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Self-decoupling of l5N-I4N dipole-quadrupole couplings was studied by variable temperature I5N CPMAS 
line-shape analysis of singly I5N-labeled hydrazine sulfate and (diethy1amino)benzaldehyde diphenylhydrazone 
in various solid phases. This phenomenon is caused by molecular motions leading to fast I4N longitudinal 
relaxation. In the crystalline room temperature phase of hydrazine sulfate, these motions are identified as 
180" jumps of hydrazonium perpendicular to the NN-axis. p(Diethy1amino)benzaldehyde diphenylhydrazone 
(DEH) is used as a charge transport agent in organic layered photoconductors. In the crystalline state of this 
compound, no self-decoupling is observed; in contrast, self-decoupling is observed in solid solutions of DEH 
in bisphenol A polycarbonate (PC), indicating the presence of molecular motions causing fast I4N longitudinal 
relaxation. We assign these motions to an internal mobility of the phenyl groups of DEH in the glassy 
solution. The 15N CPMAS NMR line shapes are interpreted in terms of a broad distribution of activation 
energies of the motions. 

Introduction 

It is well-known that the dipolar interaction between spin S 
= 1/2 and I > 112 nuclei embedded in powdered solids is not 
totally averaged out by magic angle spinning (MAS). This 
second-order effect arises due to the fact that the quadrupole 
interaction of the I-spin is often so large it cannot be treated as 
a negligible perturbation of the Zeeman intera~t ion.~-~ As a 
result, the line positions of S under MAS conditions depend on 
the spin state of I .  In the case where I = 1 and the J-coupling 
is negligible a doublet with a splitting in the range of up to 
several hundred hertz is observed. The two doublet lines stem 
from the spin states m, = f l  and m l =  0 showing an intensity 
ratio of 2: 1. Each individual doublet line represents a reduced 
powder pattem, whose fine structure, however, is rarely resolved. 

These splittings facilitate signal assignments, e.g. in I3C 
CPMAS spectra the assignment of I3C bound to I4N,2s6 but they 
can also be a source of information about molecular dynamics. 
I spin lattice relaxation characterized by the transition rate 
constant kt can be very effficient because of the quadrupole 
moment of I .  In this case, fast thermally induced transitions 
between the spin states occur, influencing the line shape of the 
2:l doublet in the same way as a classical chemical exchange 
between two powder spectra. As the transition rate constant kt 
increases, the lines of the S-spin doublet broaden, coalesce, and 
become a sharp line at the position of the isotropic chemical 
shift. This self-decoupling of the dipole-quadrupole splitting 
was theoretically described by O l i ~ i e r i ~ . ~  and Johnson;Io the 
behavior can somehow be compared to the case of J-coupled 
IH-l4N spin pairs in solution. Several authors described 
examples where the dipole-quadrupole splitting is absent 
because of complete self-dec~upl ing~~-~ using a I3C stimulated 
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echo technique, Kennedy et al.7d measured slow I4N transition 
rate constants between 0.04 and 5 s-l. 

In this paper we report two examples of S-I dipole- 
quadrupole self-decoupling, and we show that qualitative and 
even quantitative information concerning the molecular dynam- 
ics can be obtained from the analysis of the variable temperature 
CPMAS NMR spectra of the S-spins. Actually, we report the 
results of variable temperature I5N CPMAS NMR studies of 
different crystalline phases of singly I5N-labeled hydrazine 
sulfate and of p(diethy1amino)benzaldehyde (DEH) in the 
crystalline state and in glassy solution in bisphenol A polycar- 
bonate (PC). Whereas hydrazine sulfate has also been studied 
by various methods, only very little information is available on 
DEH. The interest in DEH stems from the fact that it is 
employed as a charge carrier for the electron hole transport by 
thermally activated hopping in organic layered photoconductors. 
We think that the mobility of charge carrier molecules could 
be an interesting property for the electron hole conducting 
process. 

