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The Ramon spectra of CH,NH3AI (SO,), 12H20 (MASD), CH3NH,A1 
(SeO,), 12HZ0 (MASeD) and deuterated MASD and the iufraredspectra of 
MASD, MASeD, MCrSD [CH,NH,Cr(SO,),-12H,O] and deuterated MASD at 
different temperatures have shown that the sulphate or the selenate ion does not 

undergo any uppreriable dislorti'on by the ferroelectric phaw transition. 
A comparison of the Raman spectra of MASD at 300°, 2M)" and 100°K has shown 
 hot the vl(SO,), CH3 stretching and H,O stretching vibrations at 988, 2991 and 

3380 cm-' respective& appeur with enhanced intensity in the spectrum of the 
frrroelectric phase. The observation of new infrared bands in the region 
2750- 000 cm'l and at about 500 cm-' respec!ively due ro the stretching and 
iorsional vihrarions of the CH3NH; ion suggests that a rearrangement of the 
CH,NH, ion is probably the triggering mechanism as suggested by O'ReiUy and 
Tsmtg from magnetic resonance studies of MASD. 

In recent years, the spectroscopic methods have been increasingly 
employed to the study of hydrogen bonded crystals, particularly the ferro- 
electrics. Methylammonium aluminium sulphate dodecahydrate (MASD) 
undergoes a first-order ferroelectric phase transition from the cubic phase to 
the orthorhombic phase at the Curie point -96"C1. The structure of MASD 
has been determined in the ferroelectric phase by Fletcher and Steeple2 and 
in the cubic phase by Okaya et a13. CH,NH3A1(Se0,),.12H,0 (MASeD) and 
CH3NH,Cr(S0,),-12H,O (MCrSD) are also ferroelectric below -57" and 
-109"CL, respectively. Hence an investigation of the Aaman spectra of 
MASD, MASeD, MCrSD, and deuterated MASD at different temperatures 
was undertaken to follow the changes in the symmetry of the sulphate andthe 



selenate ions and also to follow the changes in the hydrogen bond scheme on 
phase transition and thus to throw some light on the mechanism of 
transition. The Raman spectrum of MASD only has been studied by the 
Russian workers4. 

Single crystals of MASD or MCrSD were obtained by a slow evaporation 
of an aqueous solutiorl of CHgNHSC1,H2S04 and A12(S0,),.12~,0 
Cr2(SOJ,.15H,0 in molar proportions. To prepare crystals of deuterated 
MASD, MASD was repeatedly recrystallized from D20 .  The Raman spectra 
of single crystals of MASD, MASeD and of small crystals of deuterated 
MASD were recorded on zenith plates with a Hilger medium quartz spectro- 
graph having a dispersion of 140 cm-' at A2537 A.  A comparative study of 
the Raman spectra of MASD at 300°K (room temperature), 200°K (tempera- 
ture of solid carbon dioxide and acetone mixture) and 100°K (liquid oxygen 
temperature) was also made. The infrared spectra of MASD, MASeD, 
MCrSD and deu.erated MASD were obtained at 100" and 300°K with a 
Cart-Zeiss, UR-10 spectrometer by the KBr pellet technique. The micro- 
photometer records and the corresponding Raman spectra and the infrared 
absorption curves of these alums are reproduced in Fig. 1-6. The Raman 
and infrared spectral data are given in Tables 1-3. 

In the notation of Couture ind  Mathied the observed Raman lines in 
cubic crystals can be classified into Ag, Eg and Fg species by studyiug cases 
2a and 3a. In case 2a the light is incident normally on the (100) face and 
the scattered radiation is gathered in the LO111 direction. In case ?a, the 
light incident in the [I 111 direction is scattered in the plane normal to [I1 I]. 
Accordingly two polarization pictures of MASD were obtained on zenith 
astronomical plates. From the calibration curves obtained by the varying slit 
width method, the intensities of the horizontal and vertical components were 
estimated and the observed Raman lines were classified as shown in Table I .  

