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The Ramau spectlum of Nl(N()«z)g b\*k{ CI‘yStul is taLen with the view ‘of

0(~whrch a peculiars behavlor 9 sugg ested by X-ray analyﬂls One. lme ia found
. b 985:0m7L - Thig resuls and: the Sphtuug of the Vs ~1050 em™1 line. into a
doublet l;; Cu(‘\I03)g 3H20 and Cu(NOq) 6K 50 Crystﬂls,f‘)‘bﬁerw d-by Ananthakri-
shnan aro dlscussed from thq vxewpomt 0[ tha two- ml 1mum problem smniar
‘to the ﬁHs mOIECule :
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Lpn '(qugstlg&tlonS 1‘;% In almoat all casw” tho spectrgm s,ho.w»s_ an
intense line at ¢a: 1030 em~ due to the symmetric vibration V,-of the
4plane bNOx}2 grmlp, au;i,ktwo waakws lmes at pn.;720 ;and 4 )0 em™t
uue to the Ly W, d(\uble degenf;rat& vibratmn;s Yo, ,,a,t;\i V.. In a. fe,gv
'caseis th? lattar two‘hw ’ anto oublets The explana.
«ion ot this dosﬁ)hngkx not certam It ~does not 8, to;}ie the
_removal of the Dgh symmetly by crysm} held_alone, io ihe doublwg
s sﬂsn ioun 3

1th SO‘llthDS m some Lasas Apart from these ﬁo bl-

mgs howevm t; be spect a oi the VBI‘IOHS nnrates dlﬂer compara vélv
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Except for the cases of Cu(NO, ), '3H ;0:and Ce(NO; ), 6H,0 in which
the 1, line become @ doublet with a separation of'28and 10~ respe-
ctively as obseived by Ananthakrishnan?, one may conclude that the
effect of the crystal field on the inner vibrations of the NO, ion is in
general relafively small. - The -expianation ofthe, daubling of v, in
the two. crystals: mentjoned above is.not so obvious; it: may perhaps‘
bc connpecied with the eiiect/oi crystal field as discyssed-below. -

The prcsent study lS an attempt t6’ mvéstxgate the etfect oi
‘crystal field on the NO, 1on in the Nr(NO s GNH crystal a problem
of specml mterest tor the iohowmg rcason X-ray analysu oI the
crystal shows that e cryStal rs cubrc wrth the Ni atoms at the
'qlternate coiners of & cu be one octant of the umt cell) so as to torm
a rcgular tet[rdhedron, NH groups are attached to each Ni atom
dlone the - dges oi thc cube, and that the possable symmetry deduceﬂ
i orr tne X-rsy pattern is not consrstent wrth the N(J;lgroup beh v‘mg
norn aily truhe cell®, Furthermore, thc X ray photograph ahow that
the reﬂectrons are Weak and driiute indrgatmg enormous amphtudés
‘01 heat motron Thrs mconsrste,ucy “of the NJ group wrth t,he
SYH rretry ot the crystal is thought by Yi to’ ‘be due to the pOSSlblhty
oi the pfanar NO group to oscrllate among the iour posrtrons of
cquif brium ior the trlan‘gular NOg in the tetrahedrai he}% ’ fIfhcse
oscﬁlatrons ac o'unt at the saide tnne for the "heat mottons , ment-
Joned .8 above. \":F‘Erther atudy of the crystal at l'iqurd arr temperature
Lr]eizeagl“ an‘i”fxcrease in the mtensrty aqd sharpnesl of’ thc reﬂectrorrs,
fndroatrng a groa“t dlmmutron of the "thermal mQtron or p b 'lfy
iree‘zmg up of the NO, m one “of the 4 taces ofa tetrahcdron at the
cenptnrleilot the ciibs. (\he‘x‘eafter rerierred‘t’o Efrirjpfxy as the tetrah‘edron)
Ii theue éxplanatrons are correcc it seerﬁs that the eﬂebt of the crystal
m;d von the NO} yron 13 conérder fe in. tin? chsg and 1t would be oi
e ' €st to study the effect oi*‘fhe Crysté] fleld on the
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NO, 'ion ‘by‘me‘apsp{“the ‘Ilamanjeffect, “With this view the present
study  is ur}derjt,pken VLo REREN ‘

E\PE RrMmuL ;

