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The temperature dependences of 7Li and 15N NMR spin-lattice relaxation times and spectra in 
LiN02 were measured in the range 120 K - 473 K (m.p.). The 180°-flip motion of N 0 2

_ ions along 
or perpendicular to the molecular C2-axis and the self-diffusion of Li+ ions (activation energies of 
42 - 44 and 100 kJ mol - 1 , respectively) were observed in this range. From the comparison of the 
observed activation parameters with those reported for plastic phases of alkali metal nitrites, a new 
characteristic of the plastic crystal was obtained. 
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Introduction 

Nitri tes of K, Rb, Cs , and T1(I) become ionic plastic 
phases with NaCl - or CsCl- type cubic lattices around 
room tempera ture [1 - 4 ] . In the plastic phases, ex-
ci tat ions of N 0 2

_ isotropic reorientation and self-
d i f fus ion were shown by the measurements of alkali 
meta ls and 1 5 N N M R [5 - 10]. In the low-temperature 
phase jus t be low the plast ic phase , the onset of two 
site flip mot ions of N 0 2

_ ions was observed [5 - 1 6 ] . 
N a N 0 2 , f o rming no plastic phase, undergoes two 

order-disorder phase transit ions. The low-temperat-
ure phase is ferroelectr ic with all nitrite ions aligned 
parallel , and the midd le phase is i n c o m m e n s u r a t e ® 
antiferroelectr ic with a s inusoidal modulat ion of the 
long-range order parameter [ 1 7 - 2 2 ] . In the high-
tempera ture phase, a 180°-fl ip mot ion of N 0 2 ~ , as 
observed in the low-tempera ture phases of K, Cs, and 
T1 salts [7, 9 , 1 0 ] , is excited about the axis perpendic-
ular to the molecu la r C 2 -ax i s [ 1 7 - 2 2 ] . 

In L i N 0 2 , no phase transition is reported between 
80 and 4 7 3 K (melt ing point) [11]. The reported melt-
ing entropy of 36.2 J K - 1 m o l - 1 is much larger than 
those in the plast ic crystals: 14.0 (K), 16.0 (Rb), 
17.8 (Cs), and 15.0 J K - 1 m o l " 1 (Tl) [11 - 15], but 
comparab le to 29.6 J K - 1 m o l " 1 in N a N 0 2 [23], We 
are interested in the d i f ferences in the lattice dynamics 
of L i N 0 2 f r o m those of the other nitrites. 

In the present s tudy we have measured the temper-
ature dependences of the 7 Li and 1 5N N M R relaxation 

t imes and the spectra of L i N 0 2 , to reveal molecu la r 
motions in the wide temperature range of the solid 
phase and compare the observed activation parame-
ters with those in the low-tempera ture-phases of the 
M N 0 2 plastic crystals. 

Experimental 

L i N 0 2 and 1 5N enr iched L i 1 5 N 0 2 were prepared 
f rom N a N 0 2 (Wako Pure Chemica l Industr ies Ltd.) 
and N a 1 5 N 0 2 (99wt% 1 5N, I C O N Inc.), respectively, 
by cation exchange using Diaion SK-1 obta ined f r o m 
Mitsubishi Kasei Corp. Crude crystals were recrys-
talized f rom ethanol and dried in vacuo at ca. 4 0 0 K 
for three days. 

7 Li ( / = 3/2) and 1 5N (/ = 1/2) N M R spectra and 
spin-lattice relaxation t imes Tx were measured at the 
Larmor f requencies 116.64 and 30.42 M H z , respec-
tively, with a Bruker M S L - 3 0 0 spectrometer . 7 Li T{ 

was also determined at 26 M H z using a Bruker S X P 
spectrometer. The saturation and inversion recovery 
methods were employed fo r evaluating 7 \ . 1 5 N spectra 
were recorded with an external reference of 1 5 N H 4

+ 

(6S = - 3 5 4 ppm) in a 4.5 M solution of 1 5 N H 4 N 0 3 

in 3 M hydrochloric acid. 7 Li N M R spectra were ob-
tained f rom FID signals observed af ter a 7r/2 pulse. 

Since no crystal data are available, X-ray powder 
diffraction patterns were recorded at 300 and 4 4 0 K 
using a Phil ips X ' P e r t P W 3040/00 d i f f rac tometer 
with Cu anticathode. T h e electrical conduct ivi ty was 
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Fig. 1. X-Ray powder diffraction patterns observed in 
LiN0 2 . 
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Fig. 3. Temperature dependences of 7Li e2Qqh~\ esti-
mated from the side-band width shown in Figure 2. The 
inner side band width at 120 K could not be determined 
because of the broadened central peak. 

into a disc, 1 cm in d iameter and ca. 1 m m thick. 
Graphite electrodes (Acheson Elec t rodag 199) were 
employed. 

Results and Discussion 

X-Ray powder patterns recorded at 300 and 4 4 0 K 
are shown in Figure 1. These results suggest that 
L i N 0 2 crystals retain a low symmet ry up to the melt-
ing temperature. 