Theory 
The theory for the calculations of signal patterns of S-spins 

coupled to quadrupolar I-spin has already been p ~ b l i s h e d ~ , ~ , ~ , ' ~ ~ , ~ ~  
and will be repeated here only briefly for convenience. The 
resonance frequency v(m1) of S embedded in a static powder is 
given by 

vzee is the Larmor frequency, and vcs describes the chemical 
shift, as usual. For the dipolar contribution vd(m1) of a single 
orientation, Olivieri et aL4 derived the following equations by 
first-order perturbation treatment: 
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Yd(m/ = 0) = 
(~D,,~,/~Y,)[cos p d  cos e + sin B d  sin e cos(@-ad)] x 

(3 cos 0 cos ,!?, + l;lq sin 8 sin Bd cos(4-ad) - 
(3 cos2 e + l;lq sin2 e cos 24) x 
[cos B d  cos e + sin P d  sin 8 cos(@-ad)]} (2) 

Yd(m/ = f 1) = -Yd(m/ = 0)/2 f 
D ~ L I  -  COS p d  cos e + sin Bd sin e cos(@-a,)~~> (3) 

The size of the splitting depends on the dipolar coupling constant 
Dsl, the quadrupole coupling constant XI, the Zeeman frequency 
VI, the asymmetry parameter 71, and the polar angles Q, P d  of 
the internuclear vector rsl in the frame of the electric field 
gradient (EFG) tensor of I; 8 and 4 define the direction of the 
external magnetic field Bo in the EFG tensor frame. The 
equations for vcs in the EFG tensors frame are given in ref 23. 
To calculate the MAS average, the EFG tensor is defined in 
the rotor axis frame by the Euler angles Y, 0, and CP. Y 
describes the rotation of the sample around the rotor axis, 0 is 
the angle between the Z-component of the EFG tensor and the 
rotor axis, and CD defines the final rotation of the molecule 
around the Z-component of the EFG tensor. e and 4 are then 
given by 

e = XCCOS z (4) 

4 = arccos[x/(l-22)o~5] ( 5 )  

where 

z = -sin 0 cos Y sin 52 + cos 0 cos 52 (6) 

sin @ sin Y sin 0 (7) 

s2 is the magic angle between the rotor axis and the direc- 
tion of the magnetic field. The MAS averaged frequencies 
F(Q,@,@,ml) are then obtained by 

F<Q,@,@,m,) = '/2n~2nP(52,Y,0,@,m1) dY (8) 

which are numerically calculated for 30 different values of Y. 
The MAS spectrum is then acquired by the addition of 500 
different orientations for 0 and CP and convolution with a line- 
broadening function. In this study, dynamically broadened 
spectra were calculated for each orientation in the same way as 
the classical exchange between two unequally populated sites 
with frequencies 5(8,0,CP,m/ = 0) and F(Q,O,CP,m/= &I) for 
populations 1 and 2, 

Experimental Section 

[ I5N]hydrazine sulfate was synthesized from hydroxylamine- 
0-sulfonic acid and 95% I5N enriched ammonium chloride." 
The product was recrystallized by evaporation of water from 
an aqueous solution at 80 OC. 

Singly I5N-labeled p(diethy1amino)benzaldehyde diphenyl- 
hydrazone was synthesized in three steps. Firstly, [15N]nitr~~~- 
diphenylamine was prepared from diphenylamine and 95% 
enriched NaI5N02,'* purchased from Chemotrade Leipzig. 
['5N]nitrosodiphenylamine was then reduced with Zn/CH3- 
COOH to [I5N]diphenylhydrazine and isolated as a hydrochlo- 
ride.'* In the last step, the hydrazone was prepared by the 
reaction of saturated solutions of N,N-diphenylhydrazine and 
p-(diethy1amino)benzaldehyde in ethanol. After 1 h the ethanol 
was evaporated the residue was treated with watedCHCl3. The 

x = -cos @ cos 0 cos Y sin 52 - cos @ sin 0 cos 52 - 

Figure 1. (a) Hydrazine sulfate and (b) p(diethy1amino)benzaldehyde 
diphenylhydrazone (DEH). The asterisk indicates the position of the 
I5N label. 

(1) ( 2 )  
Figure 2. Molecular rotational jumps of NH: - NH; in hydrazine 
sulfate. 

organic phase was purified by chromatography on Si02/CHCl3. 
Samples of DEH in PC were prepared by evaporation of 
appropriate solutions using freshly distilled THF as solvent. The 
samples were dried in vacuum at 

NMR measurements were performed on a Bruker CXP 100 
NMR spectrometer equipped with a 2.1 T superconducting 
magnet. A 7 mm standard probe head from Doty Scientific 
Instruments was employed for all measurements. Variable 
temperature CPMAS NMR was performed using a home-built 
heat e ~ c h a n g e r . ' ~ ~  Temperatures were measured by thermo- 
element places near the rotor and were found to be accurate 
within f l  K at the applied spinning speeds.'3b All spectra are 
referenced to extemal solid '5NH4Cl. 

mbar overnight. 

