei I and S, as for example when 
the atoms I and S are covalently bonded, the solid-
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ef fect rate 2 W S E is of ten of the order of ( m s ) - 1 when 
B « 1 tnT and the ampl i tude B, of the / / m a g n e t i c field 
is equal to a reasonable value of several mT. In such 
a case the sol id-effect transit ions may be used for an 
indirect detect ion of unknown resonance f requencies 
of the S nuclei via their effect on the N M R or N Q R 
signal of the I nuclei . 

A nuclear-quadrupole double-resonance ( N Q D R ) 
technique based on the solid effect [ 2 , 3 , 4 ] is of -
ten used for an indirect detection of low nuclear 
quadrupole resonance (NQR) f requencies z/QS. The 
technique involves magnet ic field cycling. 

A purely magnet ic spin system I (usually protons) 
is first polar ized in a high static magnet ic field B0. 
Then the external magnet ic field is adiabatically re-
duced to a low value B, B « 1 mT. The sample is 
kept in the low magnet ic field B for a t ime r , shorter 
than the spin-latt ice relaxation t ime T n ( B ) of the spin 
sys tem I in the low magnet ic field B . Then the exter-
nal magnet ic field B0 is adiabatically restored and the 
N M R signal Sx(T) of the I system is measured. It is 
approximate ly equal to 

5 i ( r ) = 5 , o e x p ( - r / r , i ( B ) ) , (1) 

when B «C B0. Here S I 0 is the N M R signal of the 
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spin system I prior to the reduction of the external 
magnet ic field. W h e n during the t ime r spent in the 
low magnet ic field B an rf magnet ic field of an am-
plitude B x , B 1 mT, is applied at the solid effect 
f requency v = VQS + vx, the s imul taneous transit ions 
in both spin systems establish in several mi l l i seconds 
a quasi equi l ibr ium, where N u / N 2 l = N 2 S / N X S . Here 
N l s and N 2 S are the populat ions of the upper and 
lower quadrupole energy levels separated by h u q S , 
whereas N u and N 2 l are the populat ions of the up-
per and lower Zeeman energy levels of the I nuclei , 
respectively. During the process of es tabl ishing the 
quasi equil ibr ium, the magnet izat ion of the I sys tem 
usually decreases and therefore a lower N M R signal 
S j - ASj is observed at the end of the magne t ic field 
cycle. The ratio A S j / S I 0 is of the order of Ns/N{, 
where Ns = Nls + N2S and N{ = Nu + N2l. 

W h e n the rf magnet ic field is applied at another 
solid-effect f requency v = VQS - ux, a quasi equil ib-
rium is established where Nu/N2l = anc^ 
a drop AS l of the N M R signal of the same order 
of magni tude as in the previous case is observed. 
A double t around v = UQS is thus observed in the 
^ -dependence of Sv The doublet is in general asym-
metric and not very well resolved. The sol id-effect 
rate 2WSE, namely, strongly decreases on increasing 
the low magnet ic field B, whereas the spin-latt ice 
relaxation t ime TU(B) of ten strongly increases on in-
creasing B . Therefore an opt imal Larmor f requency 
7 B is usually chosen as being equal to a f ew widths 
of the N M R line of the spin system I. W h e n deal ing 
with polycrystal l ine samples, the external magnet ic 
field also broadens the N Q R line. Thus in pract ice a 
reasonable value of B is approximately 1 m T or less. 

The main disadvantage of this N Q D R technique is 
its relatively low sensitivity as compared to the sen-
sitivities of other N Q D R techniques, and also its low 
resolution. The width of a line within the doublet is 
namely approximately equal to the width of the N M R 
line of the spin system I. The low resolution is not al-
ways a disadvantage since it al lows us to de te rmine the 
N Q R frequencies in a short t ime. Some recent exper-
iments [5 ,6] show that the sensitivity of the N Q D R 
technique based on the solid effect s ignif icantly in-
creases when the spin-lattice relaxation rates of the 
quadrupole nuclei are high. In this case, namely, af ter 
establishing the quasi equil ibr ium, the coupled spin 
sys tems relax towards the thermal equi l ibr ium with 
the crystal lattice faster than the I spin sys tem alone. 
This led us to an idea of simulating the fast spin-latt ice 