Observed 7Li N M R spectra measured at 116.64 
M H z are shown in Figure 2. The satellites on both 
sides of the central peak imply the presence of two 
kinds of Li sites in the crystal. T h e quadrupo le cou-
pling constant e2Qqh~l of each 7Li site was evalu-
ated, assuming the asymmetry paramete r 77 = 0, f r o m 
the relation [24] 

eAQqh~l = 2Av, (1) 

Fig. 2. 7Li NMR powder spectra observed at 116.64 MHz 
in LiN0 2 . The dotted spectra drawn on the left-hand side 
of the central peak are enlargements (x5) . 

measured at 1 kHz with the two-terminal method us-
ing a Yokogawa Hewlet t -Packard 4 2 6 1 A LCR meter 
at 350 - 4 7 0 K. The powdered sample was pressed 

where Av is the width be tween the satellite pair. 
The temperature dependence of observed e2Qqh~x 

is given in Figure 3. At room tempera ture we ob-
tained e2Qqh~] values of ( 7 2 ± 4 ) and ( 1 2 3 ± 6 ) kHz, 
which decreased with increasing temperature , and a 
narrowed central peak was observed around 4 3 0 K 
after the satellites disappeared. Since our X-ray pat-
terns showed no change around 4 3 0 K, it is expected 
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Fig. 4. The temperature dependence of the electrical con-
ductivity a of LiN02 , measured at 1 kHz. The solid line 
gives an activation energy of 100± 5 kJ mol - 1 . Tmp de-
notes the melting temperature. 
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Fig. 5. Temperature dependences of Tx of 7Li observed at 
116.64 (•) and 26 MHz (o) in LiN02 , and of 15N at 30.42 
MHz ( • ) in Li1 5N02 . Solid, broken and dotted lines are 
the best fitted theoretical values. Tmp denotes the melting 
temperature. 

that s o m e ionic mot ions average the electric field gra-
dient (EFG) at the Li+ ions. As a possible mot ion 
w e as sumed cat ionic self-diffusion and carried out ac 
electrical conduct ivi ty measurements . The obtained 
tempera ture dependence of the electrical conductivity 
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Fig. 6. An 15 N NMR powder spectrum observed at 
30.42 MHz in Li1 5N02 at 340 K. 

a is shown in Figure 4. U p o n heat ing to 4 6 0 K, a in-
creased to ca. 4 x 1 0 - 3 S m - 1 , c lose to ca. 1 0 - 2 S m - 1 

reported in the plastic phase of M N 0 2 (M = K, Rb, 
Cs, Tl) [7 - 10], suggest ing that the conduct ivi ty is 
due to ionic conduct ion. Since crT is proport ional 
to the di f fus ion coefficient , an activation energy of 
( 1 0 0 ± 5 ) kJ m o l - 1 was derived f r o m the slope of log 
crT plotted against T - 1 . This activation energy is al-
most equal to the 100 kJ m o l - 1 reported for K N 0 2 

[7] and R b N 0 2 [8]. 
The temperature dependences o f 7 L i T { observed 

at 116.64 and 26 M H z , and 1 5 N T{ at 30 .42 M H z are 
shown in Figure 5. 1 5 N T { gave a m i n i m u m around 
330 K, explainable by the relaxation due to some 
motion. The 1 5 N N M R spectrum observed at 340 K, 
shown in Fig. 6, retains three different principal com-
ponents of the chemical shift (CS) tensor which equal 
roughly those reported in the low-temperature phases 
of M N 0 2 [7 - 1 0 ] and N a N 0 2 [25, 26], where the 
N 0 2

- 180°-flip was observed. Since the 1 5N relax-
ation can be attributed mainly to the fluctuation of 
CS anisotropy, the observed T x is approximate ly ex-
pressed as [27] 

— » — ( A u ? 
l + u , 2 r 2 (2) 

where ALO, and r denote the l ine-width narrowed 
by the C S averaging, the 1 5 N La rmor angular fre-
quency, and the correlation t ime of the anionic mot ion, 
respectively. W e assume an Arrhenius- type tempera-
ture dependence of r given by 

r = r 0 e x p ( A ) . (3) 

Fitting (2) and (3) to the observed T { values, w e 
obtained the best-fit ted curve shown in Fig. 5 and an 
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activation energy £ a of 4 2 ± 5 kJ m o l - 1 . F rom the 1 5N 
N M R spectrum with three different CS components 
observed even at 340 K and the temperature inde-
pendent X-ray powdered patterns w e suppose that the 
180°-fl ip of the N 0 2 ~ ion occurs about an axis along 
or perpendicular to the molecular C 2 -axis , which can 
not cause marked changes in the N M R spectra, but 
contr ibutes to the 1 5 N T l . The mot ional m o d e of the 
N 0 2 ~ 180°-flip about an axis perpendicular to the C 2 -
axis is acceptable in a low symmetry crystal structure 
because this m o d e was reported in the monocl in ic 
structure (P2j /c ) phase of K N 0 2 and explained by in-
troducing an asymmetr ic doub le -min imum potential 
[16, 28], 

