INSTYTUT FIZYKI JADROWEJ

INSTITUTE OF NUCLEAR PHYSICS

NHCTUTST ASAEPHOUV SDN3INKUA

RAPORT No 1183/PS

AN INFRARED ABSORPTION STUDY
OF THE PHASE TRANSITION IN HEXAMMINE
CADMIUM (Hl} CHLORIDE

ANNA MIGDAL-MIKULI, EDWARD MIKULI
KRYSTYNA ZABINSKA

KRAKOW 1982



AN INFRARED ABSORPTION STUDY (OF THE PHASE TRIANSITION
IN HEXAMINE CADMIUM (II) CHLORIDE

BADANIE PRZEJSCIA FAZOFEGO W Gd(HH3J5 Cl, METOD§ ABSORPCJI
% PODCZERVIENI

HCCIEZOBAHVE ©ASOBOTO NEPEXOIA B CA(NE,)g C1 , METOLOM
HHGPAKPACHOTO NOTJONEHUA

Anna KIGDAL-MIKULI*, Edward MIKULI®, Erystyna ZaBIfSKA™

T Tastitute of Chemistry &f the Jagicllonian University,
ul., Earasia 3, 30~060 EKrakéw, Poland

xx Academy of Econanicé, Eynsk Gi+ 34, 31-010 Erakéw, Foland

CRACOW

December, 1981



NAKEAOEM INSTYTUTU FIZYKI JAOROWES W KRAKOWIE
UL. RADZIKOWSKIEGO 152

Kopig keerograficzng, druk i oprawg wykonano w IFJ Krakdw

Wydanie | Lo, 251822757 Naitad 100 ogz.




The infra-red absorption speotra of the Cd(NH,);Cl, com-
pound were obtained in the 80 ca~! - 4000 en™t frequéncy range
48 a funotion of temperature from 90 K to 300 K, Two additicnal
bandas appeared at the phase transition tempersture To m 175 X
in the far-infrared range, They were aSsigned as the torsional
modes of the ﬂﬂa groups, The phase transition was also ob-
served in the middle infrared region: twe bands oonmeoted with
the internal deformation of the Hﬂa groups split into two com-
ponents each below T,, These reeults oonfirm the Bates and
Stevena theory of the dynamio charaoter of the phase transition
for hexeamine metal (II) halides, :

Otrzymanc widma absorpoyjne w podcisrwieni dla sxigzku kom-
pleksowago ca(nna)6c1z w praedziale osqstodel 80 on~1 - 4 000
en”!w zakresls temperatur od 90 K deo 300 K, ¥ temperaturze
prasjfoia fasowego 'o t ITS K zaobasrwowano pojawienie sig
dwéoh dodatkowyoh pasm w obgzarsze dalekie] podozerwisnl, ktére
zinterpretowanc jako poohodzace od drgayf torsyjnyoh grup NH,.
¥ obszarge frednisj podczervieni przejdcle fasowe Jest réwnied
widocsme, a miancwicie pasma drgsd deformacyjnych dla grup
Hﬂa rodsgcZepiajs #1¢ w Lemperaturse ro. Otrzymane wynlkl po-
tuierdsaja teori¢ Bates’s 1 Stevens'sa o dynamicznyn charakte-
roe preejécis fazowege w ssesdcicamminowych halogenkach meta-

11 (I1I),



lioayuero clUeHTPpH MHJPAEPACHOT) HOIMONLEUA ANA KOMOAEKCHODO
COeAMHEEMA Cd(NH;)Cl, B ZANO30HE Wacror 80 - 4000 cu ~ upm
reuneparypax 90 = 300 K. B temneparype (asoBoro nepexozs
Tc = I75 K o0HapyxeHO BO3HHKHOBOHME ABOX XOCABOYHHX NONOC B
00xacT¥ aanbpe MHPPAKDACHOrO AMANSA0EA, KOTOpHe OOBACHAGTCH
HAK PO3IYALTAT TODPCHOHHNX KoXelamwlh H35 rpymt, B o6macra cpen-
Hero ERAfjpaknacHOro ZAManascHs (asoBHit mepexol TOXe OCHADYZEB&-
eTcA OIAroAaps pacmenneRun B T, HOROTODHX NOAOC CBAGABHHX C Xo-
PopManAOEHHMR KOJeCAHAMH Nﬂ5 rpynd. HonyReREWe pesylibTarh NoA-
TBeDERART TOODHR befirca # CTMBeHca 00 RAHAMNYOCHOM XB8paKTepe
$agaoBOrO NEOPOXORA B WEOTMAMMHOBNX IEAOIEEMARX METEAAOB .



