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The infra-red abaorption apeetra of the Cd(NBL)gClg com¬ 
pound ware obtained in the 80 сю - 4000 cm frequency range 
as a fanotion of temperatare from 90 X to 300 K. Two additional 
banda appeared at the phaae transition tenperatare T - 175 К 
in the far-infrared range. They were assigned as the torsional 
modes of the NHg groapa. The phase transition was also ob¬ 
served in the middle infrared region; two banda connected ttth 
the internal deformation of the NHL groapa split into two com¬ 
ponents each below T . These resalts confirm the Bates and 
Stevens theory of the dynamic character of the phase transition 
for hexammine metal (II) halldes. 

Otrzymano widma absorpcyjne w podczerwieni dla związka kom¬ 
pleksowego Cd(MHg)-Clg w przedziale oztatości 80 cm* - 4 000 
cm w zakresie temperatar o4 90 Ж do 300 K. W temperatarze 
przejśola fazowego T : 176 К zaobserwowano pojawienie si$ 
dwćoh dodatkowych pasm w obszarze dalekiej podczerwieni, które 
zinterpretowano Jako pochodzące od drgań torsyjnych grap NBL. 
W obszarze średniej podczerwieni przejsole fazowe jest rćwniez 
widoczne, a mianowicie pasma drgań deformaoyjnych dla grap 
NH- rozszczepiają się w temperatarze T . Otrzymane wyniki po¬ 
twierdzają teorl% Batoa'a i Stevens'a o dynamicznym charakte¬ 
rze przejścia fazowego w sześeleammlnowych halogenkach meta¬ 
li (II). 



Подучено сыентры инфракрасного поглощекия для комплексного 
соединения Cddm^gClg в дяпоэоне частот 80 - 4000 см*1 при 
температурах 90 - 300 К. В температуре фазового перехода 
Tg = 175 К обнаружено возникновение двох добавочных полос в 
области дальне инфракрасного диапазона, которые объясняется 
как результат торсионных колебаний NH, групп. В области сред¬ 
него инфракрасного диапазона фазовый переход тоже обнаружева-
ется благодаря расщеплению в Tg некоторых полос связанных с де¬ 
формационными колебанями ш , групп. Полученные результаты под¬ 
тверждают теорию Бейтса и Стивенса об динамическом характере 
фазового перехода в шестиаминовых галогенидах металлов. 



i. INTRODUCTION 
Haxammine metal (II) halldes of a general formula 

М(КВд)- Xg have face - centred cubic structure at room tem¬ 
perature /l/. When the temperature is lowered to T (which 
depends on the metal M and the halide I) the phase transition 
occurs. This Is not only connected with a reduoing of the sym¬ 
metry of the anit cell bat also with a critical slowing down 
of M L groups /2/. The structures of the low - temperature 
phase are known only for some of these oompounds; egz; 
Fe(NH-)-Clg and H(NH-)-Clg are monoollnio /3/, whereaa 
Ni(NHg)^Ig is trigonal below T^ /3/. 

A theoretical model to explain the meohanism of the phase 
transitions in hexammlne metal (II) halides was suggested by 
Bates and Stevens /2,4/. According to it the NHg groups in 
each cation reorientate collectively between eight equivalent 
low-energy arrangements in the high-temperature phas<s. At a 
phase transition temperature T the reorientatiens of the NH-
groups become frozen aa one of these arrangements becomes 
preffered. This critical slowing down of the NEL reorlentation 
leads to a trigonal unit cell. One may expect that the effect 
of a structural distortion below T will be visible in a skeleton 
vibration range of the complex cation i.e. in the range from 
100 cm*** to 400 cm***. 