The Case of [15N]Hydrazine Sulfate 

Three modifications of hydrazine sulfate have been found in 
previous investigations. Room temperature phase B was studied 
by 'H-TI, 'H-Tle, and 2H NMR and by x-ray and neutron 
diffraction methods.I4-l6 The crystal structure shows inequiva- 
lent environments for the two nitrogen atoms of the hydrazine 
molecules, leading to different NH bond length of about 0.03 
A in both -NH3+ groups. The solid state NMR measurements 
cited indicate the presence of fast rotational jumps of the -NH3+ 
groups around the 3-fold axis (Figure 2). This process is found 
to be clearly faster in one position than in the other. For the 
faster process the energy of activation is about 25 kJ/mol. In 
addition to these dynamics the two nitrogens invert their 
positions by 180" flips perpendicular to the NN-bond (Figure 
2). The Arrhenius parameters of this motion were determined 
to be approximately log(A/s-') = 12.8 and Ea = 40.5 kJ/mol.l4 
At around 220 K, phase B changes to low-temperature phase 
A, which interconverts only very slowly to phase B at room 
temperature. In phase A the dynamic behavior was found to 
be similar for both nitrogens. Additionally, a high-temperature 
phase C was detected by 'H relaxomem above 480 K. 2H NMR 
spectra gave evidence of a fast trbslational diffusion of 
hydrazine molecules in phase C. 14N NQR measurements were 
performed at 120 K, showing two sets of NQR parameters;" 
however, it is not clear which phase is concerned. 

During the course of our I5N NMR studies of proton transfer 
in solids we synthesized single I5N-labeled hydrazine sulfate.'' 
The I5N CPMAS spectra at 9.12 MHz of this compound between 
253 and 348 K are shown in Figure 3. The low-temperature 
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Figure 3. Superposed experimental and calculated I5N CPMAS spectra 
of [15N]hydrazine sulfate in phase B at 9.12 MHz. For the calculations 
the following parameters were applied: x = 3.4 MHz,'* vq = 0; r" = 

d 

1.44 A, ad = p d  = 0". 

spectrum at 253 exhibits the typical 2:l doublet at 19.5 ppm 
with a splitting of 140 Hz. This spectrum can be well adapted 
using eqs 1 and 2 and the known parameters. With increasing 
temperature the lines broaden and coalesce into a single narrow 
line, which exhibits no change up to 400 K, the highest 
temperature where spectra were recorded. The high-temperature 
line exhibits in very good approximation a Lorentzian line shape 
and appears at the position predicted from the low-temperature 
spectra and from the spectra of the double-I5N-labeled com- 
pound. By the analysis shown in Figure 3, the transition rate 
constants k, of the I4N-spins were extracted. 

The transition rates kt increase with increasing temperature, 
indicating that the I4N longitudinal relaxation has not yet passed 
its minimum value. We assume that the transitions rate 
constants k, are linearly related to the rate constant k of a 
thermally activated process, Le. that the corresponding I4N 
longitudinal relaxation is far from its minimum and that eq 9 is 
valid. 

kt = Ck = C A  exp(-EJRT) (9) 

The Arrhenius curve of the obtained values kt in Figure 4 is 
within the margin of error of a straight line, from which we 
obtain an activation energy of 41.9 f 2.3 kJ/mol. This value 
corresponds well with the above mentioned activation energy 
of 40.5 kJ/mol, which was attributed to the 180' flip motion of 
hydrazine in phase B. In other words, the I4N-spins are relaxed 
by 180" flips between two environments exhibiting different 
EFG tensors. This thesis is corroborated by the following 
observation. After measurements below 240 K, the room 
temperature spectrum recorded immediately afterward was found 
to be similar to the spectrum at 253 K shown in Figure 3. Thus, 
at low temperature phase A was formed, but at room temperature 
the conversion from phase A to phase B is hindered; in phase 
A the I4N transition rates kt are obviously slow even at a higher 
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Figure 4. Arrhenius diagram for the transition rates kt of I4N-spins in 
phase B of hydrazine sulfate. 
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Figure 5. Superposed experimental and calculated I5N CPMAS 
spectrum of [I5N]hydrazine sulfate at 9.12 MHz and 338 K during the 
slow interconversin from metastable low-temperature phase A to phase 
B. The contributions of the two phases are shown. The spectrum was 
calculated using values of kt = 48 s-l for phase A and kt = 1000 SKI 

for phase B. 

