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THE NH; DEFORMATION VIBRATIONS IN THE HOFHMANN-TYPE CLATHRATES
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The infrared spectra of Hofmam-itype clathrates
M(NH3)}3Ni (CN)g-2CgHg, where M = Hg, Ni, Co, Zn, Hn,
and Cd were siudied Iin the regiom 1500-400 cem~!  and
were compared with t sorresponding spectra of the
"empty clathrates” 3 WL (CR ) .

In all & 2 clathrates, a considerable 3plit-
ting of +thne bands in the reglon of symmetric NHy
deformatinm vibratioms (1250-1100 cm~l) nas been
obsereved. The magnitude of this splitting and the
ratio of the intensities of these bands varies de-
pending on a metal M(II) attached to the ammonia
molecules. The origin of this splittimg has been
discussed Iim terms of second-order tramsitioms due
to increased anharmoniicity of p(NHy) motions.

INTRODUCTTON

The series of Hofmann-type clathrates formed between a
diammine-M(I1) tetracyanconickellate(II), as the host Ilattice
and an aromatic cempound CgHg, as a guest moelecule, have been
pPrepared. The genmewral formula of the studied compounds is
M(NH3) N1 (CN) g4~ 2Ceis, where M = Mg, Ni, Co, Zn, Mp and Cd.

The crystal struocture of most of these clathrates has
been determined by X-ray metheds [1,Z], while the crystal data
of some of them have been determined by X-ray diffractional
patterns [3]. The Hefmanm-type clathrates pelong toe tetrago-
nal system, space group Pd/m withh Z = 1. The basic structure
consists of Dhost layers M(NHz)Ni(CN)y and of henzene guest
molecules which are trapped in the c¢avities between these
sheets. The c¢losest hest-guest contact is 360 pm, and corres—
ponds to the distapee of the NHy ligamds from ithe host
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However, our infrared spe-
ctra of the studied clathrates,
indicate that a slightly diffe-
rent approach has to be adopted
in the interpretation of the
bands in this region for at
least two reasons : Firstly,
the freguency of the symmetric
NH, deformation vibration (aroc-
und 1250 to 1200 c¢m~1) does
not change (or changes insigni-
% ficantly) compared to the cor-
responding frequency of the
i "empty" clathrates, which 1s
* : something one should expect Iif
Ni-Ni-Bz Fermi  resonance is present

. This is also the case with the

s 4 Lt frequencies of the antisymmet-

s o I I ric NHj deformation vibration

and librational mode. Secondly,

NN AEGOPAER  SlaVREat e the estimated position of the

and Ni-N1-Bz clathrate in "overtone” of NH3 rocking Vvib-

the 1600-500 cm~1 region. ration deviates considerably

from the frequency of the

transmission minimum. The schematic representation, shown on
Table I, confirms this clearly.

The estimated position of the 2p(NH3) vibration in the
stédled clathrates 1s either nearer to the high frequency or
to the low frequency band, but there are some clathrates (like
C3-Ni-Bz and Mn-Ni-Bz) in which it "falls" outside this region.

Although the possibility of Fermi resonance Iinteraction
can not be ruled out, 1t seems that some other effects have to
be considered in order to explain the exsistance of the two
strong infrared bands 1in the 1250-1100 cm~! region of the
studied clathrates.

The point group symmetry of the M(NH3)p group, in which
the NH3 molecules can be considered to have free rotation, is
D p While the point group lsomorphous with the factor group
of the crystal is Cyp The correlation made between these two
groups [8] reveals that there are two librational NHz modes
which are doubly degenerated (having Ej; and Eg symmetry) and
four deformational modes (having A, 4Ag By and Eg symmetry).

The possible candidate "responsible" for the appearance
of the strong infrared band at around 1150-1100 cm~! (see

.

Transmission

1

Fig. 1 :  The IR spectra of
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lattice and CH groups from the benzene molecules. The NHg3
iigands are attached to the metal, M(II), forming an infinite
c¢haln along the c¢-axls of the crystal.

As a part of a study on Hofmann (and Hofmann-T4)- type
clathrates (4,51, we recorded their infrared spectra in the
region of NHj deformation vibrations and librational motions.