MASD, MASeD and MCrSD are all cubic in the room temperature 
phase the speca group being Pa3 (Ti). There are four molecules in the 
unit cell. The lattice constants of MASD, MASeD and MCrSD are 
respectively 12.502, 12.694, and 12.538 A. In the cubic phase of these 
alums the trivalent ions a1.e situated at the centres of symmetry on the three 
fold axes. To achieve this centrosymmetric structure, the CH,NH, ions 
must be either freely rotating or statistically distributed about the three axis. 
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.,-here are two crystaliographically non-equivalent sets of water molecules, six 
water molecules octrahedrally surrounding the trivalent ion (Al-0  - 1.9 A) 
and the remainrng six water lnolecuies being associated with the CH,NH, 
ion. These alums possess the b slruclure. The differences among the 
., Band T structures in the  alums have been discussed elsewhere. The 
most difference that distinguishes a P alum from the a and T 

is the number of nearest neighbours around the monovalent ion. There 
are twelve oxygen atoms in the coordination shell o f  the monovalent ion with 
six sulphate oxygens and six water oxygens at respective distances of 3.55 
and 3.58 A. The sulphate group possess C3, symmetry In the lattice with 
one of the sulpaale oxygens and the sulphur atom being situated on  the three 
fold axis and the remaining oxygens in the  general positions. All the water 
molecules in the lattice are FZ-bonded to  neighbouring sulphate oxygens or to  
water oxygens. In the ferroelectric phase, MASD belongs to  the orthorhombic 
system w ~ t h  the space group PcaZ12. The site symmetry of the  sulphate 
g:oup is reduced LO c,.  Details of the structure o f  MASeD and MCrSd are 
not yet ava;lable in I~terature. 

Raman Spectral Data on MASD and MASed in cm-' 

MASD' Sym. species MASD-d M ASeD Assignments 

Lattice vibrations 

CH, stretching 

OH stretching 

estimated intensities are given in brackets, b-broad. d-denotes dzuterated. 
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TABLE 2 
infrared Spectral Data on MASD (cm-1) 

-. 

MASD -d 
- 

MASD* MASD-d MASD 
300°K 3WqK 100°K 100°K Assignmentr 

500(s) 

615(s) 
645(s) 

500(s) 
575(w) 

757(s) 
94 1 (w) 

988(w) 

94 1 (w) 

1105(vs,b) 

12 17(w) 
1435(m) 
1470(m) 

1230(m) 
1640(m) 

1 8 8 0 ' ~ )  

2090(s) 
23 1 O(s) 
2350(s) 
2390(s) 
2425(s) 
3380(s) 
3460(s) 

vz(S0,) 

H,O iibrasion 

CH3NHT torsion 

NH: recking 

CH,NH, bending 

H,O/D,O bending 

Combination 

H,O/D,O stretching 
+CH,NH, stretchmg 

.- --.- - ---- 
'Symbols: s-strong, m-medium, W-weak, sh-shoulder, b-broal. v-very. 
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TABLE 3 
Infrared S~ectral Data on MASeD and MCrSD (cm-') - ~ - 

MASeD MCrSD ___ Assignment 
~ Y K  loO°K 300% 100°K 

447(w) 

465(w) 

545(m) 

601 (s) 

650(sh) 

690(w) 

938(s) 

985(m) 

1065(s) 
1 1 1 S(vs) 

1423(w) 
1478(w) 
1506(m) 

1640(m) 

2480(m) 

: CH,NH,I torsion 
J 

I H20 libration 

1 H,O (M3+)  reckoning 

H,O (M3+) wagging+ CH, rocking 

C-N stretching 

v , ( R O ~ )  

i 1 CH,NH: bending 

J 

H20 bending 

Combination 

2880(vs) 2800 - 2800- 
3100(vs,b) 2980(vs) 3200(vs) 320O(vs) H,O 

3 lOO(vs) I 
I +CH,NH; stretching 

3440(vs) 3440(vs) 3400(vs) 3400(vs) 
3506(vs) J --- 



From the group lheoretical considerations6. 5 translatory and 5 rotatory 
type of lattice vibrations are expected for the sulphate group alone. 
However, the Raman spectra of M.4SD, MASrD and deuterated MASD show 

three Raman lines each In the low frequency region (0-200 cm-1). E , , ~ ~  
when the Raman spectrum of MASD was recorded with a large Littrow 
quartz spectrograph having higher dispersion (40 cm-'/mm at  h 2537 A), the 
rich Raman spectrum of MASD reported to have been observed by Korshuilov 
et d . 4  could not be obszrved I t  was found possible to analyse the observed 
spectroscopic data by cons~dering only the vibrations of the sulphate and the 
selenate groups, the CH3NH$ ions and the H-bond water molecules with the 
p appropriate site symmetry (Halford7) and hence the correlation coupling 
effects were not pronouneed. 