temperature. At 338 K the change from phase A to phase B is 
moderatly fast, leading temporarily to a spectrum with contribu- 
tions of both phases, as shown in Figure 5 .  The 14N transition 
rate k, in phase A probably remains small at higher temperature, 
not because the 180' flips are slower in comparison to phase B 
but because there is no or little change of the I4N EFG tensor 
due to the higher crystal symmetry. Hydrazine in phase A 
therefore shows the 2:l doublet even at higher temperatures, 
whereas the contribution of phase B at higher temperatures is 
of a single line. We note that the signal pattern of dipole- 
quadrupole spin pairs can result from a superposition of signals 
with differing phases, thus providing information not on the 
value of the transition rate constant itself but on the amount of 
molecules with a certain dynamic feature. Such an example is 
presented in the next section. 

The Case of p(diethy1amino)benzaldehyde 
Diphenylhydrazone (DEH) 

DEH embedded in polymer matrices is employed as an 
electron hole transporting agent in organic layered photo- 
 conductor^.^^-^^ Investigations on the structure and the dynamic 
behavior of medium-sized molecules such as DEH in amorphous 
environments are still scarce up to date. We decided to 
synthesize singly I5N-labeled DEH (Figure 1); the I5N label 
should allow the selective observation of the dye in the polymer 
matrix without interface from matrix signals. 

The I5N CPMAS spectrum of the singly I5N-labeled crystal- 
line DEH depicted in Figure 6a shows the typical 2:l doublet 
with a splitting of 150 Hz at 277 ppm. The size of the splitting 
is within the expected value, but unfortunatly, the quadrupole 
coupling constant X I  and the asymmetry parameter 71 in eqs 1 
and 2 are unknown, so we were therefore unable to determine 
the orientation of the I4N EFG tensor with respect to the NN- 
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Figure 6. (a) Superposed experimental and calculated room temper- 
ature I5N CPMAS spectra of singly I5N-labeled crystalline DEH at 9.12 
MHz. The splitting of 150 Hz and the line shapes are compatible with 
values of ~ 1 4 ~  = $6-4.6 MHz, Vi4N = 1-0.5, Q = 115-90", B = 
90°, QJN = 1.36 A. (b) Room temperature ISN CPMAS spectrum of 
the amorphous modification. 

bond. If DEH is melted and then cooled down, a glassy 
modification is obtained, which within a few days is slowly 
interconverted into the crystalline state. The I5N CPMAS 
spectrum of this glassy modification is shown in Figure 6b. The 
signal is clearly broadened but shows no signs of asymmetry. 
We suppose that the splitting is self-decoupled by a dynamic 
process which leads to fast I4N relaxation; the broadening is 
probably due to a distribution of isotropic chemical shifts. 

Because of improved mechanical properties, DEH is applied 
in concentrations of up to 40 wt % in polycarbonate films. To 
avoid complications with remaining crystalline fractions, a solid 
solution of 15% DEH in PC was prepared and used for this 
investigation. The I5N CPMAS spectrum of this sample at 303 
K (Figure 7) shows a single, low-field-shifted Gaussian- 
broadened symmetric line at 282 ppm. The spectrum does not 
change with increasing temperature; when the temperature is 
decreased, the line slowly changes to the Gaussian-broadened 
asymmetric doublet at 115 K, again with a splitting of about 
150 Hz. In the following we want to discuss this behavior firstly 
in a qualitative and then in a quantitative way. 