1. INTRODOCTION

Boxammips metal (II) balides of a general formulas

Hlﬂﬂa)a Iz have face -~ centred cubic structure at room tem—
perasture /1/, Wnen the teapersture is lowered to T, (which
dspends on the metal M and the halide IXI) ths phase transition
ocours. This 15 not ocly conneoted with a reduoing of the syn~
metry of the unit cell bot alseo with a aritical slowing down
of NH, groups /2/. Tha structures of the low ~ temparatura
phase ares known only for some of these compounds; egsx:
'°(an)6c12 and I;(Hﬂa)acla are monoolinic /3/, whereas
Ni(NH,) I, 18 trigonsl below ?, /3/,

A theoretiocal wmodel to explain the mechanism of the phase
transitione in hexamnmine metal (II) halides was suggested by
Bates and Stevens /2,4/, Aocording to it the NH, groups in
each cation reorientate e¢ellectively between eight squivalent
low-snergy arrangements in the hilgh-temperature phasa, At &
phass transition tenpersturoi% the reorientatiens of the Hﬁa
Zroups bacome froZen aa one of thess arrangewents becomes
preffered. This critical elowing down of the RH, reorientation
leads to a trigonal unit ocell, One may expect that the effeot
of a structural digtortion below T will be visible in a skeleton
vibration range of the oomwplex cation 1.,e. in the range fron
100 ow~! to s00 ca™!.

The Raman spaotra presenied by Bates et al. /3/ for the
c"(ms)em-e apd cd(lma)ccle ocompounds reflect indead the dynamic
ohanges at the phase transition tewmperatures (1785 X and 185 K
respeotivaly), bBands which in the highb-temperature phase have
?2‘ syamatry split or become asymaetrio in the low=temperature
phase, Apart from that one or two additional bands appear 1in
the low fregqaency region, Thess additional hande are oonnected
with the torgsional modes of the an groups, Bates et al, /3/
discnas on the basis eof the group-theory analysis the changee
chserved in the Raman speotra and they suggeat the czh aym-
petry for the struoture ef the low~temperature phase in the

C4(NH,),C1, ocase,



In this paper the infrared spsotra obtained by us for
C‘("“a)sCIz in the frequency range frou 30 om~l te 4000 ow”
ars presented and discusged,

2. EXPERIMINTAL

2.1, Preparation of tgg_gd(ﬂgalagla_ggggl:

The Cd(nna)‘ Cl, sample was obtained fromCdCl,* gnzo. The
latter was placed in a glass tubs through which 4ry gassous
ammonis was blown, Asmonia was dried by pasaing through several
vosesle which woere filled with ssceriteand finally with berium
exide, At first, the glasa tobe containing the 06012.350 with
apaonia pagsing through it waa heated for several hourg to oca.
20°C 1n order to remove water from the sampls, In the later
atage the tube was cocled down to abount 0% in order tp sta-
bilize the ca(nna)oclz @anple (s»neitive to NH, loosing).

The whole process of obtaining Cd(llﬂa)ecl2 sanple lasted
sevaral days without any break,

In order to me: sure the ammonia and cadmiona ione contents,
tbe final product was submitted to chsuiocal analysis /5/ whieh
gave the following content of NH, and cat’y

$ NE, = 35.63% 2 0,249 (theorst, % NB, = 35,79%)
S Cd w» 39.42% L 0,07% (theoret, % Cd = 39,37%)

2.2, Far-infrared measaroments

The absorption spectra 1nm the 80 om ! « 400 om™! region

were obtaeined usiag the Grubd Parsons Fourier spectrometer
IRIS. The measurewents were performed in the itemperature rangs
from 80 K to 300 K with the temperature stabilization accuracy
of oa, 1 Kk, The resclution was 4 on'i. The sample mas prepared
in the form of a suspension of ca(una)6012 with nujol,

2.3, Infrared msasuresients

1 1

The sbsorption espectra ip the 400 o~ = 4000 om = region
were obtained using the Carl Zeles-Jena spectrometer UB-10,



The measurements were carrised out in the temperaturs range

from 90 K to 300 X, The resolution was ca, 5 cn~ !, The pample
was prepared 1n the form of a nujol suspension ag for the far-
=infrared measurementa, Apart from the nujel suspension spesctra
we obtained the abgorption spectra of cd("HS)GCIa in EBr pres-
sed discs, In this case however the sample was unstable and
decomposed, probebly during pressing. 5o ¥e believe that for
the KBr disc samples we obtained epectra of Cd(Hﬂa)‘312 rather
than those of Cd(Nﬂa)BCI2 as the Gd(NHa)‘012 complex ia the
Rore stable ccmpound than Cd(N33)6012 one /6/,

