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ABSTRACT 

Quasielastic neutron scattering experiments have been performed on simple 
molten alkali metal nitrates, RbN03 and UNO3. The experiments were carried 
out by the medium resolution inverted geometry spectrometer LAM-40 at KENS 
neutron scattering facility in Japan. The measured spectra are composed of 
narrow and broad quasielastic spectra. We assigned that the broad component 
corresponds to the fast intra-ionic motions in a nitrate ion. From momentum 
dependence of integrated intensity for this component it is found that the motion 
of nitrate ions in RbN03 melt is mainly the librational one centered C3 axis on 
the ion. On the other hand the intra-ionic motion in UNO3 is the librational 
motion centered C3 axis on the nitrate ion which amplitude is smaller than in 
RbN03 melt. This fact shows that the motion of nitrate ions in UNO3 is 
restricted strongly by surrounding cations. 

INTRODUCTION 

Quasielastic neutron scattering is a unique technique for the study of the diffusive 
motions for molecules. It provides both dynamical and geometrical information. The 
geometrical information is mainly included in coherent scattering, but little studies have been 
reported about coherent quasielastic neutron scattering. In this study we measured the 
quasielastic scattering for molten RbN03 and UNO3. In them neutrons are almost 
completely coherently scattered by a nitrate ion1). We analyzed the coherent quasielastic 
neutron scattering data for evaluating the intra-ionic diffusive motion of a polyatomic nitrate 
ion in molten salts. 

In alkali metal nitrate systems only nitrate ions have intra-molecular structure. So intra
molecular motions like molecular rotation are restricted to them within the nitrate ions. The 
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ABSTRACT 

Quasielastic neutron scattering experiments have been performed on simple 
molten a1kali metal nitrates， RbN03 and LiN03・Theexperiments were carried 

out by出emedium resolution inverted geometry spec汀ometerLAM・40at KENS 

neutron scattering facility in Japan. The measured spectra are composed of 

narrow and broad quasielastic spectra. We assigned白紙 thebroad component 
corresponds to the fast intra-ionic motions in a nitrate ion. From mom巴ntum
dependence of integrated intensity for this component it is found白atthe motion 

of nitrate ions in RbN03 melt is mainly the librationa1 one centered C3 axis on 

山eion. On the other hand由巳 intra-ionicmotion in LiN03 is白eIibrationa1 

motion centered C3 axis on the nitrate ion which釘nplitudeis sma11er than in 

RbN03 melt. This fact shows白紙 themotion of nitrate ions in LiN03 is 

restricted strongly by surrounding cations. 

INTRODUCTlON 

Quasielastic neutron scattering is a unique飽chniquefor the study of the diffusive 
motions for molecules. It provides both dynamical and geometricaI information. The 

geometrical information is mainly included in coherent scattering. but little studies have been 

reported about coherent quasielastic neutron scattering. In this study we measured the 
quasielastic scattering for molten RbN03 加 dLiN03・Inthem neutrons are a1most 

completely coherent1y scattered by a nitrate ionl). We analyzed山ecoherent qu部 iel酪 tic

neutron scattering data for evaluating the intra-ionic diffusive motion of a polyatomic ni汀ate

ion in molten salts. 
In alkali metal nitrate systems only nitrate ions have intra-molecular structure. So intra-

molecular motions like molecular rotation are restricted to them within the nitrate ions. The 
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rotational motions of molecules depend on nonspherical steep repulsive force from their 
neighboring ions in ionic liquids. Then the difference of microscopic surroundings around the 
nitrate ion appears in its intra-molecular motions. From this point of view we have chosen 
simple alkali metal nitrates, RbN03 and LiNC>3 , because of the difference of their cation size 
between them. 

EXPERIMENTAL 

Commercial RbN03 powder (Soekawa Chemicals, Tokyo; 99%) was used in this study. 
Isotopically enriched 7LiN03 was prepared from 7LiOH (98.2 atomic% 7Li enriched) and 
commercial aqueous HNO3. They were handled in vacuum or dry Ar gas atmosphere because 
of their hygroscopic natures. After drying in vacuum at 100 to 150 °C for one day, the 
powders were sealed into aluminum metal double cylindrical containers for neutron scattering 
experiments under a dry Ar gas atmosphere. The container was of 14 mm in outer diameter, 8 
mm in inner diameter and 80 mm in height. During the inelastic neutron scattering 
experiment the container was held in an aluminum vacuum furnace. Experiments were carried 
out in the temperature range of 340 to 460 °C for RbN03 or 270 to 400 °C for UNG3. 

