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1. lntroaucuon 

In a crystal composed of a ·number . of structural groups, ln whleh 

the )ntr~molecular forces are much stronger than the Intermolecular oues; 

there may be a set of_ modes involving a rotatory type of external vibra.- · 

tions and translational ones in which molecular groups participate as, a 
whole. 

Various properties of a solid are in general largely affected by such 

vibration:5 because of their relatively low frequencies as compared with these of 

vibrations of c.:toms within the. groups (internal vibrations). For this reason extel'-' 

nal. motions of the molecular groups in solids are the su~ject of 

much experimental and theoretical Interest. / 

The dynamics of the m~lecular hydrogenous groups (such as 'NH:
4

, 

H2 O, OH3, OH) ln various compounds have been systematically studied in our 15-, · 

boratories by the neutron scattering technique I 1- 61 • This work is a con

tinuation of these studies. 

The experimental material concerning the physical properties Clf 

NH4VO:i is poor. 

The crystal structure of thls compound has not as yet been detef'o. 

mined. The absorption spectrum of NH
4 
vo

3 
in the;; the wave n~ber region_ 

550-6000 cm-
1 

was reported by Miller and Wilkins /?/ withot;t assign

ment of lines'. Richard and Schaefe) a{ studied the dynamics of NHA grd-
. ' . 

ups in ammonium meta-vanadate by the NMR method. These !1Uthors con

cluded from their results that at low temperatures (.20°..K) anynonium Ions. 

probably perform torsional vibrations. 

ln view of this fact it seemed Interesting to perform an lnvesti·gaUon 

Of the dynamics of NH4yo3 by the Inelastic neutron scattering method •. 
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It, should be pointed out that by uslng -the INS• method Jf is possible to 

obtain direct informalion About the motWna- of the ammo~ ions owb2g 

to the large incoherent proton crosa;seetion and to the lack of selection 

rules. Since most of the scattering in NH4 vo
3 

is from the protons. the 

inelastic scattering will primarily reflect the rotAtional and translatlonal 

- motions of the hydrogenous groups. 

2. Experlmental techh.l:que 

'nle measurements of inelastic neutron scattering on NH
4 

V0
3 

were carried out using a tline of fl.lght neutron spectrometer with Be.-fil

ter and Zn-monocrystal in front of the detector. A deta.lled d~scrlptlon · 

of the spectrometer has been published elsewheri 9~'10f. . 

Polycrystall1ne NH4vo
3 

(reagent . grade) was packed in a thin 

walled BJ.umlnlum sample-holder. 'l'he sample thickness was ca 1 mm. 'l'he 

~~surements were made at :room temperature ( 18 !... 2°C). A separate· 

- run was made with ~ empty sample holder in order. to estimate its cotl-o 

' trlb,ution to the observed spectra. 

3. Results ahd dlseusslon 

. Fig. 1~ presents ·the intensity distribution of neutrons scattered !rom 
. . 

polycry~talllne NB4;V<;>3 .at room temperature as a function of the ahaly5el*' 

channel number 1.e. as a function of time .of flight. 'nle data have been 

corrected for background, sample-holder contributions, and other instrumen

tal effects. 

. Fi~. 2 presents a function p(f) (see part :i:) cBJ.culated from. the- Jn

tensity distribution ·of scattered neutrons presented in Fig.. 1 in the on. 

phonon incoherent approxhruillon wlhout 'talclng. 1itto account . the resolUtion . ' 

of the spectrometer and with the· assumption that ·the De bye-Waller factor 

iS equal 1. 

-DiSh-ibutions obtained for NH 
4 

V0
3 

( F.lgs. 1, 2) are strlklngly simll~ 
· to those obtained for other ammonium sBJ.ta Jn which NH 4 ions execu!Et 

torsional oscillations• 
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'l'here are present three well- defined p~ at energies: 46, 38, and· 

29 mev. corresponding tb freqUencies- 371,' 3o6.s, -234 cm.:.. 1 . ~espectively 
and two shoulders· ~t higher energies. · 

. I . 

. , The sharp, intense peak at 371 crii'1 is no doubt caused by torsi-

on;u ·oscillations- of NH
4 

ions. Its frequency is somewhat higher than ln 

the case 'of ammonium chloride ( 359 cm- 1 ), which suggests that the rota.
tionaiJreedom of NH4 ions is gredter in NH4 Cl than in NH4vo3 • 

<Aving to the unknown crystal structure of NH4yo
3 

as well as to a 

lack. of ddta concerning temperature dependence of the neutron spectra. 

it ·is difficult to give ~actory interpretation of the second peak at 

fre~uency 306.5 cm- 1 ( AE • 38 meV). A possible one is that it is asso

ciated . with a second torsional band. In this. case, sets of ammorlium Ions · 

~ith different environments shouls exist in the crystal lattice of NH
4 
V0

3, 

simll~rly as in, (NH
4

) 2so4 and NH4 N03-. 