The Raman spectra presented by Bates et al. /3/ for the 
Cd(NH-)-Clpand Cd(NDg)-Clp oompounds reflect indeed the dynamic 
changes at the phase transition temperatarea (175 К and 185 К 
respectively). Bands which in the high-temperature phase have 
Т„ symmetry split or become aaymmetrlo in the low-temperature 
phase. Apart from that one or two additional bands appear in 
the low frequency region. These additional bands are oonnected 
with the torsional modes of the NH- groups. Bates et al. /3/ 
discuss on the basis of the group-theory analysis the changes 
observed in the Raman spectra and they suggest the Сд^ sym¬ 
metry for the structure ef the low-temperature phase in the 
Cd(KH-)gClg case. 



y 
in toe freqaency range from 80 cm** to 4000 cm 

In this paper the Infrared spectra obtained by as for 
NH^)gCl- in toe freqaency 

are presented and discussed. 

2. EXPERIMENTAL 

The Cd(NH-)g Cl^ sample was obtained fromCdClg* 
latter was plaoed in a glass tabe through which dry gaseous 
amaonia was blown. Ammonia was dried by passing throagh several 
vessels which were filled with aacarite and finally with barium 
oxide. At first, the glass tube containing the CdClg.BLO with 
ammonia passing throagh It was heated for several hoars to oa. 
90**C in order to remove water from the sample. In the later 
stage the tebe waa cooled down to aboat 0**C in order t& sta¬ 
bilize the Cd(NH^)-Clg sample (sensitive to NH- loosing). 

The whole process of obtaining Cd(NHg)-Clg sample lasted 
several days without any break. 

In order to me. jare the ammonia and cadmium ions contents, 
the final product was sabmitted to chemical analysis /5/ which 
gave the following content of NHg and Cd**ł 

% MEL, - 35.63% i 0.24% (theoret. % NHg - 3S.T9%) 
% Cd - 39.42$ i 0.0T% (theoret. % Cd - 39.37%) 

2.2. fsr-infrared_meagaremegts 
The absorption spectra in the 80 om* - 400 em* region 

were obtained asing the (łrmbb Parsons Foarier spectrometer 
IRIS. The measarements were performed in the temperature range 
from 90 Ж to 300 К with the temperature stabilization accuracy 
of oa. 1 K. The resolntion was 4 om . The sample was prepared 
in the form of a suspension of Cd(N&,)-Clg with nmjol. 

2.3. Infrared measurements 
The absorption spectra in the 400 cm - 4000 cm region 

were obtained using the Carl Zeiss-Jena spectrometer UR-10. 



The measurements were carried oat in the temperature range 
from 90 К to 300 K. The resolution was ca. 5 сю"*. The aample 
was prepared in the form of a nujol suspension aa for the far-
- infrared measurements. Apart from the najol aaapenslon spectra 
we obtained the abaorption apectra of Cd(NH<.)-Clg in XBr pres¬ 
sed discs. In this case however the sample was unstable and 
decomposed, probably daring pressing. So же beMeve that for 
the KBr disc samples we obtained spectra of Cd(NHg).Cl2 rather 
than thoae af Cd(NH-)-Cl- aa the Cd(NHg),Cl- complex la the 
more stable compound than Cd(NHg)-Clg one /6/. 

3. RESULTS 
3.1. 

The abaorption spectra of Cd(NHg)gClg in the far infrared 
region are shown in Fig. 1. The high-temperature phaae spectra 
are quite almllar to those obtained earlier for the Ni(NH-)gJC^ 
compounds /7/. A H infrared-active vibrationa have T. symmetry 
and are oonnected with the lattice vibration, the deformation 
vibratien <T*(NCdN) and the stretching vibration ^ (CdN) re¬ 
spectively. The <T(NCdN) mode overlaps with a broad additional 
band later on refered to aa the A band. This additional band 
which abows up between the lattice and the deformation mode 
was observed before in both far-infrared and Raman apectra of 
complexea with simple aniona X /7,8/. Ve believe that the band 
A la connected with a quasi-free (low barrier) rotation of NH^ 
groups in the high-temperature phase /8/. 