relaxation of the quadrupole nuclei by applying a sec-
ond weak rf magnet ic field of an ampli tude B2 and 
f requency u 2 , v 2 ~ z/QS, during the t ime when the 
first strong rf magnet ic field at the f requency vx = 
VQS ± z/j is switched on. In the u 2 -dependence of the 
N M R signal Sj at the end of the magnet ic field cycle 
we namely expect a relatively sharp dip at u 2 = z/QS. 
T h e width of the dip depends on the homogeneous 
and inhomogeneous broadening of the N Q R line as 
caused by the local electric and magnet ic fields, as 
well as on the solid-effect rate 2WSE. In general we 
expect a width of a few kHz which is approximately 
an order of magni tude smaller than the width of the 
sol id-effect doublet . 

In the fo l lowing we discuss the sensitivity of the 
N Q D R technique based on the solid effect as well 
as the sensitivity of the new technique. Finally we 
present some exper imental results obtained by the 
new technique in tr is-sarcosine calcium chloride. 

Sensit ivity of the N Q D R techniques 

Immedia te ly after the adiabatic reduction of the 
external magnet ic field is completed (t = 0) the pop-
ulations N j ! and N 2 l of the upper and lower energy 
levels of the magnet ic nuclei I, 

iVn(O) = i j V i ( l - a*0)), N2,(0) = i j \Ti( l + * ( 0 ) ) . ( 2 ) 

do not differ significantly f r o m their initial values 
N ^ = - 5 0 ) and iVj, = i jV,( 1 + So) prior 
to the the reduct ion of the external magnet ic field 
Cc(O) « S0) . Here S0 = hjB0/2kBT. 

Let us for the sake of simplicity assume that 
a quadrupole nucleus S exhibits only two nuclear 
quadrupole energy levels with the energy separation 
hvqS. Immedia te ly after the adiabatic reduction of 
the external magnet ic field is completed, the popula-
tions Nls and N2S of the upper and lower quadrupole 
energy levels may be written as 

N i s ( 0 ) = ^ s ( l - y ( 0 ) ) , iV2S(0) = i i V s ( l + y ( 0 ) ) . ( 3 ) 

Here yQ depends on the effect iveness of the level 
crossing [7] during the adiabatic decrease of the ex-
ternal magnet ic field. If the level crossing is fully 
effect ive, i. e. if the ratios of the populat ions of the 
energy levels of the two spin systems equalize when 
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the resonance frequencies match , then x(0) = y(0). If 
this is not the case, then y(0) < x(0). 

T h e popula t ions of the energy levels of the nuclei I 
and S are due to the spin-lattice relaxation governed 
by the rate equat ions 

C[NN 

dt 
d N i s 

dt 

= —W\(Nu - 7V2I), 

= -W£Nis + WgN2 s. 
(4 ) 

Here is the probability per unit t ime for an upward 
transi t ion and is the probabili ty per unit t ime 
fo r a do wn ward transition in the spin sys tem S. In 
the h igh temperature approximat ion the two transit ion 
probabi l i t ies per unit t ime read 

W» = Ws(\-hvQs/2kBT), 

Wi = Ws(\+hvQs/2kBT). 
(5 ) 

Here W s is an average of and VF^. In case of 
the I nuclei we assume that the energy separat ion 
of the Z e e m a n energy levels is low and w e do not 
d is t inguish be tween the probabil i ty per unit t ime for 
an upward transition and the probabili ty per unit t ime 
fo r a dow n ward transition: M7,11 = = W\. 