:The Nr (NO,) > BNH crystals are prepared by\ adding concentrate
NtL, grlation to & saturated solution’of Ni (NO,),inwater. and grown
to approximatély 1—2 'mm in liriear dimeénsions. As the/only-available
Hg arc. rs straight -one (a General Electrrc UV are with oxide coated
hlament electrodes and operated on a, g. ) two arrangments are
!ma\ly adopted toget as, much radlatron onto the crystals as. possible
fmm tht arc In one arrangement the Raman ”tube is made by
cementmg rrghtang ed p1 rsrna on mrcmscope shdes as shown in Fig, 1.
The arc is Tun ht 3. 8 amperes (rated at 4 amperes) and is cooled by
an electrrc {an 80 as to reduce the ratier strong contmuous background
’I'hrs coolmg reduces the mtensmes of the mercury hnes at the same
time and’ brmgs out the hnes ol the "red spectrum" o! the argon for
star{m{‘z the arc The ragllatron is filtered by a 5 mm thrc.mess of a
concemrated solutlon ol rodme in LCl to clear the regrou to the lorrg
waveJIeng h ;1de/01 4047A Thrs frlter is cooled by a water ‘cell which
is Placed as' close to the arc ns practrcable in snother arrangomem.
A ﬁaman tube o{ the conventroual type of 1 cm mner dlameter. ls

spectrogrgpﬁ havrinda reIatrVe aperture of 110 and a mpersron oi
about 10'A per mm at 4358A Expo;ures oi 100 150 200 hours, with

) ) BT¢ a(fe Kpdak port)ralt tilm and Iliord selo-
portrart plate [ Whrch are the only photographlc ‘material
available ‘here).  As no source of “direct corrent is' &vailable for
operating an iron are, the argon lines of the Hg arc itself are taken as
standards for wave-length measurements. On four separate lates; only
one line at ca, 985 cm~! excited by 4047A is found, Thrs line is
shown to be absent in the spectrum oi the Hg are by ‘¢control exposures,
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and is hence believed to be a gentuine Raman line, Attempts to exite
‘the spectrum with 4358A by employing a moderately concentrated
solution of iodine in CCl, as filter have not been successful,
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The result is rather unsatisfactory in that only vne line is found
while a complete spectrum is necessary for a discussion of the problem,
But as the arc and the spectrograph are rather inefficient affairs,
longer exposures of the order of a few hundred hours will not yield
additional information: concerning the weaker lines  that have not
come out a'ter-200 hours of exposure. Smce better eqq;pment probably
will remain unavarlable Ior a long trme to come on account of the
war conditions, it is thought Justrhed to report thlS preliminary result
and a discussion based on it. } { :

From X-ray studies, it seerit that in NI {NO;), 6NH,, any two
positions of equilibrium of the-NO, ion in the cube (correspondmg to
any two faces of the tetrahedron) afre separated by a potential barrier
whose height is of the order of kT~200 cm-! since the oscillations
from one to another of these faces are frozen at liquid air tempeiature:
Now two situations may arise: (A) U the effect of the crystal field
on the N atom"is Very small s0 that the tetrahedral field is félt mostly
by the O atoms, the - No, will remain a plane structure which either
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swings amoeng the {eur positions of minimum energy corresponding to
the 4 faces of the tetrahedron, or remains-in one of them, according
as the potential:barrier separating two of them is less'or greater than
kT. In either case the inner vibrations of NO, will show comparative-
ly little change compared Wlth the iree ion. In Fid. 2a are shown
schematically the pofentlal { uigh tums Jor the symmetrical vibration

v, (s) and the antisymm ‘J‘Bratyon v (a) of a free NO, ion.

