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The bulk polariton modes originating from the lattice vibrations of the S04-groups in 
K2Mg2(S04)3 have been experimentally studied by means of the ATR (attenuated total 
reflection) method at room temperature. The comparison of the recorded ATR-spectra with the 
simulation of the ATR-spectra by an oscillator fit shows a satisfying agreement. An assignment 
of LO- and TO-frequencies based on the results of the oscillator fit is given. 

Introduction 

The crystal s t ructure of natural K 2 M g 2 ( S 0 4 ) 3 
(langbeinite) has been solved in [1] for the first 
time. This compound belongs to the space group 
P2 ,3 at room tempera tu re and therefore the infra-
red active modes to the species T. An early inves-
tigation shows that the spec t rum of the fundamenta l 
optical phonons in K 2 M g 2 ( S 0 4 ) 3 is devided into 
two parts [2]. In the low f requency region up to 
about 650 c m - 1 there are modes originat ing f rom 
librations and vibrat ions of the heavy potass ium-
and magnes ium-a toms and S 0 4 - g r o u p s . In the fre-
quency region 1000 ^ co ^ 1300 c m - 1 there are 
lattice vibrations f r o m the S 0 4 - g r o u p s only. The 
experimental t echnique that allows for the observa-
tion of bulk polar i tons by A T R (at tenuated total 
reflection)-spectroscopy has been described earlier 
in [3 -7 ] , A detailed descript ion is therefore omited. 
Only impor tant facts are briefly reported. In the 
case of a polyatomic cubic crystal the dispersion 
relation of bulk polar i tons is given by 

co 1 / A co?i — co2 

^ - y ^ n - r — 2 - o ) c r j— i cofj — w 

see [8, 9]. Equat ion (1) describes the propaga t ion of 
undamped bulk polar i tons with the wave vector kBP 

and the f requency co th rough the crystal. The index j 
covers the n u m b e r of inf rared active normal modes, 
which are in quest ion. coLj denotes a longitudinal 
optical phonon e igenfrequency, coTj a transversal 
optical phonon e igenfrequency and £ x the dielectric 
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constant above the infrared reststrahlen bands. In 
accord with the experimental condi t ions given 
below the reflectivity Rtm(ol, co) of a transverse 
magnetic (TM) incident e lectromagnet ic wave as a 
function of the angle of reflection i and the fre-

100 

100 

100 

100 

75 

50 

25 

0 

Fig. 1. Infrared reflection spectra of K2Mg2(S04)3 (lang-
beinite) recorded by the ATR-technique in ~TM-geometry, 
ATR-medium air and different angles of reflection. 
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Fig. 2. Infrared reflection spectra of K2Mg2(S04)3 (lang-
beinite) for TM-geometry, ATR-medium air and different 
angles of reflection, simulated by a three oscillator model. 

quency co becomes (2) 

| / e ( w ) kBp cos a - nx j /fcjp - k\ 2 

ATM(a, co) = ———: ~ . 
V e(a>) kBP cos a + n} y kip - kl 

The wave vector-component kx of the incident 
infrared electromagnetic radia t ion depends on the 
angle of reflection a as follows: 

kx = — nx sin a , (3) 
c 

where nx denotes the refractive index of the iso-
tropic A T R - m e d i u m over the surface of the sample . 
If (1) is squared, the f requency d e p e n d e n d dielectric 
function £(<w) of a cubic po lya tomic crystal is 
obtained: 

c1 kl? " col, - co2 

s(co)= J S L ^ - n - f 2- (4) 
CO j= I COjj — CO 

Fig. 3. Turning points of the reflection spectra and disper-
sion branches a>(k) of the undamped bulk polaritons 
originating from the lattice vibrations from the S0 4 -
groups in K2Mg2(S04)3 (langbeinite) as calculated by a 
three oscillator model. Full circles: ATR-medium air. Full 
squares: ATR-medium KRS-5. 

Table 1. Final assignment of LO- and TO-frequencies and 
damping parameters of K2Mg2(S04)3 (langbeinite). 

j Ly- coTj yj 
o n - 1 cm - 1 cm - 1 

1 1252 1247 10,5 
2 1239 1166 8,0 
3 1162 1139 10,5 
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Experiments and Results 

It is well known that the edges of the reflection 
bands in A T R exper iments characterize the polariton 
dispersion branches (i.e. the turning points of the 
edges), see again [3, 6]. It can easily be shown f rom 
(2) that the reflection becomes perfect at a given 
angle a. a given refract ive index nx of the ATR-
m e d i u m and a given f requency co (i.e. one of the 
turning points of the edges of the infrared rest-
strahlen bands) if the condit ion 

k w = k x (5) 

is fulf i l led. All experimental data points in Fig. 3 
are extrapolated f rom the recorded spectra in this 
way. The oscillator fit was done by use of (1), (2), 
(3) and (4) by f inding an assignment of LO- and 
TO-f requenc ies and introduct ion of a damping term 
( - / yj co) in the numera to r and denominator of (1) 
and (4), respectively. The sample of K 2 M g 2 ( S 0 4 ) 3 

was a plate ( 4 x 8 x 2 m m ) of natural langbeinite and 
polished with d i amond paste. The experimental 
a r rangement was the following: The electric vector 
of the infrared radia t ion was polarized in the plane 
of incidence (known as TM-geometry) , the ATR-
m e d i u m s were air {n} = 1.00) and a KRS-5-hemi-
cylinder (n^ = 2.38), the angles of reflection were 
varied with an ATR-un i t (Beckman ATR U N I T 
TR 5) in the range f rom 25 to 65 degrees, a grat ing 
spec t rophotometer (Perkin Elmer 580 B) and a 
resolution of 2.3 cm" 1 was used. The sample and 

the A T R - m e d i u m in the experiments had direct 
contact. T h e reflectivity was quantitatively measured 
by using a surface mirror . 

F igure 1 shows a typical series of ATR-spectra 
recorded for d i f ferent angles and the A T R - m e d i u m 
air over the surface of the sample. The dispersion 
branches in quest ion originate f rom the lattice 
vibrat ions of the S 0 4 - g r o u p s in K 2 M g 2 ( S 0 4 ) 3 . The 
results of the classical oscillator fit by using three 
infrared active oscillators are represented in Figure 2. 
The compar i son of the recorded ATR-spect ra f rom 
Fig. 1 with the s imula ted ATR-spectra f rom Fig. 2 
shows a satisfying agreement . The final assignment 
of the LO- and TO-f requenc ies with the damping 
parameters y, of the best fit are given in Table 1. 
The used value of £ x was 2.25. F igure 3 shows the 
measured dispersion branches (data points) of the 
u n d a m p e d bulk polar i tons in K 2 M g 2 ( S 0 4 ) 3 and the 
calculated branches (full curve), using (1), the 
f requencies given in Tab le 1 and the value of £°° 
given above. The agreement is again satisfactory. 
These results give rise to the conclusion that three 
infrared active optical phonons character ize the 
spectrum of K 2 M g 2 ( S 0 4 ) 3 in the f requency region 
1000 co =i 1300 cm" 1 . 
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