The neutron scattering experiment was performed on the medium resolution time-of-
flight (TOF) spectrometer LAM-402), which is installed at the KENS pulsed neutron 
scattering facility (National Laboratory for High Energy Physics, Japan). On the inverted 
geometry spectrometer, pyrolytic graphite (PG, 002 reflection) is normally used as neutron 
analyzing mirrors. Under this operation mode, the energy resolution is about 200 |ieV at 
elastic scattering position and the momentum transfer can be measured the range from 0.2 to 
2.6 A"*. The LAM-40 has another set of analyzing mirrors using Ge 311 reflection. When 
the Ge mirrors are used, the energy resolution is about 900 (leV at elastic scattering position 
and the momentum transfer can be measured the wide range from 0.4 to 5.1 A"'. The Ge 
mirrors are suitable for investigating fast diffusive motions in a restricted space such as intra
molecular motions, because such motions show a broad quasielastic spectrum persisting into 
the high momentum transfer region. Multiple scattering correction^) was made to the 
observed scattering data by PG mirrors to obtain the dynamical structure factors S(Q,(a) at the 
temperatures mentioned above. 

RESULTS AND DISCUSSION 

Figure 1 shows the dynamical structure factors S(Q,co) for RbN03 and LiN03 
measured by PG mirrors. These 5(G,co) were measured at 21 scattering angles between 13 
and 120° . These figures show that modest undulations can be observed in the Q dependence 
around sharp quasielastic spectra. This suggests that the momentum dependence of the fast 
intra-ionic motion is existing in both systems. 

We separated intra-ionic correlation and inter-ionic correlation on a quasielastic neutron 
scattering spectrum in the S(Q,(a). Diffusive motions in metal nitrate melts are classified 
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elastic scattering position and出巴 momentumtransfer can be measured the range from 0.2 to 
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the Ge mirrors are used， the energy resolution is about 900μeV at elastic scattering position 

and the momentum transfer can be measured the wide range from 0.4 to 5.1 A -1. Th巴Ge
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the high momentum transfer region. Multiple scattering correction3) was made to the 

observed scattering data by PG mirrors to obtain the dynamical structure factors S(Q，ω)創出e

temperatures mentioned above. 

RESULTS AND DISCUSSION 

Figure 1 shows the dynamicai structure factors S(Q，ω) for RbN03 and LiN03 

measured by PG mirrors. These S(Q，ω) were measured at 21 scattering angles between 13 

and 120. . These figures show白紙 modestundulations can be observed in the Q dependence 
around sharp quasielastic spectra. This suggests that the momentum dependence of the fast 
intra-ionic motion is existing in both systems. 
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scattering spectrum in the S(Q，ω1). Diffusive motions in metal nitrate melts ar巴classified
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1. Dynamical structure factor S(Q,a>) of (a) molten RbN03 measured at 340°C 

and (b) molten UNO3 measured at 270X, by using PG mirrors. 

according to relaxation time scales. We consider that the intra-nitrate ionic motion is a 
rotational motion and the translational motion of a nitrate ion is diffusion of center of 
gravity of each ion. The latter has inter-ionic correlation. Usually the intra-ionic motion 
(characteristic relaxation time = 10" *3 sec) is more rapid than the inter-ionic motion 
(characteristic relaxation time = 10"̂ 2 sec). Therefore the intra-ionic motion is thermally 
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Fig. 1. Dynamical structure factor 8(0，ω} of (a) molten RbN03 measured at 340 "c 

and (b) molten LiN03 measured at 270"C by using PG mirrors. 

according to relaxation time scales. We consider that t;-.e intra-nitrate ionic motion is a 
rotational motion and the translational motion of a nitrate ion is diffusion of center of 
gravity of each ion. The latter has inter-ionic correlation. Usually the intra-ionic motion 