Self-decoupling of a dipole-quadrupole splitting of ap- 
proximately 150 Hz in DEH requires fast I4N relaxation, which 
for non proton bearing I4N atoms is usually caused by 
quadrupole relaxation. Effective for the relaxation are motions 
in the megahertz range, which change the size or the direction 
of the,quadrupole interaction. This motion is suppressed in the 
crystal but is present in amorphous and probably less rigid 
environments. The static powder spectra of crystalline DEH 
and DEHPC are compared in Figure 8. The main difference 
between both modifications appears in the presence of the 
dipolar couplings of I5N to I4N leading to the fine structure in 
the spectrum of the crystal but which is  not resolved in the 
spectium of the solid solution. The fact that the observed large 
anisotropy of the chemical shielding is comparable leads to the 
conclusion that the imine nitrogen atoms are almost rigid in 
both modifications. A fast reorientation of the entire diphenyl- 
amine unit in both cases is therefore not expected. At room 
temperature, diphenylamine itself performs fast 180' flips of 
the phenyl rings, as found by deuterium NMR.26 The crystal 
structure of DEH indicates the existence of a large delocalized 
x-electron system which includes the three nitrogen atoms and 
the phenyl ring located in the trans-position of the C-N double 
bond.I9 The rotation of the phenyl ring in the cis-position to 
the imine carbon atom should be sterically hindered. The I4N 
relaxation then possibly arises from small changes in the 
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Figure 7. Superposed experimental and calculated I5N CPMAS spectra 
of 15 wt% DEH in PC at 9.12 MHz. The spectrum at 303 K was 
fitted as a single Lorentzian line with a half-width of 60 Hz Lorentzian 
and 40 Hz Gaussian broadening. The low-temperature spectrum at 115 
K can be described as an asymmetric 2:l doublet with parameters 
obtained from Figure 6 and line width taken from the high-temperature 
spectrum. The calculated spectra between 160 and 266 K are 
superpositions of the high-temperature and low-temperature spectra; 
F is the weight of the high-temperature spectrum. As an alternative, 
the line shapes can also be described well in terms of a classical 
dynamic line-shape theory, with transition rate constants k, at various 
temperatures being 60 s-l, 160 K; 140 s-I, 186 K; 240 s-], 215 K; 
440 s-', 235 K; 840 s-], 266 K. For further discussions see text. 
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Figure 8. Static I5N powder spectra of DEH at 9.12 MHz at room 
temperature: (a) DEH crystal, superposed experimental and calculated 
spectra, dipole and quadrupole parameters as given in Figure 6, all = 
530 f 4 ppm, 822 = 268 rfr 4 ppm, 633 = 28 f 4 ppm, G~ = Q - a, 
pCs = y,, = 0". Q~,  BCs, and yCs are Euler angles of the I5N CSA tensor 
in I4N EFG tensor frame? Polar angles of the "-vector in the 
chemical shift principal axis system are a = 17 f 2", /3 = 90 f 4'; /3 
is the angle between 833 and QJN; a is the angle between 611 and the 
projection of m~ in the 811/&2 plane. As mentioned in the caption of 
Figure 6, there is some ambiguity in the evaluation of the quadrupole 
parameters p ~ ,  ps, and Q, whereas the value for a = 17" appears 
valid for all cases. 10 OOO scans. (b) DEH in PC, 100 OOO scans. 

conformation of the diphenylamine unit, which via the delo- 
calized n-system modulates the quadrupole tensor parameters 
of the amino nitrogen. 
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The MAS spectra in Figure 7 were simulated by application 
of the classical line-shape theory, as described above. The 
obtained transition rates kl are given in the text of Figure 7. A 
linear dependence of kl on the square of temperature, as would 
be expected for the indirect quadrupole phonon relaxation 
mechanism,*' was found. With the assumption of an Arrhenius 
law (eq 9), we calculated an activation energy of Ea = 8.5 kJ/ 
mol. The fact that the transition rates kt increase with increasing 
temperature indicates again that the system is still on the low- 
temperature site of the TI-minimum. Thus, the rate constant k 
of the activated process at 300 K must be smaller than lo7 s-l. 

The corresponding frequency factor in eq 9 must therefore be 
smaller than A = lo8 s-l .  These values for frequency factor 
and activation energy are rather small for a unimolecular process 
which is suppressed in the crystal. This interpretation of the 
spectra therefore appears unreasonable in our opinion. 

An alternative explanation for the data in Figure 7 is given 
as follows. It is well-known that the dynamics in organic glasses 
is characterized by broad, temperature-dependent distributions 
of rate constants and spin lattice relaxation times. Such systems 
have been described in terms of a temperature-independent 
distribution for the activation energy.28 It is interesting to note 
that for systems such as DEH in PC, which show thermically 
activated photoconduction, the distribution of energies of 
electronic states is also an important property for the mobility 
of charges.29 

