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A recent analysis l of the nuclear quadrupole reso­
nance (NQR) frequency data for the 3sCI resonance in 
the cubic crystal K 2PtCl6 yielded an average frequency 
of ,,-,60 cm-l at 3000 K for the rotary lattice mode. This 
result is of particular significance since the rotary mode 
(symmetry species Fig) is forbidden both in infrared 
absorption and in Raman scattering. It is the purpose 
of this Note to extend the analysis of the NQR data 
to deduce the effect of pressure on the rotary mode 
frequency and to compare the result with correspond­
ing results reported by Ferraro2 for the three infrared 
active vibrational modes (symmetry species Flu) of 
K2PtCI6· 

The rotary mode frequency may be obtained from 
the NQR frequency data using the formula 

(1) 

where .1vrot= .1vexpt- .1vint is the shift in the NQR fre­
quency at temperature T from the static lattice value 
Vo due to the rotary lattice mode, and I is the moment 
of inertia of a PtCl6 octahedron about one of its sym­
metry axes. The quantities .1vcXI>t and .1/1int are the 
experimental frequency shift and the shift due to the 
internal vibrational modes of a PtCl6 octahedron. 

When the NQR frequency is measured at constant 
temperature T as a function of the applied pressure, 
the small frequency shift O/lexpt= .1/1cxpt(P) - .1/1cxpt( O) 
that is observed may be attributed to the change in 
the vibrational mode frequencies resulting from the de­
crease in sample volume. [.1/1expt( O) is the frequency 
shift measured at temperature T and ambient pressure; 
.1/1cxpt(P) is the shift measured at the same tempera­
ture but at pressure P]. It will be assumed that /10 and 
I are independent of pressure. This should be a reason-

TABLE 1. Pressure dependence of vibrational mode frequencies. 

wi 
Ambient 

Vibrational pressure owi/oP 
mode (cm- I ) (cm-I • kbar-I ) 

Q3 (Flu) 345 0.62' 
Q. (Flu) 185 0.60' 

Qs (Flu) 87 0.76' 
Q. (FIg) 60 0 .6(4) 

able approximation since the dominant effect of pres­
sure is to change the K - K separation rather than to 
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alter the dimensions of the PtCl6 octahedra.3 It then 
follows by differentiation of Eq. (1) that 

(2) 
with 

O/lrot/ OP=O/lexpt/ OP-O/lint/ OP; 

O/lint/OP and O/lrot/OP are the contributions to O/lcxpt/oP 
from the internal modes and the rotary mode, respec­
tively. 

The term O/lint/ OP is considerably smaller than 
O/lrot/ OP, and therefore, it is sufficient to give a first 
order estimate of it. By differentiation of Eq. (7) of 
Ref. 1 it follows that 

6 

O/lint/ OP = L (O/lindOP) 
i=3 

6 

= - L (2/ Wint i ).1/1int;(OWindOP) (3) 
;=3 

if a high temperature approximation is taken and if 
the pressure variation of .1/1int is assumed to be due 
entirely to the pressure variation of the internal mode 
frequencies Winti . 

For the infrared active internal modes Q3 and Q4, 
oWindoP has been measured2 to be ~0.60 cm-I ·kbacl • 

Assuming that the corresponding coefficients for the 
modes Q5 and Q6 are also ~0.60 cm- I. kbac l , and using 
the calculated values for .1/1inti and the measured values 
of Wint; quoted in Ref. 1, it follows from Eq. (3) that 
O/lint/OP= 0.60 kHz kbac1 at 300oK. About 85% of 
this contribution is due to the modes Qs and Q6' The 
quantity O/lcxpt/oP has been measured3 to be 4.8(5) 
kHz kbar- I at 300oK; therefore, owrot/oP=4.2(0) kHz 
kbar- l . Substituting Wrot= 60 cm-t, .1/1rot= -196 kHz, 
and O/lrot/ OP into Eq. (2) gives oWrot/oP=0.6(4) cm-I. 
kbar- I. The reliability of this result depends somewhat 
on the correctness of the value OWint/ OP taken for the 
Q5 and Q6 modes. For example, if a value of 0.50 cm-I• 
kbar-I had been used, the deduced value of OWrot/OP 
would have been increased to 0.6(6) cm-I ·kbar-I. 

Table I shows the comparison of the various values 
of owi/ oP. It is seen that the pressure dependence of 
the rotary lattice mode as deduced from the NQR data 
is similar to the pressure dependence of the vibrational 
modes Q3, Q4, and Q8 as obtained directly from the 
infrared measurements. This reasonable result provides 
further evidence to support the thesis that the NQR 
technique offers a practical means to investigate low­
lying librational modes. 
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