(charac臼risticrelaxation time = 10・13sec) is more rapid白組曲einter-ionic motion 

(characteristic rel鉱 ationtime = 10・12sec). Therefore the in回 .-ionicmotion is thermally 
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averaged out in the time scale of inter-ionic motion. It is generally assumed that there is no 
correlation between translation and rotation of each ion. Furthermore it is supposed that 
nitrate ions rotate independently from one another. Based on the assumptions described above 
the dynamical structure factor S(Q,(o) is written as follows4): 

s ( Q . « ) = S i: n_ i 0„(Q,a J) + W i - ( Q , W ) ,(D 

where Strion-ion(Q><») *s t n e coherent dynamical structure factor contributed from the inter-
ionic correlations of three different kinds of pairs, i.e. cation-cation, cation-anion and anion-
anion, and 5N03-intr3(Q.co) is the dynamical structure factor for intra-nitrate ionic motions. 

Following the above consideration, Eq. (1) is empirically fitted to a model of Lorentz 
functions; 

s(Q,co) = ( ' - " ) 
P,62 

0)2 + m + A D2Q2 

co2 + {*&) 
,(2) 

5. T5T 
w(meV) 

(b) 
Fig. 2. Quasielastic neutron scattering spectra of molten RbN03 at 340 °C. (a) 

Spectrum measured by PG mirrors at 0=1.74A"1; solid line represents the 
fitting result consisting of narrow (dotted line) and broad (broken line) 
quasielastic components, (b) Spectrum measured by Ge mirrors at 0=2.53 
A" 1 ; solid line represents the result fitted to broad quasielastic component. 
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Fig. 2. Quasielastic neutron scattering spectra of molten RbN03 at 340"C. (a) 

Spectrum measured by PG mirrors at 0=1.74 A -1; solid line represents the 
fitting result consisting of narrow (dotted line) and broad (broken line) 

quasielastic components. (b) Spectrum measured by Ge mirrors at 0=2.53 
A -1; solid line represents the result fitted to broad quasielastic component. 
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where A, D\, and £>2 are the parameters decided by a least-squared fitting. The first term (D\ 
term) in Eq. (2) corresponds to narrow component in the spectrum describing the inter-ionic 
correlation. The broad component for intra-nitrate ionic correlation is represented by the 
second term (D2 term) in Eq. (2). 

Figure 2(a) shows that the model function Eq. (2) gives an excellent agreement with the 
experimental spectrum obtained by PG mirrors. Two Lorentzian components are shown in 
Fig. 2(a). The broad one corresponds to the intra-nitrate ionic motion and the narrow one the 
inter-ionic motion. An example of fitting the model function to the spectru-n obtained by Ge 
mirrors is shown in Fig. 2(b), where we have fitted one Lorentz function to the broad 
component of spectrum. This Lorentz function refers to the intra-nitrate ionic motion. 

The momentum dependence of energy-integrated intensity for broad component in 
spectrum is shown in Figure 3. The intensity hus characteristic momentum dependence in 
oscillation. This feature comes from lime correlations of atomic sites varied by the intra-
nitrate ionic motion. 

In order to explain the intra-nitrate ionic motion, we use rotational jump diffusion 
models^), assuming that nitrate ion is a rigid one and its shape is a regular triangle. The 
center of gravity of a nitrate ion is on the nitrogen atom. Therefore we consider only the 
scattering from oxygen atoms when calculating the rotational motion of nitrate ion. Let us 
consider rotational jump between two equivalent sites, m and n, of oxygen atoms around the 
nitrogen atom. The neutron intermediate scattering function /(Q,/) can be evaluated. 