5. VIBRATIONS OF SO4 OR Se0, GROUP . 
A ~ I  the four fundamental vibrations vl(al), v,(e), v3(f2) and v4(f,) of the 

xO; (where X is S or Se) ion wlth T, symmetry in the free state8 are expected 
to be both R;man and n f r ~ r e d  active in the case of MASD, MASeD and 
M C ~ S D ,  since the sulphate or the selenate ion possesses only C,, symmetry 
the lattice. Further, one would expeet the F2 modes to spht  into A, and E 
modes, the separation between the split components depending on the crystal 
field strength. However, in the Raman spectram of MASD, only four Raman 
lines are observed at  449 cn1-l due to v2(S04), a t  988 cm-' due to v1(S04) and at 
1088 and at about 610 cm-' respectively due to v3 and v4 vibrations, with the 
polarization characteristics corresponding to the EQ, A g  and Fg species 
respectively. On the other hand, Korshunov et ai4. have reported the presence 
of 4 Raman llnes in the S-O stretching region alone ie. ,  a t  995, 1107, 1117, 
and 1132 cm-'. However, the present observation on MASD is in agreement 
wlth the observation of four Raman lines approximately with the same 
frequency shifts (451, 990, 1097 and - 610 cm-') in the spectrum of 
CsAl(SO,), 12H20, a typical representative of the /3 alumsg. Because of 
the presence of two mercury lines at 608.6 (h2576.3 8 )  and 640.9 
( A  2578.4 A) cm-', the presence of the Raman line due to (SO,) has to 
be inferred by a comparison Af the relative intensities of the mercury lines. 
I n  the infrared spectrum of MASD also, four bands are observed at 460, 612, 
988 and 1110 cm-' respectively due to  v2, v4, v, and v, modes of the sulphate 
ion. In  the case of MASeD, 4 Raman lines at 349, 414, 8 9 and 866 cm-' 
respectively due to v2, v,, v,  and v3 vibrations and three infrared bands at 
430, 835 and 875 cm-' due to  v4, v, and v, modes of the selenate group are 
observed. The infrared band due to v2 (SeO,) lies below 400 cm-l. 

In the ferroelectric phase of MASD, the site symmetry of the sulphate 
group is only C,. Then all the degenerate vibrations of the sulphate group 
are expected to split into non-degenerate components, the separation between 
the sptit components depending on the strength of the perturbing crystalline 
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field, However, the distortion of the sulpnate group is not very appreciable, 
the infrared spectrum of MASD exhibits three closely spaced absorption 

bands at 1080, 1100 and 11 16 cm-' all due to v, (SO,). Also, the infrared 
bands due to v,(SO,) and v2(S04) are weak, suggesting that the crystalline 
field effect is not appreciable. In  the case of MASeD, the v,(Se04) band 
broadens out with no splitting in the ferroelectric phase. On the other hand 
MCrSD behaves differently (Fig. 6). In the room temperature spectrum two 
absorption bands are present at  1065 and 1113 cm-I due to %(SO4). In the 
spectrum of the ferroelectric phase, three well resolved absorption bands at 
1064, 1106 and 1127 cm-I are observed. The presence of three components 
in the region 1050-1150 cm-' in the spectrum of the ferroelectric phase of 
MCrSD can, however, be due to the lower site symmetry of the sulphate 
group, nrmely C, as in the case of MASD. On the other hand, the splitting 
of the v3(S0,) mode in the room tempxature spectrum and the greater, 
separation of the split components of v,(SO,) in the low temperature spectrum 
suggest that the perturbing crystalline field is comparatively of greater magni- 
tude in the case of MCrSD. , 