Let us fur ther assume that the number N s of crys-
ta lographical ly equivalent quadrupole nuclei is lower 
than the number iV, of the purely magnet ic nuclei, 
and that there are Ns s trongly coupled I-S pairs. If 
the rf magne t ic field is applied at the f requency v = 
UQS + i/j, then only the pairs where both nuclei si-
mul taneous ly occupy either the upper energy levels 
or the lower energy levels participate in the solid ef-
fect . T h e numbers of these pairs are N ^ N ^ N ^ and 
N 2 S ( N 2 l / N { } , respectively. The rate equat ions gov-
ern ing the populat ions of the nuclear energy levels as 
a consequence of the solid ef fec t transitions read 

diVis d Nu w AT Nu N2i 
—7— = -7— = -WseNIS—+ WSEN2S — .(6) 

dt dt N i N i 

Here W S E is the probability per unit t ime fo r a solid-
ef fec t transit ion. Combin ing (4) and (5), wri t ing the 
popula t ions N u , N 2 l , N l s and A r

2 S in the f o r m N u 

= 1^(1 - x), N2l = iiVjd + x), Nls = IJVS( 1 - y) 
and N2S = + y) and assuming that x , | / « 1 
w e obtain the following rate equations for x and y: 

^ - = -2Wlx-WSE£(x + y), 
dt 

^ = -2Ws(y-yo)-WSE(x + y). 
d r 

(7) 

Here £ = N i S / N u and y0 = hvQS/2kBT. 
T h e steady-state solut ions x* and y* of the Eqs. (7) 

are 

V =Vo 

x =-y 

2WsWi + WSWSE£ 
2W$W\ + WSWSE£ + WiWSE' 

WSEe 
2 Wi + WSE£ ' 

(8) 

Here x* is proport ional to the N M R signal of the 
dynamica l ly polar ized I spin system. A dynamic po-
larization of hydrogen nuclei by the quadrupole 75 As 
nuclei using the solid ef fec t has been recently ob-
served in K H 2 A s 0 4 [8]. 

In a usual double resonance exper iment £(0) is 
m u c h larger than y0. We may therefore neglect the 
steady-state solut ions x* and y* and assume that both 
x and y relax towards zero. The relaxation is two-
exponent ia l with the relaxat ion rates W + and W _ : 

W± = WI + + -(1 + £)Wse ± \ f A , 

A = [2(Ws - W\) + (1 - e)WSE] + 4eW^E. 
(9) 

Since we are interested in the sensitivity of the dou-
ble resonance technique, we assume that e 1 and 
W$E -C Wi. In this case, the expressions (9) s impli fy: 

W+ = 2VFs+VFWSE, = 2W{+£ 
2 W S I T S E 

2WS + ITSE 
.(10) 

T h e popula t ion d i f fe rence of the energy levels of the 
I nuclei is proport ional to x(t), 

x(t) = x+exp(-W+t) + x-exp(-W-t), (11) 

where 

X- = £(0) , 

x+ = £ 
H^SE 

2Ws + VF s e 

y(0) + £ ^ S E 
2Ws + WSE 

(12) 

x(0). 

T h e magnet iza t ion M j of the I spin system thus 
drops in a short t ime ( « W+x) for AMi , AM\/M\ = 
x+/x(0), and then the rest of the magnet izat ion relaxes 
towards zero with the spin-latt ice relaxation rate . 



340 J. Seliger and V. Zagar • A New Nuclear-Quadrupole Double-Resonance Technique 340 

The m a x i m u m value of x+ is obta ined in case of a slow 
spin-lattice relaxation of the S nuclei (W$ Wse) 
when x+=£ (o-(O) + y(0)). 

When the spin lattice relaxation of the quadrupole 
nuclei is slow, W$ < W\ WSE, the m a x i m u m 
double resonance signal is obta ined if W\T 1. In 
this case 

AS, = ^ x ( 0 ) + y ( 0 ) _ 

Sm x(0) £ x (0 ) 

If, on the other hand, the quadrupole nuclei relax fast, 
i . e . when sVFs > W\, the m a x i m u m double resonance 
signal is obtained when the di f ference 

Aa- = x(0)e~WlT - x+e~w+T - x-e~w~T 

(14) 
*x(0) (e~WlT - e~w-T) 

is max imum. In this case Ax may be of the order 
of x (0) (AS | /S io ~ 1), which is much more than 
ASi /S io ~ e (expression (13)) as obta ined when the 
quadrupole nuclei relax slowly. 