/ ( Q , ,) = /exp(i Q . r (r)) • exp(- i Q . r (o) ) \ 

= i i / > ( m , ; ; « , 0 ) - / ' ( « , 0 ) x i e x p ( i Q ( r ; „ - r t „ ) ) . ( 3 ) 

where P(m,f,n,0) is the probability that the nitrate ion is found at site m at time t under the 
condition that it stayed at site n at t=0. P(n,0) denotes the probability that a nitrate ion is 
found at site n at t=0. Now considering the equivalent two site model, P{n,0) is equal to 1/2. 
Mark j or k shows each oxygen atom in the nitrate ion. The tjm and r^j denote the oxygen 
positions on the site m o r n respectively. The probability P(m,t;n,0) can be get easily by 
solving rate equations. Finally we obtain following equation: 

( Ot^ 
/(Q.f) = A)(Q) + A ( Q ) - e x P (4) 

Calculating the time Fourier transformation of time dependent term in /(Q,f), the 
scattering law for rotational motion of a nitrate ion can be written, 

W . - f M - M Q ) - 1 - 7 - ^ , ( 5 ) 

3 v ' K ' re 4 + ca2t 
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correla.tion. The broad componenl for intra-nitrate ionic correlation is represented by the 
second term (D2 term) in Eq. (2). 

Figure 2(a) shows that the model funclion Eq. (2) gives an excellent agreement with the 

experimental spectrum oblained by PG mirrors. Two Lorentzian components are shown in 
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収.r)= (ex咋Q. r( t)) . e叫 iQ 刷))
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where P(m，t;n，O) is the probability出atthe nitrate ion is found at site m at time t under the 

condition that it stayed at site n at t=0. P(n，O) denotes the probability出ata nitrate ion is 
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Mark j or k shows each oxygen atom in the nitrate ion. The rjm and rkn denote the oxygen 
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I(Qい . (4) 

Calculating the time Fourier transforma1Ion of time dependent term in I(Q，t)， the 

scattering law for rotational motion of a nitrate ion can be written， 

い {Q，ω)=Al(Q)jz三平 ，(5) 
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where A\(Q) is the term that shows the correlation between site n and site m. Ai (Q) can be 
calculated by assuming the nitrate jump sites centered around nitrogen atom. 

Calculating A ] (g) models are drawn by a solid line and a dashed line for comparison 
with the integrated intensity of intra-nitrate component in Fig. 3. The model (a) (the solid 
line) was calculated from the rotational two sites jump motion at a suitable angle with both 
sites centered around C3 axis on the nitrate ion. The model (b) (the dashed line) means the 
librational two sites jump motion centered around C2' axis. The Q dependence of energy-
integrated intensity seems to be close to model (a). We have attempted to calculate another 
models having different angles between sites or various equiangular sites. However, the 
model (a) gives a most reasonable result, which implies that a nitrate ion in RbN03 melt is 
subjected to the rotational vibration centered around C3 axis on the ion. MD simulation 

indicates that R b + ion is located on the plane of nitrate ion^). Such a location of Rb + ions 
hinders the librational motion around C2' axis and allows the rotational motion around C3 
axis. 

0.4 

a 

0.2 

0, 

° PG MIRROR 
* Ge MIRROR 

Q(A"1) 

Fig. 3. Momentum dependence of energy-integrated intensity for broad component 
of molten RDNO3 at 340T:. Solid line (a) represents A-\{Q) calculated from the 
rotational two sites jump motion centered around C3 axis with 6=20" . Broken 
line (b) represents A-\(Q) calculated from the librational two sites jump motion 
centered around C2' axis with 6=45' . 
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Fig. 3. Momentum dependence of energy-integrated intensity for broad component 

of molten RbN03 at 340OC. Solid line (a) represents A1 (Q) calculated from the 

rotational two sites jump motion centered around C3 axis with 0=20・.Broken 

line (b) represents A1(Q) calculated from the librational two sites jump motion 

centered around C2' axis with 0=45・-
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Fig. 4. Momentum dependence of energy-integrated intensity for broad component 
of molten RDNO3 at 340 °C and UNO3 at 270 °C. Solid line represents the 
calculated A-\{Q) from the rotational two sites jump motion centered C3 axis 
with 6=20° . Broken line represents the calculated A-\{Q) from the same 
motion with 8=14' . 

A contrast between the intra-ionic motion in UNO3 molt and in RbN03 melt is shown 
in Figure 4. In either case the oscillating feature dose not change, namely, the nitrate ion 
moves within the framework of moving around C3 axis on the ion. However the nitrate 
motion in LiN03 is the librational motion which amplitude is smaller than in RbN03 melt. 
This fart shows that the motion of nitrate ions in LiN03 is restricted strongly by surrounding 
cations. 
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