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Spectroscopy at Very High Pressures. Part 111.l Raman Spectra of 
Complexes Md[PtCI,) and the Relation of Symmetry Species to Pressure- 
sensitivity t 
By David M. Adams and S. John Payne, Department of Chemistry, The University, Leicester LE1 7RH 

The first systematic Raman study of inorganic complexes using a diamond anvil high-pressure cell is reported. 
It is shown that the pressure-sensitivity of the v(Pt-CI) modes in M2'[PtCls] ( M I  = K, Rb, Cs, TI, NH,), decreases 
in the order Al, > €g > TI?, and this is correlated with the nature of the atom displacements. A probable phase 
change has been located in TI,[PtCI,]. 

ALTHOUGH attention is increasingly being devoted to 
study of the effects of high pressures upon the i.r. 
spectra of inorganic solids2 contained in a diamond 

Part I1,D.M. Adamsand S. J. Payne, J.C.S. Dalton, 1974,407. 

anvil cell (DAC), the equivalent Raman experiments 
have not yet been attempted. Prior to our work the 
sole publications in this area described the effect of 

2 For a recent review see D. M. Adams and S. J. Payne, Awn. 
Rep. A ,  1972, 3, The Chemical Society, London. 

t No reprints available. 
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pressure upon the Ranian spectrum of red mercuric 
iodide ; 3,4 these used straight-through scattering geo- 
metry but this is not a method of general applicability. 
We have shown recently that high quality Raman 
spectra can be obtained by using a DAC in the 180" 
(back-scattering) mode; the present paper gives our 
first systematic results using this technique. 

One of our principal interests in this field is to seek 
relationships between the pressure dependencies of 
vibrational modes and their symmetry species, with the 
eventual object of using the pressure technique to 
establish assignments (to symmetry species) for com- 
pounds which present difficulties in respect of the usual 
means of assignment. For example, it would not be 
possible to determine the symmetry of a mode by the 
Raman polarisation technique if the material was 
insoluble, but a simple pressure study of the spectrum 
could well provide the desired information if there 
existed a body of reliable pressure-symmetry corre- 
lations. It has been shown by others that in complexes 
such as [ZnCl,(terpyridyl)] and cis-[PtBr2(Me2S)J 
the symmetric M-ha1 stretch is more pressure-sensitive 
than the antisymmetric M-hal stretch, although in 
both these cases the sensitive band lost intensity rather 
than shifted. No equivalent Raman work has yet been 
attempted, and no systematic study has been made to 
seek relations between symmetry type and pressure- 
sensitivity. 

For our purpose the isomorphous cubic compounds 
of the series M,I[PtCl,] (MI = K, Rb, Cs, T1, or NH,), 
form an ideal system. The optically active modes for 
the unimolecular cell of factor group Oh are: 

A l ,  v(Pt-C1) v1 TI,, v(Pt-C1) Y 3  

E, v(Pt-C1) v2 7-1, 8(Pt-C1) v.4 
Teg S(Pt-C1) v5 TI, Lattice mode 
TZP Lattice mode 

that the surfaces of the diamond and tungsten carbide 
anvils be adjusted parallel to each other within two or 
three fringes. In the i.r. experiments1 residual bands 
were often seen ( i e .  absorption spectra of extruded 
material). In the Raman experiments the laser can be 
focussed to a precise point a t  the centre of the sample and 
most of the scattered light appears to come from that part 
which experiences the highest pressures. Spectra were 
excited with 632.8 nm radiation, ca. 20 mW at the sample. 
Pressures are quoted in kbar (1 kbar = 108 N m-2). 

RESULTS AND DISCUSSION 
The principal results are shown in the Table and are 

combined with our earlier i.r. data for the same systems. 
Figure 1 shows a typical plot of band frequencies versus 
pressure. The three Pt-C1 stretching frequencies all 
fall within a narrow frequency interval so it is realistic 
to compare their shifts directly. For all five compounds 
the invariable order of pressure-sensitivity is vl(A1,) > 
v2(Eg) > v3(Tlu). However, the values of (Avj/AP) vary 
considerably within the series: for both v1 and v2 the 
order is Cs < K < NH, < Rb < T1. The same order 
is probably followed by v3 but here the frequency shifts 
are smaller and the accuracy of their measurement is 
lower owing to problems of overlap with residuals from 
unpressurised material. It is clear that the pressure- 
sensitivity of the v(Pt-C1) modes is a complex function 
of the entire cell contents, which is not unreasonable as 
the compressibility is determined by all of them. 

Anharmonicity causes a crystal normal mode v j (k)  of 
wave vector k to be volume dependent according to 
equation (1) where V is the volume of the crystal and 

(1) 
d In v j (k)  

Yj(') = - d In 

y j (k )  is the Griineisen parameter, which may also be 
related by equation (2) to the experimentally available 

where the g-inodes are Raman-active and the zt-modes (2) 
are i.r.-active. 
modes have been reliably established for some years. 