When the f requency v of the rf magne t ic field is 
equal to another solid effect f requency, v = z/QS — v\, 
the relaxation rates W+ and W- are still given by 
(9) and (10), is still approximate ly equal to x(0), 
whereas x+ is in case of slow spin-latt ice relaxation of 
the quadrupole nuclei approximate ly equal to £(x(0)-
y(0)). The double resonance doublet is thus in case of 
a slow spin lattice relaxation of the quadrupo le nuclei 
asymmetr ic : stronger at v = vq$ + v\ and weaker at 
v - z/qS — In case of a fully effect ive level crossing 
(X(0) = y(0)) the line at v = z/QS — v\ d isappears . 

The doublet obtained in case of a fast spin-latt ice 
relaxation of the quadrupole nuclei is s t ronger and 
nearly symmetr ic . 

In the new N Q D R technique we apply two rf 
magnet ic fields: a strong one, say, at the f requency 
vx = vqs — u\ and a weak one at a f requency 
z/2, u2 ~ z/Qs. W h e n the weak rf magnet ic field is 
switched off, the largest part of the I-spin magnet iza-
tion, which is proport ional to , relaxes towards zero 
with the spin-lattice relaxation rate W - . W h e n , on the 
other hand, the weak / / m a g n e t i c field is swi tched on 
at Z/2 = Z/QS, the transition probabil i ty per unit t ime be-
tween the quadrupole energy levels increases, and as 
a consequence the magnet izat ion of the magnet ic spin 
system relaxes towards zero value with a h igher re-
laxation rate than W-. If a large enough ampl i tude of 

the weak rf magnet ic field is chosen so that the transi-
tion probabili ty per unit t ime be tween the quadrupole 
energy levels exceeds VFSE, then the magnetizat ion of 
the I spin sys tem relaxes towards zero with a relax-
ation rate W0, W0 = W-(WS ->• oo) = 2W1 + EWSE. 

The double resonance signal AS of the two-
f requency irradiation technique is the difference be-
tween the N M R signals of the I system at the end of 
the magnet ic field cycle as obtained under the single-
f requency and under the two-frequency / / i r rad ia t ion . 
It may be approximate ly expressed as 

AS = S\o (e~w~T — e~w°T) . (15) 

The sensitivity of the two-frequency irradiation 
technique critically depends on the spin-lattice re-
laxation rate 2W$ of the quadrupole nuclei, and on 
VFSE- The highest sensitivity is obtained when the 
quadrupole nuclei relax slowly, W$ <C W$e- In this 
case AS is of the order of Sio when W$E <C W\. 
When , on the other hand, the quadrupole nuclei re-
lax very fast, W$ -C WSE, the relaxation rate 
is already under the s ingle-frequency rf irradiation 
equal to Wo and the double resonance signal is zero. 
The solid effect doublet is in this case symmetr ic and 
strong but the resolution can not be improved. The 
new two-f requency irradiation technique is thus ap-
plicable when Wse < ^ and W$ < WSE, whereas 
in the low-resolut ion N Q D R based on the solid effect 
the best results are obtained when WSE "C W\ and 

> Wse-

Exper imenta l Results 

As a test of the new N Q D R technique we mea-
sured 35C1, 37C1 and 14N N Q R frequencies in tris-
sarcosine ca lc ium chloride ( T S C C ) with the chemi-
cal fo rmula ( C H 3 N H 2

+ C O O - ) 3 C a C l 2 . All measure-
ments were pe r fo rmed at room temperature. 

The parameters of the magnet ic field cycle were 
B0 = 0 .8 T, B = 0, and r = 0 .3 s. The cycles were 
repeated every 10 seconds. The 'H- 3 7C1 solid-effect 
double t as obta ined by the s ingle-frequency irradia-
tion is shown in Figure la . The ampli tude B\ of the 
/ / m a g n e t i c field was approximately 2 mT. The dou-
blet in zero external magnetic field ( B = 0) is the 
consequence of a finite dipole width hvD of the pro-
ton N M R line (SZ^D ~ 30 kHz). The relative change 
A S h / S h P r c , t on N M R s igna l is at Z/Q ± DUD 

larger than £ = A^(37Cl)/iV(1H) = 0.033, what shows 
that the spin-latt ice relaxation rate W 0 of the chlorine 
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( a ) 

o o 

1H -3 7Cl NQDR IN TSCC 

T = 23"C B = 0 

^ 1.6 

(b) 