Another p_ossiblllty is that it arises from the excitation of the firSt ' 

to the second excited state. However, taking into account the considerabl~ 

difference between the .(requencies of the "ground" torsional peak ( 0- 1) 

and the "excited" one ( :1- 2) which suggests thaf the anharmonic effects 

in NH
4
vo

3 
would be much greater than in NH4 Cl, the second possibility 

seems to be less probable than the first. 
' 1 

The peak at 29 meV ( 234 crr1 ) is connected with lattice modes 

involving translational vibrations of ammonium ions agairlst neighbours • 

Shoulders at hlgh~r energies are (probably) combinations bands. 

The results discussed above provide good evidence that ~onitmi' 

-ions in NH
4 
vo

3 
perform, up to room temperature, torsional oscillations with 

- 1 l 

·frequencies 371 and probably 308 em • 

From the known frequencies one may easily estimate the' height bf 

the potential barriers for torsional oscillations of molecular groups by 

m~ns of an empirical reJationship given by Yoshito. Satd 11/ ~ . 

V -..0,64 -0. 016 X 1Q-2v + 0,31 X 111 4~,::t0,27 

where V - barrl~r height in kcal/ mole, 

. -1 
v - frequency 1n ern • 
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The results of the calculation are: 

V • 4, 7 kcaJ./ mole, from frequency of the main torsional peak, 

V • . 3,5 kcaJ./ mole, from frequency of the second torsional peak, 

We express our thanks to Prof. E.L. Shapiro, Prof, JA Ja~ and 

Doc, J.M. Janik for their kind interest and discussion and to Mr • W.Oleja.J~-

czyk for his help the measurements. • 

References 

1. A. Bajorek, w.w., Golikov, I. Zukowska, E.L.Shapiro, A. Szkatula, 

· J.A.- Janik, Proc. of Symposium "Inelastic Scattering of Neutrons in 
Solids and Liquids" Vol, I,. p. 383, IAEA, Vienna 1963, 

2, J.M. Janik, J.A. Janik, J.M. Mellor, H. Paleysky, J. Phys, Chem.Solids, 
~ 1091 ( 1964). 

3, A, Bajorek, 'I' A Matchekhina, K, Parlinski, Proc, of Symposium "Ine-;.. 
Iastic Scattering of Neutrons" Vol II, P• 355 IAEA, Vienna 1965. 

4. Bajorek, Doctoi-'s thesis, Math. Phys. Chern. Faculty, Jagiellonlan Uni
versity, Cracow 1965. 

5. J.M. Janik, J.A. Janik, A. Bajorek, K. Parlinski. Physica Status Solidi, 
2..1 9o5 I 1965/. 

6, K, Parlinski, Doctor's th·esis, Math, Phys, Cpem. F'ficulty, Jagiellonian 
University, Crc.tcow 1966, 

7, F.A. Miller, G.I;I. Wilkins, Anal, Chern., 29 , 1253 ( 1952). 

8, R,E. Richards, ·'I',S, Schaefer, Trans, Faraday Soc., g 210. ( 19'61). · 

9, A. Bajorek, 'I'.A. Matchekhina, K, Parlinski, F, L, Shapiro, Proc, of 
Symposium "Inelastic Scattering of Neutrons" 1 Vol. II, p. 519

1 
IAEA, 

Vienna 1965. 

10, K. Parlinski, M. Sudnik- Hrynkiewicz, A. Bajorek, J.A.· Janik, 
w. Olejarczyk, Proc, of Panel on Research Applications of Repe
tively- Pulsed Reactors and Boosters, Dubna, July 1966, 

11, Y. Sato, J, Phys, Soc, Japan,~ 275 ( 1965), 

Received by Publishing Department 
on November 24, 1966, 

6 

., 

.j 

~ ~3 

i 
~ 

.1 s;· ~2 

e 
/1 
] 
• .XH 

0 

~~ 
t•I6"C 

Nx6~,-c 
Clwnncl number 

Fig; 1. The intensity of neutrons scattered from crystalline NH vo
3 

at 
room tempert1ture, as a ftmdion· Of the analyser channef number, 
Channel width 64 flli'>ec, 
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Fig, 2, The p(t) function for NH4 V03 at room temperature obtained on 
the basis of data of Fig, 1, 
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