Frequencies and assignments of these 
data, and the isothermal coinpressibility Y,,.~ Values 

Av a 
AP Vibrational frequencies/cn-l at  ambient pressure, and pressure-sensitivities - in cn1-l libail for solids h'I,I[l'tCl,> 

J.r.l 
A r -p- - - . - - - -h- - .p  

hV Av Av Av AV Av 

351 0.85 320 0.7 345 0.4 187 0.8 88 0.9 
345 1.45 316 1.05 342 0.4 187 1.0 78 1.0 Rb,[PtCl,] 

cs2 [PtCl,] 337 0.8 311 0.5 332 0-35 186 1.1 70 0.9 
346 1.15 316 0.9 340 0.8 201 1.7 135 0.86 
347 1.6 317 1.1 163 1.2 335 0.65 181 0.5 49 0.6 TI, [PtCl,] 

Raman 
7---- \ 

v1 hu v2 ap v j  ap VQ hP Yd KP YL KP 
K,[P~CI,I 

( Hd) 2 [PtC161 

Values of the slopes of the lines in Figure 1 and similar plots. 
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Raman use have been p~bl ished.~ 
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1973, 27, 377. 

of yj(K) may be computed (subject to various assump- 
tions) on the basis of the theory of long Wavelen@ 
optic modes in ionic crystals: if the theory applies 
at all to our compounds M,I[PtCl,] it is to the lattice 

6 C. Postmus, K. Nakamoto, and J. R. Ferraro, Inorg. Chem., 

7 J. R. Allkins, R. J .  Obremski, C. W. Brown, and E. R. 

8 S. S. Mitra, Indian J .  Pure A p p l .  Plzys., 1971, 9, 922. 

The compounds used wcre those iiiaclc for a previous i.r. 
Details of the DAC and the technique of its 

It is very important 
a J.  W. Brasch, A. J. Melveger, and E. R. Lippincott, Chenz. 

' C. Postmus, V. A. Maroni, J. R. Ferraro, and S. S. Mitra, 

D. M. Adams, S. J. Payne, and K. Martin, Appl .  Spectroscopy, 

1967, 6, 2194. 

Lippincott, Inorg. Chem., 1968, 8, 1450. 
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modes v L ;  the pressure-dependence of the modes of the 
covalently-bonded anion are outside the limits of 
applicabiiity of this theory. It is known, for example, 

' -_I 
5 10 15 20 180, 

2001 
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P 1  kbar 
(4 fbl 

FIGURE 1 Pressure depcndence of anion internal modc 
frequencieslcm-' for (a) Ii2[PtCl,,], (b)  TI,[PtCI,] 

that the experimentally determined Gruneisen para- 
meters for crystals such as ZnS are significantly different 
from those calculated on the ionic model.g I t  appears 
that no explicit theory has been formulated that is 
suitable for discussion of the pressure-dependence of 
complex ionic crystals. It is sometimes assumed that 
all values of y j (0 )  are the same for all values of j ,  but 
our data clearly show that this is not the case for the 

compounds hl$[YtC&]; if - - = constant it 

follows that the higher mode frequencies will have the 
highest pressure dependencies, but this is the reverse of 
what is found experimentally. Thus, for the Tllc 
species, v4 is more sensitive than v3. 

Although we are not a t  present able to rationalise the 
absolute values of the observed shifts, a simple quali- 
tative explanation holds for the observed order of 
v(Pt-C1) sensitivities. The atom displacements, shown 
diagramatically in Figure 2, indicate that since v1 is a 
volume pulsation mode it will be the most highly 
pressure sensitive. In the v2 mode there is partial 
compensation of volume during the vibration but the 
net effect is still a volume pulsation, although less than 

vjtk) (':!I) T 

C,-axis is considered, v3 is entirely self-compensated. 
The order of volume increase during one cycle of 
vibration is thus v1 > v2 > v3 in accord with the observed 
order of shifts. Although this approach is qualitative 
it is a t  least a move in the right direction because the 
route to explicit calculation of the Griineisen para- 
meters starts with the first anharmonic potential (3) 
and involves knowledge of atom displacements U ,  ( K) , 
etc., where the Greek subscripts refer to co-ordinate 
directions, and the summation is over all atoms k in all 
unit cells Z. Q Is a matrix of force constants related to 
the normal elastic constants of the solid. 

2 
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The bending frequencies v4 and v5 [only for one salt 
(MI = T1) was v j  clearly seen, due to overlap with a 
plasma line] are highly pressure-sensitive. This also 

AIJ fJ 

FIGURE 2 Approximate forms of thc A I p ( ~ l ) ,  E,(v2) ,  and TlU(v3) 
internal modes of an octahcdral complex 

may be rationalised on a simple model. The structure 
of Md[PtCl,] can be described as that of a [PtCl,]Z- 
ion with one Kf located over each triangular face and 
along the C3-axes. Upon compressing the lattice each 
cation will tend to force the three nearest neighbour 
chlorines apart; this will, of course, happen sym- 
metrically on each face. The net result will be to 
increase the constraint on the bending modes (v4, v5) 
more rapidly than on the stretching modes. 

For TI,[PtCI6] the change in Slope of the V j  us. P plot, 
Figure l(b), indicates a phase change; it is desirable 
that this be confirmed by X-ray methods. 
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