1-8 v [ M H z ] 

Bi ~ 2mT 
• B2=0.2mT 
+ B2=:0.1 mT 

1.6 1.7 1 8 V 2 [ M H Z ] 

Fig. 1. 1H-37C1 NQDR spectra in TSCC as measured by the 
single-frequency irradiation technique (a) and by the new 
two-frequency irradiation technique (b). 

nuclei mult ipl ied by e is higher than the proton spin-
lattice relaxation rate WH in zero magnet ic field (VFH 

~ 4 s _ l ) . The doublet is slightly asymmetr ic and cen-
tered at approximately 1.7 MHz. A similar result was 
obta ined in a previous experiment [9]. 

T h e effect of the two-frequency irradiation is 
shown in Figure lb. The strong / / m a g n e t i c field with 
an ampl i tude B x of approximately 2 m T was applied 
at the f requency z/, = 1670 kHz and the magnet ic-
field cycles were repeated at different f requencies v 2 

of the weak / / m a g n e t i c field with the ampl i tude B-,. 
Two f requency scans are shown: one at B2 zz 0.2 
m T and another at B2 « 0.1 mT. The second scan 
gave a significantly narrower line than the first one. 
At still lower values of B2 the intensity of the dou-
ble resonance line decreases whereas the line width 
does not change significantly. Thus the 37C1 N Q R fre-
quency Z / Q ( 3 7 C 1 ) is in T S C C at 2 3 ° C equal ^ Q ( 3 7 C 1 ) 

= ( 1 7 0 5 ± 3 ) kHz. 
The N Q R frequency of the more abundan t 3 5 CI nu-

clei was also measured by the new N Q D R techniques. 
The parameters of a magnetic-field cycle as well as the 
ampl i tudes of the / / m a g n e t i c fields were the same as 
before . As a result we obtained Z / Q ( 3 5 C 1 ) = ( 2 1 6 5 ± 4 ) 

kHz. Thus the ratio of the nuclear quadrupole mo-
men t s Q ( 3 5 C 1 ) / Q ( 3 7 C 1 ) of the two chlorine isotopes is 
- if we neglect the influence of the isotope masses on 
the mot ional averaging of the electric-field-gradient 
tensor - equal to Q ( 3 5 C 1 ) / Q ( 3 7 C 1 ) = 1 . 2 7 0 ± 0 . 0 0 5 . 

A precise measurement of the 1 4N ( 1 = 1 ) N Q R 
f requenc ies v+, z/_ and UQ in T S C C may also be 
per fo rmed . There are two positions of the sarcosine 
molecu les in the crystal structure with the occupat ion 

ratio 2:1 [9]. We therefore expect two sets of three 
1 4 N N Q R lines. 

The secular part of the pro ton- 1 4 N dipole-dipole 
interaction is in zero external magnet ic field equal to 
zero when the asymmet ry parameter rj of the electric-
field-gradient tensor at the nitrogen site differs f rom 
zero [10]. The 1 4N N Q R lines are therefore narrow, 
but the highly sensitive nuclear-quadrupole double-
resonance technique involving resonant coupl ing of 
ni t rogens in the rotating f r a m e and protons in the lab-
oratory f r ame [11] can not be used. However a strong 
rf magnet ic field with the f requency close to a 1 4N 
N Q R f requency still induces the solid-effect transi-
t ions [3 ,4] and thus couples the two spin systems. In 
the s ingle-f requency N Q D R exper iment a broad line 
be tween 4 0 0 k H z and 6 0 0 kHz and two narrower lines 
around 1 M H z were observed, indicating that there are 
indeed two crystal lographical ly inequivalent nitrogen 
sites in the crystal structure and that the asymmetry 
parameter rf is for both sites close to 1 [9], The large 
value of rj is in agreement with the electric-charge 
distribution within a C - N H 2

+ - C group. 