In our measurements the phase transition for Cd(NHg)gCl-
was clearly visibl* in the far-infrared region. At the phase 
transition temperature 176 X the band A disappears and two 
sharp peaks emerge in the same frequency range. This phenomenon 
is almllar to that observed by Bates et al. /3/ in the Raman 
spectra of Cd(NHg)gXg and Cd(NDg)^JCg. These new bands are ob¬ 
viously connected with the torsional vibrations of the KHg 
groups. 



400 

Fig. I. IB apectra of 
frequency range 

in the 80 - 400 cm -i 



Moreover, the bands corresponding to high-temperature phase 
*la "Cdss split in the low-temperature phase into at least two 
components, aa the result of removing the degeneracy of nodes. 
The frequencies of the modes observed in the far-infrared 
spectra of the high and of the low-temperature phases are given 
in Table 1. 

3.2. The spectra in_the_400cm"_-_4000_cm*JfregaencT_range 
The absorption apectrnn of the high-temperature phase in 

this frequency range consists of five bands connected with: the 
rocking vibration g(NHa)T^^, two deformation vibrations: 
6_(ЮН)Т.ц, 6*.(HMH)T.^ and two stretching vibrations: ^ ( N H ) ^ , 
V-(NH)T. respectively. The best speotrum of Cd(NH-)-Cl^ ob¬ 
tained at room temperaturę is shown in Fig. 2. Two bands which 
ar* cenneoted with the stretching vibrations V (NH)T^ art very 
broad and overlap partially. Two NH- deformation vibrations 
have the frequencies of 1090 em* and 1600 ca* respectively. 
The additional band at 1200 om* we interpret as a band which 
is connected with the deformation vibration of the УН- group in 
the Cd(NH-),Clg compound /10/. As it was mentioned above, 
Cd(NH-).Clg is more stable than Cd(NHg)gClg hence we suppose 
that all the absorption spectra in the medium infrared range 
have some admixture of Cd(MHg).Cl2 bands. 

The phase transition is visible in the now discussed fre¬ 
quency range, especially in the range of the deformation vi¬ 
brations of the NH- groups. The band at 1090 cm**" ahlfts toward 
higher frequencies by ca. 40 cm* and splits inte two components 
below T (Fig. 3). The second band connected with the deforma-

-1 tion vibrations of the KB- groups i.e. that at ca 1600 cm also 
splits into two components in the low-tenperature phase (fig.3). 

The infrared active vibrations for the Cd(NH-)gCl^ compound 
are given in Table 1 for both the high-temperature aod the low-
temperature phases. 



Table 1. The frequencies of the IB active modes obaerved above and below T 
-i -i in the 80 cm - 4000 cm* range for Cd(NHg)gClg. (All frequencies 

in om" ) 

temp. 

згоои 
teap. 

190 X 

To 
150 Ж 

78 

76 

К ** 
72 
78 
88 
96 

t(NHg) 6(NCdN) 

broad band A 
100-166 

broad band A 
100-166 

125 162 
141 178 

T(CdN) < 

297 

298* 

301 

271 
295 

;(NHg) 

615 

613** 

615 

620 
-

^(HNH) 

1100 

1091* 

1090 

1130 
1150 

1585 

1585* 

1600 

1580 
1600 

^,(NH) 

3220 

322C 

3230 

3350 

3320 

3320 

t 
t i 
< 
) 

a - data reported in ref* /9/ 
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Fig. 2. IR spectrum of Cd(NHg)gClg at room temperature in the 
400 - 4000 cm" frequency range. The asterisks indi¬ 
cate banda connected with nujol 

4. DISCUSSION 
The 69 internal modea of the М(УНд)- ** cation should be 

divided via the grocp theory (for space group Fm3m) into fol¬ 
lowing speciea: 

Sił ef them are connected with the teraions of the NIL, greupa: 

P t o r s * ^ l a * *u * ig 
All tbeae and alao the modee of Tg aymnetry are both infrared-
and Raman-iaactlve. 