-Hare r denotes the N O dmtance [ 7. thg equilibrium value of r in
the planar NO,, ani z the chsplacement of the N atom {rom the plape
‘of the O atoms, I the (‘:ryalal heldA()n the IV atoin 18 small, its clfeci
will be 10 superpose a quau() al trough on the curve I/ (z) at
a dxstance k. on Yot siacs oi'tlip lane of the O atoms, wheie i,
the distance from 'Lhe Centre to%hc faces of the tetrahedron. luls
uorrespmds to a very weak relau inuium in the energdy when the
N atom is st the centre and’ thed ms aie at the corners of the
tetrahedron, 'The erystal field also brmga about a slight change in
the potential ¥ (r). -Asaresult, the frequency b, miay unuetgo a
stoall shift from th . value ~~1050 cm~! while v, remains inactive
in the Baman eilect. This situation is indicated in Fig. 2b.
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(B) On the other hand, .if the effect of-the crystal field.on the
N atom is comparable with the inner ‘potential tield of. NO,, then, on-
accq_;mt of the  tetrahedral: symmetry,. the: .position 6f lowest enerdy
of the N atom ‘will be-at the centre, while:that of <he plane of the Q.
‘atoms: wili be’in- one of the- faces-of: the tetrahedron, “This superposl- )
tion of :the -crystal: field onthe:inner field of NOg | distprts:the:NO;:
in{o a pyramidal structure, -and the" osclllanen of the plane: of the O
atoms-between -two 1aces of: the terahedron is ¢quivalent to the pass:
ege of the N.atom.from: one: vertex -through the base to the opposite
side of the -pyramid, in so far.-as metions.in-the NO; group'are: con-
cerned.. ‘L his impediately . remmds s of -the sitpation ia the- case of
the Ndy moléoule: wherc the" reuonance effeet -between the two-ident-
ical potential mueys for the:N-atem on bUthrSldeB of the plane of the
- H atoms gives rise to a doublmg oi the energy" levels for the ﬁarallel
vibratione and ‘hence &’ doublm'_ '
bands and the "rélated- Raman hmasa T
schematicaily the poténtial - curves Ior 1he two paral]e Yibrations of
the pyramldal NQy,. into which“the curves in Flg 2b’ pass on' tnhanc-
§ig-hd erystal lield on'the'N-atoim.: For the'vibraton' I, (Ilf which
is- enennaltya vwratxon of {he plane ‘of the O atowds past the N'atom,
fat7cu Sbrainel erig) rthe ‘twos minima at
fﬁe bapuer becomes: of
e bl ‘the two
: , ﬁndwv, of

» mgnnymmetnonl wave’ iunetion. )
vy o aéwed in: the anan eﬁect on

- Unive
76-80, 1935:-



186 - TAYOY WE

- Let us :noweonsider the Ni (NQ,),-6NH, in the light of these
considerations.. That one.Raman line at Y85 cm™* is observed in the
neighborhood: of the value. 1030 cm=! for: the free:NO, ion -may be
taken toindicate that while the crystal field is considerable compared
with, ether crystals containing -the ;NQ, ion in view of the great-shift-
of~63 cm ftbg situationiis likely one which:is depicted in Fig. 2b,
The-absence of- doubling .of the Raman line correspondingto: U, shows
that the crystel field on- the N atom is not great :enough  conipared
with the inner potential of NOg:to distortit-into the .situation repre-
sented by:(B): abdves ‘the:non-appearance: of the two other Iiequ-
éncies due tothe degenerate. vrbratmns .of NU,:may. be due simply:to
their- weﬁkJntenllty xﬂﬂd the. meﬂlclency of the arc-and:tue spectro-

‘graph employed in this work. - Their detectmn by better expenmental
outfit will be of.interest,

. oimder now the doublmg of the yl frequency of NO, in the case
‘ ithe Ca (NO Js 73!‘1 0 amﬁbe (NO,.); 8H, O.crystals as observed
'by Ananthakrmhnan’ tis. possxble that - -the-doubling: may. be due
to.the, eﬁect ot}crvstal fleld as plctured under (B) ; and Fig. 2¢ abovs,
if. thg, doublets in.each case are known: definitely not o be duc to such
causes; al the presence.of two. crystal from having dxiferentzunmbeu
of molecujes ol .water .of crystalhzatmn JAn X- -ray. stady:.of these
eryatala would be very desirable in. throwing light on this ~question,
- The writer-is . mdqbted to Dr. S.-¢, Woo, lmutute ot uhemlatry,
Academm Sinica, Dr. Wa. L. Liu,; Ipltxtute -of; Chemistry,;
) Aeademy of Peiping,.. for the use-of - che(metslial to:Dr. Ny Tsi-Zé ah’éi .
Mr. L..C. :Tsien; Institute of Physu.s of the lat[el; Af‘ademy,\ for &indly

: making the. right-snglad . prisms; to Mr., S. I, Shen for hm‘“eip in the
construction of the, sgactrograph from opncal parts saved. irom our
former. Jaboratory .in. fexmng, to Dr, S, H, Yiifor his interest in. the
work and, comments; .and.to Mr A T, Klang who, at the. suggestlon

of the wnter, ‘made many. attempts in 1933 to obtain. the, . Kaman

spectrum of the cryatal with a borrowed small meiixczent ﬂg lamp.

and a borrowed Hilger constant deviation instrument with a broken
prism. .. To them all the writer wishes to express his aprreciation of
;thell’ heIp thhout which this and o'“ er’ work cannot have been under-
‘taken in the face of the’ unenumerabiy maeny inconveniences,