More precise measurements of the l 4 N N Q R fre-
quencies in T S C C have been done by the new tech-
nique. The parameters of a magnet ic field cycle were 
the same as before . The ampl i tude B x of the s t rong / / 
magnet ic field was approximate ly 2 mT, whereas the 
ampl i tude B2 of the weak rf magnet ic field was ap-
proximately 0.1 mT. The results of the measurements 
of the 1 4N N Q R f requenc ies u+ , u+ and u0 for the 
more abundant sarcosine molecules are shown in Fig-
ure 2. The observed N Q R lines are of different widths 
and shapes, which is p resumably the effect of the 
proton-ni t rogen dipole-dipole interaction. The low-
est 1 4N N Q R f requency v 0 was observed at u 0 = 
(430.1 ± 0 . 4 ) kHz, the intermediate N Q R frequency 
v_ at //_ = ( 4 7 1 . 3 ± 1 ) k H z and the highest N Q R fre-
quency v + be tween 901.1 kHz and 903.7 kHz. The 
quadrupole coupl ing constant eqQ/h is thus equal 
eqQ/h = ( 9 1 6 ± 2 ) kHz, and the asymmetry parame-
ter r) is equal 77 = (0 .939±0 .003 ) . 

For the other ni t rogen site we obtained by the 
same technique the fo l lowing N Q R frequencies : u 0 

= ( 4 8 4 . 6 ± 0 . 5 ) kHz, = ( 5 4 0 . 7 ± 0 . 5 ) kHz and = 
( 1 0 2 5 . 0 ± 1 ) kHz . The quadrupole coupl ing constant 
eqQ/h is equal to 1 0 4 4 ± 2 ) kHz and the asymmetry 
parameter 77 is 0 . 9 2 9 ± 0 . 0 0 3 . 

The 1 4N N Q R f requenc ies as measured by the new 
technique are well resolved and determined with a 
much higher precision than by the s ingle-frequency 
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1 H - U N NQDR IN TSCC 

T= 23°C B =0 
00 0 000°0 v0 o°o°o° 

v1 = 380kHz 

JL 
425 430 

°o°o°oo 

4 3 5 v 2 [ k H z ] 

v, = 410kHz 

465 470 

0 0°o°OOoOoOn 

4 7 5 V 2 [ k H z ] 

v + 0 0 0 0 ° 0 ° 
o 

o 
o° v< =835kHz 

895 900 905 
v 2 [ k H z ] 

Fig. 2. 'H- I 4N NQDR spectra in TSCC as measured by the 
new two-frequency irradiation technique. 

irradiation technique. The above measuremen t s also 
manifes t the power of the new technique in case of 
over lapping solid-effect spectra. 

Conclus ions 

We present a new nuclear quadrupole double reso-
nance technique based on the solid effect . The tech-

nique involves magnet ic field cycling between a high 
and a low 1 mT) static magnetic field. During the 
t ime spent in the low static magnet ic field, a strong rf 
magnet ic field of an ampli tude B x applied at a solid-
effect f requency ± VQS couples the magnet ic spin 
sys tem I and the quadrupole spin system S. A two-
exponent ia l relaxation of the I-spin magnet izat ion M x 

fo l lows the application of the strong / / m a g n e t i c field. 
In a short t ime Mx drops to approximately M l N s / N l , 
and then the rest of M , relaxes towards zero with 
the relaxation rate VF_. The relaxation rate is 
high when the spin-lattice relaxation rate W s of the 
quadrupole spin system is high. If this is not the case, a 
high spin-lattice relaxation rate W s can be s imulated 
by a second rf magnet ic field B2 applied in resonance 
at i/2 = vqs- Thus in the v 2 -dependence of the N M R 
signal of the I nuclei at the end of the magnet ic-
field cycle a sharp line is observed around V2 = VQS. 
The new technique gives the best results when the 
quadrupole nuclei relax slowly: Ws WSE- If this 
is not the case, then the new technique may be still 
applied until Ws = VFSE, but the sensitivity is strongly 
reduced. 

The exper iments performed in T S C C at room tem-
perature show that the resolution of the new technique 
is indeed by more than one order of magni tude higher 
than the resolution of the s ingle-frequency N Q D R 
technique. Moreover , the new technique is particu-
larly useful when the solid-effect spectra as obtained 
by the s ingle-frequency N Q D R technique overlap. 
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