3. RESULTS
3.1. The_specira im_the 80 cm

The abgorption spectra of Cd(N33)6012 in the far infrared
region are shown in Fig, i, The high-temperature phase spectra
ars gquite similar to those obtained earlier for the Hi(NKa)axz
compounds /7/. All infrared-active vibrations have T, symmetry
and are oocnnected with the lattice vidration, the deformation
vibratien & (NCAN) and the stretching vibration v (CAN) re=
spsctively. The & (NCAN) mode overlaps with a broad additional
hand later on refered to ag the A band. This additional band
which shows up between the lattice and the deformation mode
was obgerved before in both far~infrared and Raeman gpoctra ot
comploxes with simple anions XI /7,8/. We hslieve that the band
A i3 oonnected with a quasi~free (low barrier) rotation of HHa
groups in the high-tempesrature phase /8/.

Ip our measureweptis the phase transitiom for Cd(NH,).Cl,
wag clearly visihle 1in the rar~infrared region, At ths phase
trangition temperature 175 K the band 4 disappears and two
sharp peaks emerge in the 5ame frequency range, This phenomencon
iz similar to that cbserved by Bates et al, /3/ in the Remen
spectra of Cd(Nna)eI2 end Cd(ND,},X,. Thoso mew bands are ob-
vieusly oonneoted with the torsional vibrations of the NE,
groups.

1 _ 400 en~! frequency range
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Fig. 1. IB spectra of Cd(H33)6012 in the 80 ~ 400 cm™?
frequenoy range



¥oreover, the bands corresponding to high=temperature phaage
T1u mcdes split in the low~temperature phase into at least two
ocomponents, as the result of removing the degeperacy of wmodes,
The frequencies of the modes observed in the far-infrared
spectra of the high and of the low~temperature phases are glven
in Table 1.

1

Je e gge speotrs in_the 400 on'i - 4000 cm ~ frequency range

The absorptlen apectrum of the high-temperature phase 1in
this frequency range eonsiste of five bands connected with: the
rocking vibration g(NH,)T,., two deformation vibrations:
S(ENE)T ., 6, (ENIDT, and two stretching vibrations: v, (NH)T,  ,
v.(lm)rm respeotively. The best speotrum of cﬂ(mi‘.j)em2 ob-
tained at room temperature ié shown in Fig. 2, Two bands which
are comneoted with the streteching vibrations v (NH)T, are very
bread and overlap partially., Two NH$ doformation vibrations
have the frequencies of 10980 cn‘i and 1600 cn'l respectively.
The additional band at 1200 om~! we interpret as a band which
is conneoted with the dsforwmation vidbration of the HH3 group in
the cd(!mn)‘(:la compound /10/, As it was mentioned above,
ca(m3}4012 18 nmore stable than ca(nﬂs)ﬁfu2 hence we suppose
that all the adbsorption apectra in the medium infrared range
have some admixturs of Cd(llna)‘cl2 bandnm,

The phase transition 1s vigible in the now dilacussed fre-
quency range, eepecially in the range of the deformation vi-
brationa of the NH, groups. The-?and at 1090 ca™} shifts towarg
highsr frequenclsa by c¢a, 40 onm and splits inte tmo components
below T, (Pig. 3). The second band conneoted mith the deforma-
tion vibrations of the KH, groups 1,e. that at ca 1600 em™talso
aplits into two components in the low-temperature phase (Fip,3).

The infrared aotive vibratioms for the Gd(NHs)em2 comaponnd
are given in Table 1 fer both the higk~tewperature and ths low-
temperature phases.
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Tahle 1., The frequencies of the IR aoctive modes obaerved above and below T
in the 80 cm ) ~ 4000 om~1 range for Cd(Hﬂa)scla. (All frequencies
in om_l)
temp. Vv, ¥(NH,) §(NCaN) v(caN) g(NH,) EL(ANE) §(ENH) v (NH) v, (NH)
room T8 broad band A 297 YR 1100 1588 3220 3350
temp, 100-166 .
208" 613" 1001% 1585
190 K 76 broed band A 3014 616 1000 1600 3220 3320
100-166

°
180 X T2 125 162 271 620 1130 1580 3230 3320

78 141 178 208 - 1150 1600

aa

26

a = data reported in ref. /9/
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Fig, 2. IR spectrum of Cd(ﬂﬂn)em2 at room temperature in the
400 = 4000 on'1 frequency range. The asterisks indi=
cate banda copnected with nujel

4. DISCUSSION

The 69 internal medes of the u(nna)o **+ cation should be

divided via the group theory (for space group Fmdm) into fol-
lowing apeoclent

Mint ® 343 + 3B, + 47,

Six of them are oonneocted with the torsions of the HE3 groupa?