A 7 Li T j m i n i m u m of ca. 3 s was observed at 
116.64 M H z around 390 K, whi le Tx at 26 M H z 
gave only a shoulder and decreased with increasing 
temperature above ca. 4 0 0 K, suggest ing that two mo-
tional modes contr ibute to the 7 Li X \ . We tentatively 
expressed the observed T x by these relaxation t imes: 

1 _ 1 1 
(4) 

Here, T l h and T 1 H contr ibute in the low- and high-
temperature ranges be low and above ca. 400 K. As a 
relaxation mechan ism, the fluctuation of the E F G at 
the 7 Li nuclei is mos t probable , and hence T { can be 
written by assuming the Debye- type spectrum den-
sity [27] 

Table 1. Motional modes, activation energies (£a), and cor-
relation times at infinite temperature ( r 0 ) determined from 
NMR and electrical conductivity measurements in LiN0 2 . 

Motional mode £a / kJ mol -1 Vs Method 

N O , " 180° -Hip 42±5 1.3x 10 -15 I 5 N TX 

44±3 1.9x 10 -15 7 Li T{ 

Li+ Self-diffusion 40±10 -
7 Li TX 

100±5 - electrical 
conductivity 

Table 2. Comparisons in activation energies (£a) of N 0 2 
180°-flip and cation self-diffusion in M'N02(M' = Li, K [7], 
Rb [8], Cs [10], and Tl [5,6,9]) determined by NMR. (Val-
ues in parenthesis are determined by electrical conductivity 
measurement.) 

Motional £a / kJ mol -1 — 
mode LiNO? KNO2 RbN02 CsNO, T1N02 

180°-Flip 42-44 16.5 - 18.8 12-15* 8.7-11.7 14-17 
Self-dif- 40(100) 60(100) 75 - 140 (100) 33 - 47 (74) 47 (69) 
fusion 

* Energies are for the flip motion with a small angle about the 
anionic C2-axis. 

too few experimental values in the h igh- tempera ture 
range, and also the assumption of the applicabil i ty 
of the BPP-type equation used for the analysis . Ob-
tained motional modes and their activation energies 
are listed in Table 1. 

Conclusion 

I . e . 
1 + u> 2 _ 2 ' 

Li 
(5) 

where C , u;Li, and r denote a constant depending on 
the mot ional mode , the 7 Li Larmor angular frequency, 
and the correlation t ime of the mot ion , respectively. 
Since the slopes of 7 Li Tx observed at (300 - 350) K 
were nearly equal to that of the 1 5N T , , the relax-
ation in this temperature range can be attributed to 
the 180°-flip of N 0 2 ~ ions. Apply ing (3) and (5), 
the activation energy was determined to be ( 4 4 ± 3 ) 
kJ m o l - 1 . On the other hand, the T 1 H is attributable to 
the self-diffusion of L i + ions as conf i rmed by the ionic 
conductivi ty measurement . The activation energy of 
( 4 0 ± 1 0 ) kJ m o l - 1 es t imated by using (3) and (5) is 
much smaller than 100 kJ m o l - 1 , evaluated f rom the 
electrical conduct ivi ty measurement . As possible rea-
sons for this d i f ference in Ea we can presume fitting 
errors in the £ a es t imat ion f rom the 7 Li T{ data due to 

Li+ self-diffusion and N 0 2
- 180°-flip mot ion with 

activation energies of 100 and (42 - 44) kJ mol - 1 were 
observed f rom the electrical conductivi ty and N M R 
measurements . 

In the low-temperature phase of the plastic phases 
of M N 0 2 (M = K, Cs, Tl) a 180°-flip of N 0 2 " ions 
about an axis perpendicular to the C 2 -ax is was de-
tected by dielectric relaxation and N M R studies [7, 
9 - 10, 13 - 16]. The reported activation energies of 
(8.7 - 18.8) kJ m o l - 1 are much smaller than (42 - 44) 
kJ m o l - 1 in L i N 0 2 . On the other hand, the obta ined 
correlation t ime of the 180°-flip at the mel t ing point , 
r m p = 1 . 3 x l 0 - 1 0 s is close to the reported values 
of r t r ~ l . O x l O - 1 0 s in the plastic crystals M N 0 2 

[7 - 10], where r t r is the correlation t ime of the 180°-
flip at the phase transition temperature to the plastic 
phase. These results suggest that, when the f requency 
of the 180°-flip motion reaches ca. 10 GHz , the phase 
transition takes place and an N02~~ ion gets space 
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for the isotropic reorientation. In the plastic phase, 
even if the isotropic reorientation of the N 0 2 ~ ion is 
exci ted, the crystall ine lattice is retained, while the 
L i N 0 2 crystals become liquid. This difference can 
be expla ined by considering that the energies making 

spaces for the N 0 2 ~ isotropic reorientation in M N 0 2 

are smaller than that in L i N 0 2 , as expected f rom the 
dif ferences in energies of the 180°-fl ip mot ion in the 
low-temperature phases. 
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