6. VIBRATIONS OF CH,NH$ ION 

The assignment of the fundamental vibrations of the methyl-ammonium 
ion with C,, symmetry has been made by Theoret and S a n d ~ r f ~ ' ~  from a study 
of the infrared spectra of methylammonium halides. From a comparison, 
the frequencies observed in the alums are assigned as shown in Tables t -3 
However, the infrared band and the Raman line due to NH: degenerate 
bending observed at about 1580 cm-' in the case of methylammonium halides, 
have not been observed in the spectra of the alums. The presence of four 
Ramen lines in the region 2830-3050 cm-I, which have been shown to arise 
from the methyl group vibrations, has been explained in terms of a resonance 
effect involving the CH, deformation and CH, stretching vibrationszt. In  the 
present case, three Raman lines at  2991, 2927 and 2847 cmyl, all belonging to 
the same symmetry species Ag are observed. Theoret Pnd Saodorfylo, from 
an infrared study of ordinary and C-x and N-deuterated methylammonium 
halides have concluded that the CH, and NH$ rocking modes observed at  
954 and 1275 cm-I respectively, are strongly coupled. In the case of MASD, 
the ND$ rocking mode at 1265 cm-' shifts to lower frequency on dedteration. 
However, the CH, rocking mode at  about 940 cm-I does not appear to shift 
on deuteration unlike in the case of methylammonium halides. The C-N 
stretching vibration falls on the v,(SO,) Raman line in the case of MASD 
and is observed at 983 cm-' in the Raman spectrum of MASeD. In 
the infrared spectrum, it appears at about 1030 cm-'. In  the case of 
deuterated MASD, the Raman line at 936 cm-I and the infrared band at about 
941 cm-' are assigned to C-N stretching mode. This observation indicates 
a strong coupling between the C-N stretching and NH: rocking vibrations. 



7. VlBllATlONS OF H 2 0  

~h~ fundamental vibrations of the bound water are considerably affected 
by H-bond formation and also by the coordination of the water oxygen 
to the metal ion. Also, the restricted rotation of the water molecules about 
the principal axes of inertia gives rise to librations which can be classified 
as H,O rocking, wagging and twisting modes. If the coordinating bonding 
is also prominent, the metal-oxygen stretching mode is observed. Both the 
effect of  H-bonding and that of metal oxygen bonding result in a decrease 
of the frequencies of 0 - H  stretching vibrations and in an increase of the 
frequencies of D,O librations and that of  metal-oxygen stretching. ~r~~ 
Lhese considerations, the Raman lines and the infrared bands observed at 
about 3400 cm-.' and in the rcgion 2800-3200 cm-' are assigned to the 
stretchillg vibrations of the water molecules associated with the monovalent 
and the trivalent ions respectiuely. The assignments of the ohserved 
frequencies to the librations of these water ~nolccules are shown in 
Tables 2 and 3. O n  deuteration, frequencies of vibrations of H,O show an 
isotope shift by a ratio of about 1.3. The appearancc of two infrared bands at 
2090 and at  about 2310 cm-' indicatcs that all the six water molecdes around 
the aluminium are not equivalent. 

I n  these alums the centrosymmetric structure is aohieved by a free 
rotation of the CH,NH, ions or  by a statistical distribution of these ions 
about the three fold axis. In the latter case, the individual unit cells are not 
centrosymmetric and hence the (g ,  u) selection rule need not apply. The 
infrared frequencies can coincide with those found in Raman effect; but 
because of the limited dispersion of the instruments employed, it is difficult 
to conclude from the spectroscopic data whether the unit cell is centro- 
symmetric or not. 

8. VIBRATION SPECTRUM AND FERROELECTRTCITY 

In  the paraelectric phase the CH,NH$ ion is either rotating or statisti- 
cally arranged about the three fold axis. Both the X-ray and the spectros- 
copic methods are not able to distinguish between the two possibilities. 
However, in the ferroelectric phase, the CH,NH: ion has a fixed orientation 
in the orthorhombic lattice2. Also, the six water molecules no longer form 
six of the nearest neighhours of the CH,NH$ ion with a mean contact 
distance of 3.55 A ; but instead form two groups of three which are at 
respective distances of 2.98 and 4.21 A from the NHj- ion. Also, the six 
water molecules associated with the trivalent ion are not equivalent in the 
ferroelectric phase. Considerable changes in the hydrogen bond scheme 
occur on phase transition. Though all the contacts between atoms are 
unaltered, the individual 0-H . . . 0 distances vary from 2.4 to 2.9 A. 