Let us define k;Fas the I4N transition rate constant causing 
the coalescence of the I5N dipole-quadrupole splitting. Ac- 
cording to eq 9, this corresponds with a rate constant k*. 
Assuming a broad distribution of rate constants k, the MAS 
spectra in Figure 7 can, as in the case of hydrazine, be described 
in terms of a superposition of two contributions with fractions 
F and 1 - F. The first fraction represents the molecules with 
large transition rates kt =- k$ contributing only a single aver- 
aged line to the I5N spectra. The second fraction corresponds 
with molecules possessing small transition rates kt .c k$ Le. 
contributing a 2:l doublet to the line shape. The fraction F* 
of molecules with kl = ktis very small. As can be seen in 
Figure 7, the experimental spectra can be well simulated by 
the weighted superposition of the spectra at 115 and 303 K. 
Figure 9 shows a plot of F dF(T)/dT versus temperature. As 
outlined by Rossler et a1.,28 dF(T)/dT is proportional to the 
fraction F*, which fulfills the conditions k = k*. This condition 
is realized at low temperatures for the sites where Ea is small 
and at high temperatures for sites where Ea is large. In other 
words, dF(T)/d(T) is a qualitative measure of the temperature- 
independent distribution of energies of activation g(Ea): 

0.9. 
0.8. 

The value of Ea can be directly calculated by the corresponding 
temperature T: 

Ea = R ln(k*/A)T = C*T, k* = const (11) 

R is the gas constant and A is the frequency factor, as usual. 
For simplification, k* and A are assumed to be constant with 
temperature and the same for all molecules. To estimate C*, 
we set k* = 105-106 s-'-for hydrazine sulfate we obtained 
k* e lo5 s-'-and A is set to 10-13-1012 s-l. C* is then on 
the order of 154-115 J/(mol K). The function of F(T)/d(T) 
versus Tin Figure 9 exhibits a maximum at around 250 K, which 
then corresponds according to eq 11 with a value for Ea,max = 
28-38 kJ/mol and a half-width of the distribution of 15-20 
kJ/mol= 0.15-0.19 eV. Details on the shape of the distribution 
function g(Ea)  should not be inferred on the basis of the 
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Figure 9. (a) High-temperature fractin F(T) of spectra in Figure 7 
versus temperature, experimental points (squares) and fit to a function 
F(T) = exp(aT+b)/(l + exp(aT+b)); a = 0.0282 K-]; b = -6.28 
(solid line). (b) Gradient between experimental points AF(7)IAT 
(circles) and derivative of fitted curve (solid line). 

relatively crude experimental data. It must be emphasized that 
this interpretation is still tentative, but in contrast to the analysis 
by application of the classical line-shape theory, as in the case 
of hydrazine, the value for activation energy Ea," is reasonable 
and comparable to the values found for 180" phenyl flips in 
polymers; for example, PC exhibits a value of Ea = 37 kJ/m~l.~O 
The width of the energy of activation distribution function is 
relatively large but still within the order of magnitude found 
for the distribution of energies of molecular motions in 
amorphous organic solids2* as well as the distribution of energies 
of electronic state of charge carriers in organic photoconductors, 
such as triphenylmethane dyesz9 Effects on the electron hole 
mobility by polarity of the polymer matrix as well as by the 
glass transition were measured in organic layered photocon- 
duct or^.^' Solid state NMR methods can provide information 
about structure and mobility of charge carrier molecules, which 
may lead to a better understanding of such systems on a 
molecular level. 

Conclusions 
In the present work we studied the dynamics of two 

compounds via the temperature-dependent observations of the 
l5N-I4N dipole-quadrupole couplings in I5N CPMAS spectra. 
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In the case of [i5N]hydrazine sulfate, the observed behavior is 
explained by fast 180" jumps of hydrazine, which lead to an 
exchange of the nitrogens between two different environments 
in the room temperature phase. This result is in full agreement 
with the results obtained previously by other methods. The 
temperature-dependent I5N CPMAS spectra of singly 15N- 
labeled DEH have been interpreted on the basis of a broad 
distribution of energies of activation of a motion responsible 
for the longitudinal relaxation of the I4N nucleus bond to the 
I5N nucleus monitored. The potential to study dynamics by 
the line-shape analysis of dipole-quadrupole splittings is 
relatively low because of the small size of the couplings, 
especially at higher magnetic fields. On the other hand, in 
favorable cases interesting additional and qualitative new 
information on dynamics of a neighboring quadrupole spin can 
be obtained through the observation of the spin = 112 nucleus; 
for example, a quick check on the presence of a fast molecular 
motion or of heterogeneity of molecular dynamics in disordered 
solids is possible. 
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