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1, introduction

In a crystal composed: of a ‘number of structural groups, in which
the intramolecular forces are much stronger ‘than the intermolecular orss,
- there ~ma:y be 'a set‘ of modes ”involving a rotatory type of external vibra- .

tions and tra.nslatlona.l ones inwhich molecular groups participate - asra
whole, ) ’ - ‘
Various properties of a- solid are .in general largely affected by éui:h
vibrations because of their relatively low frequencies as compared with these of
’ \/ibr:ations of atoms within the groups ( internal vibratlons). For this reason exter
nal, motions of - the  molecular groups in solide are the subject of ‘
© much experimental and theoretical interest, . o s
/ . The dynamics of the molecular hydrogenous groups (such as NH
H, O, OH,, OH) in various compounds have been systematically studied in our 15., )

| 1~6/

boratories by the neutron scattering technique . This work is a con-

tinuation of these studies, . :

The experimental materlal concerning the physical prOpertles af
NH VO is poor. .

The crystal structure of this compound has not as yet been det)er\-
mined, The absorption spectrum of NH V03 in the the wave nu.mber reglqn
550— 6000 cm, -1 was reported by Miller and Wilkins 17 thhout assxgn—

: ment of lmes. Richard and Schaefer/ 8 studied the dynamics, of NH grd-

ups in a:rmonium metavanadate by the NMR' method, These authors con- -

cluded from their results that at low temperatu.res (20 _K) ammoruum ions.
probably perform torsional vibraﬂons.

' . In view of this fact it seemed Interesting to perform an lnvesﬂga.ﬂon
of the dynamics of NH VO by the Inelastic neutron scattering method .
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'It should be polnted out that by wsmg the INS: method 1t is possible to

obtaln direct information sbout the motions of the ammonmm jons owing

" to the large incoherent proton cross-—seetton and fo the lack of selection -

rules, Since most of the scaltering in NH VO is -from the protons, the
inelastic scattering’ will primarilty reﬂect the rotat.lonal and t'anshuoml

- motions of the hydrogenous groups.

v

2, Experimental techhique

/

The measurements of Inelastic neutron scatfering on NH VO,

were carried out using a time of flight neutren spectrometer with Be-fjl-

‘ter and Zn-monocrystal in front of the detector, A detalled descrlption'

of the spectrometer has been published. elsewhere’ 9'10,'
Polycrystalline NH,V " 03 (reagent .
walled aluminium sample-halder, The sample thickness was ca 1 mm. The

measurements were made

" run was made ‘with an empty sample holder in order to estlmate its con-

E to t.hose obta.lned for other ammonium salts in which N'H

-polycrystalline
1

. tribuuon to the observed spectra,

~ 3. Results - anhd’ disecusslon

) '.Fig. 1+ presents the intensity d.l_stribuﬂon of neuirons scatfered Irbm‘

tal effects.

Fig 2 presents a function p(;) (see part 1) calculated from the in-
tensity distribution ‘of scaﬁered neutrons presented in Fig, 1 In the one

phonon incoherent approximation wihout taking into account the resoluuon . :
» of the spectrometer and with the aasumption tha.t the Debye-Waller factor .
\15 equal 1, i

Distributlons obta.ined for NH vo3 (Fjgs 1, 2)are strikingly sxmuar

torslona.l osclillations;

grade) was packed lnathln':"

_ at room temperature (18 + 2 °c). A sepamte‘

NH4V03,51{_ room temperature as a function of the analyser’
. channel number e, as a function of time of flight. The daia have been
: . corrected for ba.ckgrpund, saxﬁple-holder confributions, and other lnstnnnen-
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’ and two shoulders’

. wlth di.fférent environments shouls exist

where

/

’I‘here are present three we]l—defmed peaks at energ.les 46 38, and»y
29 meV correspondi.ng to frequencxes 371, 306.5, 234 em 1 respectxvely

at hlgher energles.

o The ‘sharp, intense peak at 371 cml is no doubt caused by torsi-

ona.l oscillations of NH, ions. Its frequency is somewhat higher than j.n_
the case of ammonium chloride (359 cm 1), which’ suggests that the rota-
tional freedom of NH jons is greater in NH Cl than In NH VO

‘ meg to the u.nknown crystal structure of NH VO as weu as to a

. lack. of data concerning temperature dependence of the neutron spectra, o
it is du:ﬂcult to g,ive satisfactory interpretation of the second peak at '

frequency 306,5 cm’ "1 (AE = 38 mev). A possible one Is that it is asso-

- ciated . with a second torsional band, In this case, seis of ammonium fons’

in the crystal lattice of NH 4:VO3,

sumlarly as in (NH,),SO and NH,NO_,

. ‘Another possibility ls that it arises from the excitation of the first’

to the second excited state, However, taking into account the conslderable

difference between the frequenues of the "ground” torsional peak (0— 1)

“and the "excited" one (1-2) which suggests that the anharmorﬁe effecis

in NH VO3 would be much greater than in NH Cl, the second possxbillty
seems to be less probable than the first,
The peak at 29 meV (234 cm 1) is connected with lattlce
lnvolving translational vibrations of ammonium jons agalnst nelghbou.xs
Shoulders at higher energjes are ( probably) combinations bands,

The results discussed above provide good evidence that ammonliomm’ o

- jons in NH 4VO3 perform, up to room temperature, torsional oscillations with

1 '

‘frequencies 371 and probably 308 cm ", . o

From the known frequencies one may easily estimate the helght of

the potentla.l barriers for torsional -oscillations of molecular groups by :

means of an empu'lca.l re;atlonsh1p gwen by YOSh.ltO\ Sato/ 11/
N hY

i

V =064 - 0016:10“lv+031110"‘v"+027
YV ~ barrier helght in kcal/ mole,

-1 \
v - frequency in cm ", .

‘mades .
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The results of the calculation are: . C - e T v : ' . -

s
N

V = 4,7 kcalf mole, from frequency of the main torsiona.l peak, . g
Vo 43.5 kcalf mole, from frequency of the second torsional peak,

NH Oy
[te18C
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