,ypcctroscopic Studies of Ferroelectric Methyl Ammonium Alums 223 

A comparative study of the Raman spectra of MASD at  300°, 200° and 
100% has shown that as the Curie point is approached from the paraelectric 
phase, the vl(SO.,) vibration at 988 tin-I, the CH, stretching mode at 2991 

and the H,O stretching vibration at  3378 cm-' gain intensity and that in 
spectrum of the ferroelectric phase, these vibrations appear with enhanced 

intensity In the infrared spectra of MASD, Mz4SeD and MCrSD, the CH, 
rocking mode at about 935 cm-' gains in intensity in the low temperature 
phase. New vibrations are observed in the region 2750-3000 cm-I. These 
bands are most probably due to the stretching vibrtions of the CH3NH$ ion. 
The other possibility is that these bands together with those in the region 
3000-3200 cm-' may correspond to  the stretching vibrations of the non- 
equivalent water molecules around the trivalent ion, as indicated earlier. 
The band at 3400 cm-' also shows some structure. The broad band at about 
3400 cm-' and the sharp band at  about 3463 cm-' are due to the stretching 
vibrations of the non-equivalent water molecules associated with the 
cH,NH$ ion. The observation of the infrared bands due to CH,NH: 
torsional vibrations a t  about 500 cm-' only In the spectra of the ferroelectric 
phase suggests that the CH,NH: ion possesse- at least C,, symmetry in the 
cubic phase and only the lowest possible symmetry in Lhe ferroelectric phase. 
These abservations suggest that the rearrangement of the CH,NH: ion is 
most probably responsible for  the onset of ferroelectric transition as 
suggested by O'Reily and TsangL2 from N M R  and EPR studies of MASD. 
From the infrared spectra reproduced in Figs. 4-6, it is seen, as indicated 
earlier, that no striking distortion of the sulphate or  the selenate groups 
takes place at the Curie point. 

The authors wish to express their sincere thanks to professor R. S. 
Krishnan for his kind interest in this work and to Professor S. Haussuhl of 
Germany for his generous gift of  a single crystal of MASeD used in this 
investigation. 

REFERENCES 
Pepinskr,R . Jona, F an9 Shirane, G. Phys. Rev.,,1956, 102, 1181. 
lona F. and Shiraoe, G . . Ferroelcctr~c Crystals, Pergamon Press, New 

York, 1962. 

Fletcher, R.O.W. aqd Steeple, H . . Acfa Crysl, 1964.17, 290. 

Okaya, I . Ahmed, M S. Pepinsky, P.. Z. k i s t ,  1957, 109, 367. 
and Vand. V. 

Konhunov. A. V . Kolovrki. A. A. . . Specktroscopiya, Metody i Primenenie, Akad 
and Padgetskaya, R I. Nauk, SSSR Slblrsk, Otd.. 1964, 139. 

Vodorodnaya Svyaz . Akad Nauk, SSSR., h s t .  
Khim. Fir. Sb. Stales. 1964, 138. 



Couture, L. and Mathicu, J .  P. 

HalforJ, R. S. . . 
Nakamoto; K .  . : 

Venkatesh. 0. M a n d  
Narayanaii, P. S .  

Theorrt, A .  a n d  Sandorfy, C. 

Edsall, J.  T. and Scheinbrrg, H. 

0. Reilly, D. E; and Tsang, T.  

. . Ann. de Phys.; 1948, 3.521 

. . Theory o f  Group? and i t s  a ~ p l i c n i i a n  to phyli. 
cal Problen~s. Andhra Unlv Press, waiLatr, 
19P1s 

. 2 1. Cltem. Phys , 1946, 14, 8. 

. . Infrared spectra of inorganicand coordinallon 
%ompoundr, John Wllrj.. and Sons. N,, 
York, 1963. 

. . Sprctrochim A d o  (communicated) 

. . Spectj-orhim Acru. 1967, 2 3 ~ ,  519 .  

. . J. Chem. P ~ I J ~ . ,  1910, 8,  520 

. . PhYs. Rev. 1967, 157,417. 