If we assume, according to Bates et al. /3/ that the low-
temperature point group of Cd(NH-)-Clg ia Cg. we obtain the 
following correlation diagram for the inactive modes: 

11 
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Fig. 3. The temperature evolution of the <SL(HNH) at ca. 
1100 cm"^ and &,(HNH) at ca. 1600 cm* bands in 

phase transition temperature is equal 
" discussed in the to 175 K. The band at ca.1200 cm" , discussed 

text, corresponds to ад admixture of 
the sample. 

in 
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Ag алё Bg mode* ов* now Raman - active while A and В modea 
are infrared active. So, the redneing of the anit cell aya-
aetry from oabio to aonoellnie one, ahoald be oonnected with 
łhowing ap of aix new band* which correspond to toraiona of 
t&e NB- groapa^ Three of the* *hoald be vi*ible in the infrared 
*pectraa and the other three in the Raman apectraa. In the IR 
we obaerve only two tortional band* A *inilar *ltaation ia re¬ 
ported by Bate* et al. /3/ for the Baaan apeotran. According 
to their /3/ explanation thl* may be eaaaod by the faot that 
the rotation* aboat two аже* are eqaivalent in C^^ group, and 
tha* the Cd(ML)g ^^ oation ha* an axial ayanetry far the low-
-teałperatare pha*e. 

Moreover, a* it can be aeon froa the correlation diagram, 
the infrared-inactive aode* of the Tg„ aywmetry for 0^ point 
groap ehoald become infrared-active for Cg^ point groap. There 
are foar internal mode* of Tg„ *yametry for the high-tempera-
tare phaae of M(NHg)gX-. They are connected with: the defor-
aation vibration of the oation - C(NHW), the rocking vibration 
of the NH- groap* -$(NHg), the angle deformation in the NHg 
groap - 5,(HHH), and the atretching vibration in the NHg groap-
V (NH)^ Tha* one may expeot that additional band* arising 
from the** mode* will appear in the low-temporataro рЬаяе 
epeetra. However, we do not ob*erve them, althoagh it may be 
that the *plittlng* which we ob*erve for the deformation 



vibrations in the whole infrared range are in fact not split¬ 
ting* bat vibrations arising from those of T^ symmetry which 
became active. For example the maximum at 178 om* (Fig. 1) 
could be connected with the deformation of cation which became 
aotive in the low-temperature phase bat, rather, we suppose that 
this maximum la connected with the T,- deformation vibration 
observed in the high-temperature phase which shifts toward 
higher frequencies and splits into two components at the phase 
tranaition temperature. 

An obvioaa possibility to explain the fact that we do not 
observe a proper number of bands in oar low-temperatcre phase 
spectra may be oonneeted with the poor reaolation of the spectra. 
All bands visible in the absorption spectrum are rather broad 
and it may very well be that some of them remain anresolved. 
It is also possible that some of the additional bands are too 
weak to be detected. 

It is worthwhile to notice that the width of the &"(HNH) 
band at 1600 cm <Saorease* when the temperature decreases to 
T . This may be connected with a slowing down of NH- reortenta-
tlons in agreement with the Bates and Stevens model /2/. This 
corroborates the observed replacement of the broad A band by 
the two torsional peaks in the far-infrared when passing froa 
the high - to the low temperature phase. 

С CONCLUSIONS 
The Infrared measurements for Cd(NH-).Cl2 presented in this 

paper were carried out in order to complete the Bates et al. 
/3/ Raman investigation of the aexammine cadmium (II) halides. 

The phase transition in Cd(NHg)gClg ia distinctly visible 
in the Infrared absorption spectra. Two new bands connected 
with the torsions of the NH- groups appear in the low-tempera-
tare phase in the far Infrared region. Two bands connected 
with the internal deformation of the NH- groups split into two 
components each below the phase transition temperature in the 
medium Infrared frequency range; It confirms the Bates and 



Steven* theory / 2 / of the dynamic changes whioh take place at 
the phase transition temperatcre for hexaamine netal (II) 
hałides. This transition arises from the critical Blowing down 
of the KH- reorientation. The freezing of the reerientatlon 
о an thos be observed both in the infrared and in the Raman 
spectra of these compounds /3/. 
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