The only infrared spectra on these compounds were publi-
shed more than 20 years ago [6]. The splitting of the bands
in the region of the NH; symmetric vibrations was discussed in
terms of Fermi resonance interaction between the rocking NHj3
vibration and the symmetric deformation of the NH3 molecules
However, after a more carefull investigation of the infrared
spectra of Hofmann-type c¢lathrates, we propose somewhat dif-
ferent explanation for the "splitting" of the bands in ‘this
region,

EXPERIMENTAL

The Hofmann-type clathrates and their residual host lat-
tices have been prepared by the methods reported previously
4, 71. In order to ensure that the clathrates consist of two
benzene molecules, the C and H microcanalyses were carried out
on the COLEMAN C-H analyser,

The 1infrared spectra were recorded on PerKin-Elmer 580
spectrotrophotometer, from KBr pellets or mulls in Nujol. The
low-temperature VLT-2 cell was used for LNT-IR studies.

RESULTS AND DISCUSSION

The infrared spectra of one of the studied clathrates and
its corresponding "empty" clathrate in the region of antisym-
metric, symmetric deformation and librational modes of the NH3
molecules are shown on Fig. 1. Apart from the IR bands due to
the guest molecules (markKed with asteriskKs on Fig. 1.), all
other bands are due to the modes of the host lattice.

Attention was paid to the splitting of the strong infra-
red band in the 1250-1100 cm~1 region which has been observed
only in the spectra of clathrates, but not in the spectra of
"empty" clathrates. The splitting of this bahd, as mentioned
in the introductilon, has been suggested [6] to originate from
the Fermi resonance interaction of the NH3 symmetric deformat-
ion vibrations with the overtone of the NHj rocKing vibration.
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Table I : Schematic representation of the frequency distribut-
ion of the antisymmetric and symmetric deformation and p(NHj)
vibrations (full lines) and the estimated position for the
"overtones" of the p(NH3) vibrations (arrows)

Gas 6s P
Mg-Ni | | |
Mg-Ni-Bz 1 g1 i
Ni-Ni 1 | l
Ni-Ni-Bz 1 1 |
Co-Ni | 1 |
Co-Ni-Bz 1 1 2 i
Za-Ni | | ]
Zn-Ni-Bz ’ 1 $ 1 i
Nn-Ni J 1 . I
Ma-Ni-Bz l I I ¢ [
Ca-Ni 1 I l
Ca-Ni-Bz 1 } 1 + | g c - -
1700 1600 1500 1300 1200 1100 700 600 500 cn”’

Tabkle 1I) could be the combination band originating from the
sum of the two fundamental librational modes of the NHz mole-
cules in the M(NH3), group, s 9 e. Eyy + Eg. The frequency of
one component of this summation band is Known from our infra-
red spectra, while the other is Raman active. Unfortunately,
we did not have success in recording the Raman spectra of
these compounds and no literature data have yet been found.
Nevertheless, 1t is expected that the Raman active mode of the
NH4 rocking vibration will be somewhere around the correspon-
ding infared active mode (from 600 to 500 cm~1). Therefore,
the sum Ey + Eg is expected to fall in the 1150 - 1100 cm~1

region {(see Fig. 1 and Table I).

However, the intensity of this combination band (or seco-
nd-order transition band) is extremely high with respect to
the theoretically expected one. The origin of this unusually
high infrared intensity may be understood in terms of strong
mechanical (and probably electrical) anharmoniclty connected
with the motions of the NH3 molecules which have librational,



273

rather then deformational character. The gquestion arises natu-
rally, why these vibrations are more sensitive to mechanical
anharmonicity than the others and why the "splitting" of the
band at around 1150-1100 cm~! is not visible in the “"empty"
clathrate 7?7 One of the possible answers for both of these
questions may be the existance of some Kind of host-guest
interaction in the H(NHg)zNi(CN)4-205H5 type of compound.

An evidence for a host-guest interaction has already been
detected 1in the infrared spectra of the studied clathrates
[4,5]1 at LNT. It was found that the C-H out-of-plane deformat-
ion vibration in guest benzene molecules splits into two bands
as the volume of the unit cell decreases in the order : Cd,
Mn, Zn, co, Fe, Ni and Mg. It 1s therefore, not surprising
that the host-guest interaction will also have influence on
the infrared spectra on the host lattice. This influence will
probably be most prominent in the type of vibrations which are
mainly dependant on the motion of H atoms in NHz; molecules,
thus resulting in their high anharmonicity.