Ntors = 230 + By + Ty,
411 these and also the moder of '2u syametry are both infrared-
and BRaman-inaotive,

If we assume, acoording to Bates et al, /3/ that the low-~
teuperature point group of cd(!inn)ecl2 s C,, we obtain the
tollowing correlation diagram for the inaotive modes:

* 4128 + Aiu + Eu + TTlu + 412u

11



Pig. 3. The tempersture evolution of the 6;{HHH) at ca,
1100 on™' snd &, (HNH) at ca. 1600 cu”' bands in

Cd(NH3)6012. The pbase transition temperature is equal
to 175 K. The band at ca. 1200 cm'1, discussed in the

text, corresponda to an sdmixture of Od(NH3)4012 in
the sample.

12
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Ag axd Bg modes one now Remman -~ active while A, and B, wodes
are iafrared acti+s, So, the reduocing of the mmit cell aym-
metry fyom onbio to monpooclinio ons, should be conneoted with
showing up of six Dew bande shioh correspond to torsions of
the NH, groups. Three of them should be visible ip the infrared
speotrum and the other thres in the Haman speotrum, In the IR
we obgerve only two torsional bands A similar situation is re
ported by Bates ot al, /3/ for the Boman spsotrum. Aocording
to their /3/ explanation this may be cansed by the faot that
. the rotations about two axes are equivalent in C, group, and
thas the oc(una)s + ocation hae an axial syametry for the low=
=tamparature phase.

Moreover, as it can be seen from the ocorrelation diagram,
the infrared-inaotive modes of the '3u symmetry for oh peint
group should beoomd infrarsd-asctive for °zh point group. There
are foar imternal modes of T,, symmeiry for the high-teapera- i
tore phase of u(nma)exz. They are conneocted with: the defor- :
mstion vibration of the oation - S5(NHN), the rocking vibration
of the NH, groups - ¢(¥H,), the angle deformation in the NH,
group ~ 5 (HNE), and the stretchimg vibration ia the MH, group-~
Vo (RH), Thus one may expect that additional bands arising
from thees modes will appear in the lov-temperatare phase
speotra, However, we do not observe them, although it may be
that the aplittings shich we observe fer the deformation

13



vibrations in the whole infrared range are in faot not split-
tings but vibrations ariging frowm those of ’2:1 syameiry which
bocame active, For example the maximum at 378 om~ ' (FPig., 1)
could be connectsd with the deformation of catlion which became
aotive in the low-temperature phase but, rather, we suppese that
this maximum is conneoted with the Tiu deformation vibration
ebgerved in the high-tempsrature phase which aghifts toward
higher frequenoles and splits into two componente at the phase
tranyition temperature,

An obvioue poasibility to sxplain the fast that we do mot
observs a propsr number of bands in our low-temperature phase
spootra may be conneoted with the peor resclmtion of the spesctrs.
All bands vieible 1in the absorption speotrum are rathexr brosd
and 1t may very well he that eome of them remain unresolved,

It 15 alsoc possible that gsome of the additional bands are toc
weak to be detected.

1t 15 worthwhile to motice that the widih of the b‘ocmm
band at 1600 om~ ' Acoreases when the tempersture deorosses to
Qc. Thic may be oomnscted with a sloming down of Hﬂo reorienta—
tione in agreemont with the Batea and Stevens model /2/, This
corroborates the observed replacement of tbe broad 4 band by
the two torsicnal peaks in the far~infrared whem pesasing froem
the high ~ to the low temperature phasse,

5. CONCLUSIONS

The infrared measurements for C4(KH,),Cl, prosented in this
paper wers carried out in order to complete the Bates et al,
/3/ Ramen investigation of the hexammine cadmium ( II) halides,

The phsse transitiom im CA(NH,),Cl, is distipotly vieible
in the infrared absorption spectrs. Two nem bands connected
with the torsions of the ma groups appear in the low~tempers—
ture phass in the far infrared region, Two bande connected
with the intermal deformation of the NH, groups split into twe
componsuts easoh below the phase transition temparaturs in the
medion infrared freguoncy range. It confirms the Bates and

14
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Stevens theory /2/ of the dypamio changes whioh take place at
the phase transition temperature for 2exasmine metal (II)
balides. This transition arises from the oritiocal slowing down
of the NH, reorientation. The freesing of the rearientation
can thos be ebserved both in the infrared and in the Haman
apeotra of these oompounds /3/,
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