The above conclusion is supported Dby the results from
the X-ray data (3] in which it was found (as mentioned in the
introduction) that the nearest host-guest contact 1s 360 pm
and 1s ©between the NH3 molecules from the M(NH3)z; group and
the CH from the benzene molecules. It view of this result, one
would presume that that the CH out-of-plane vibrations in the
benzene (guest) molecules and the rocking vibrations of the
NH3 molecules (from the host lattice) will be the first +to
exhibite the influence of host-guest interaction in the Hof-
mann-type clathrates.

The proton magnetic resonance spectra of CA(NH3)2N1i(CN)gy
*2CgDg showed [9] that there is a considerable proton-proton
repulsion around the protons of an ammonia molecules. The p-p
distance have been obtained to be 178 pm which is 16 pm longer
than in gaseous ammonia. In addition to this, the w-electron
system of the surrounding benzene molecules may attract the
protons of ammonia towards the benzene molecules thus fbrmlng
weakK H-bond. The observed strong anharmonicity in the studied
clathrates may be caused by at least one of these factors.

The X-ray diffractional data and the NMR spectra, as well
as our infrared spectra of these compounds seems to impose the
idea that non-bonded proton-proton interactions have a consi-
derable influence on those .types of vibrations in which the
motions ‘of H atoms are domihant, such as NH3 rocking vibra-
tions 1n the host lattice and CH out-of-plane vibrations in
the -guest (benzene) molecules.




274

REFERENCES

[LT J. H. Rayner and H. M. Powell, = Chem Soc¢., 319 (1952).

[2] R. Kuroda and Y. SasaKl, Acta Crystallogr., B30, 687
(1974).

[3] T. Nakano, T. Miyoshi, T. Iwamoto and Y. Sasakl, Full.
Chem. Soc¢.  Japan, 40, 1297 (1967).

[4] E. PopovsKl, Diplomska rabota, PMF Skopje, 1989

[5] L. Andreeva and B. Minceva-SukKarova, XIX Europeéan Congress
on Molecular Spectroscopy, Dresden, GDR, 1989, Abstracts
of lectures and poster contributions, P175, p. 189-190

[6] T. Miyoshi, T. Iwamoto and Y. Sasakli, Inorg. Chim Acta,
1, 120 (1967).
(71 T. Iwamoto, T. Miyoshi, T. Miyamoto, I. SasakKl and
S. Fuljiwara, Bull. Chem Soc¢. Japan, 40, 1174 (1967).
[8] V. PetrusevsKi, unpublished data.
[91 T. Miyamoto, Inorg. Chim Acta, 3, 511 (1969).

u3BOL

OBJIACT HA IOE®OPMALIMOHM NH; BUBPAIYK BO HOFMANN-OB THII HA
KIATPATH

J. AHZpeeBa ¥ B. MuHYeBa-llyKapcBa

UHCTUTYT 3a XeMHja, [IpuponHO-MaTeMaTH4YKu darynreT, [omT. ¢ax
162, 91000 Ckonje

HCcOUTyBaHM Ce UWH$paUpPBeHHTE CIeKTPM Ha Hofmann-oB TUN Ha
KIaTpaTyh co onmTa $opMyna : M(NH3)N1(CN)y-2CgHg Kazme mTo M =
Mg, Ni, Co, Fe, Zn, Mn u Cd, BoO oblacTa on 1600 mo 400 cem~! u
CHopenyBaHM Ce CO TaKaHape4YeHUTe "IIPa3HM KiaTpaTU", CO OoIomTa
dopMyna - M(NHj3) o Ni(CN) 4.

Bo uMHé¢palpBeHUTE CIEeKTPM Ha HCIUTYBAHUTE KIATpaTH 3abelne-
KEeHO e pacluenyBase Ha JIeHTUTe BO oblnacTa 1250-1100 cm~ 1,
TFoneMHUHaTa Ha pacluenyBampeTo [OMer'y oOBHE [Be JEeHTH M pacnpenesn-
6aTa Ha HUMBHUTE MHTEH3UTETH € Ppal3iIMyHa Kaj Pa3JHW4YHK KIaTpaTH #
3aBMCH OO MeTajnoT 33 KOJUTO Ceé KOOPAMHMPAHM MOJIEKYyJIUTe Ha
aMOHMjakK.

BakBoTO pacluenyBame HajBepojaTHC €& pe3ynTaT Ha IPeMHMH Of
BTOP PeZ HacTaHaT KaKoO pe3yiaTaT Ha CHIHa AHXaPMOHMYHOCT Ha
NMOPAUMOHUTE INBHXEeBa Ha NHy MONEKYINTE.



