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Polarized infrared reflection spectra of Sr(C103)2 single-crystal plates are recorded and analysed 
for the frequencies of the transversal and longitudinal optical zone-centre phonon modes and other 
oscillator parameters by Kramers-Kronig analyses and both the classical 3 parameter (dielectric 
sum-function) and the 4 parameter (factorized form) oscillator-fit methods. The frequencies com-
puted are compared with the results of previous single-crystal Raman studies. Because of the great 
distortion of the C10 3 ions (site symmetry C J , no intraionic coupling of the CIO vibrations to 
symmetric ( v j and asymmetric (v3) stretching modes occurs. The TO/LO splittings of respective CIO 
unit-cell group modes rank like the vector elements of the corresponding CIO bonds with respect 
to the crystal axes. 
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1. Introduction 

The energies (frequencies) of transversal optical 
(TO) and longitudinal optical (LO) phonons of solids 
are available from inelastic neutron scattering tech-
niques as well as from IR reflection spectra using 
Kramers-Kronig analyses and oscillator-fit proce-
dures, respectively (see for example [1]). In the case of 
compounds which crystallize in acentric space groups, 
the TO and LO phonon modes can also be established 
by single-crystal Raman experiments [2-4], We have 
performed such Raman studies on Sr(C103)2 single 
crystals [3]. However, assignment of the spectra ob-
tained was not unequivocally possible. In order to 
confirm and complete these results we recorded polar-
ized single-crystal IR reflection spectra of Sr(C103)2 

and calculated the TO and LO phonon energies using 
the fitting procedures mentioned above [1]. More re-
cent investigations on LO phonons of acentric com-
pounds using both IR and Raman experiments are 
scarce (see, for example, Razzetti et al. [5]). 

Sr(C103)2 crystallizes in the space group Fdd2-C2^ 
with Z = 8. X-ray single-crystal structure data are re-
ported in [6], The result of group theoretical treatment 
(unit-cell group C2v) is given in Table 1 [6], 

Reprint requests to Prof. Dr. H.D. Lutz, Anorganische 
Chemie I, Universität GH Siegen, W-5900 Siegen. 

2. Experimental 

Single crystals as large as 27 cm3 in size were grown 
from aqueous solutions by controlled evaporation at 
40 °C [7], 

For the IR studies, the crystals were cut to give 
plates of about ( 1 2 x 1 2 x 3 ) mm 3 in size. The surface 
were (100) and (001) planes, respectively. The orienta-
tion of the crystal axes was determined by both X-ray 
and optical methods [8]. 

The measurements were performed at near normal 
incidence on a Bruker IFS-114 Fourier transform 
interferometer in the range 40-1800 c m - 1 . An alu-
minium mirror was taken as a reference. Polarized 
IR radiation was obtained using gold wire grid-type 
polarizers with Polyethylen and KRS5 substrate for 
the low and high frequency region, respectively. 

The polarized IR reflection spectra were converted 
into the dielectric dispersion relations by means of 

Table 1. Unit-cell group analysis of zone centre phonon 
modes of Sr(C103)2 . 

c2v n "T tij. % "I 

A, 13 z 3 3 6 IR, RA 
A-. 13 - 4 3 6 RA 
B, 14 X 4 3 6 IR, RA 
b2 14 Y 4 3 6 IR, RA 

n, total amount of irreducible representations; nT, transla-
tions; nT, translational modes; nx, internal (stretching and 
bending) modes of the C10 3 ions. 
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Fig. 1. Polarized IR reflection spectra ( , 4 PM oscillator 
fit) and dispersion functions ( , e"; , — Im(l/e) of 
Sr(C103)2 single crystals; A x : (100), E || c; Bx : (001), E || a\ 
B2: (001), E || b. 

both Kramers-Kronig analyses and oscillator-model 
calculations using the classic dielectric sum function 
(3 parameter model) as well as the factorized form of 
the dielectric function (4 parameter model). Details are 
given elsewhere [1, 8]. The transversal and longitudi-

nal optical phonon frequencies, i.e. coTO and coLO, were 
determined directly as oscillator parameters or from 
the peak positions of the imaginary parts of the dielec-
tric constant e" and the inverse dielectric constant 
— Im(l/e), respectively. 

3. Results 

Polarized IR reflection spectra of Sr(C!03)2 single 
crystals and various dielectric dispersion relations are 
shown in Figure 1. Additional spectra and dispersion 
functions are given in [6, 8]. The oscillator parameters 
and the frequencies of the TO and LO phonon modes 
are given in Tables 2 and 3. 

The main results obtained are that (i) the TO and 
LO phonon frequencies calculated with the 4 parame-
ter oscillator fit model best fit the respective Raman 
data (see Tables 3 and 4 and Fig. 2), (ii) the damping 
constants yLO are not always larger than yTO as it is 
reported in [10] for the one oscillator case (see 
Table 2), (iii) the Raman band at 1074 cm" 1 is un-
equivocally a LO mode of the CIO stretching vibra-
tions, and not a two phonon band as discussed in [3] *, 

* The lack of LO modes for the C10 ( 1 ) and C10,2) vibra-
tions in the A t (LO) Raman spectrum of Sr(C103)2 discussed 
in [3] is due to the small TO/LO splittings of these vibrations 
in species A j . 
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100 120 140 160 [cm"1] 
Fig. 2. Oscillator fit of a polarized FIR reflection spectrum 
(E || c) of a (100) face of Sr(C103)2 ; , 4 P M model; 

, 3 PM model. 

and (iv) the TO/LO splittings of the CIO stretching 
vibrations mainly reflect the vector elements of the 
CIO bonds with respect to the crystal axes (see Table 5), 
i.e. the band intensities, which are expected on the 
assumption that the vibrations of the three CIO arms 
of the CIO3 ions are intraionically uncoupled [3]. 

4. Discussion 

The results obtained confirm the recent findings [1] 
that, owing to the strong distortion of the CIO J ions 
in Sr(C103)2, intraionic coupling of the CIO stretch-
ing vibrations to a symmetric and two asymmetric 
ones does not occur. The vector element of a hypo-
thetical symmetric CIO stretching mode ( v j would be 
largest with respect to the c axis of the structure, i.e. 
42.67 compared to 17.64 and 34.75 with respect to the 
a and b axes, respectively, and, hence, the lowest en-
ergy CIO stretching mode, which would be the sym-
metric one in the case of undistorted CIO3 ions, 
should possess the greatest intensity and TO/LO split-
ting in species Al. This is not the case, as shown in 
Fig. 1 and Table 2. 

However, there are two findings which cannot be 
interpreted so far. (i) The TO/LO splitting (and the 

Table 2. Oscillator parameters ( c m - 1 ) of the zone-centre 
phonon modes of Sr(C103)2 obtained from IR single-crystal 
reflection spectra by the 4 parameter oscillator fit method. 

4n Qa 
VTO yLO Assignment 

A, £ o o =2 .37 

1.03 82 8.9 86 9.9 T' 
0.99 109 29.8 114 23.8 R 
0.85 128 16.5 133 12.6 R 
0.50 137 16.1 147 18.3 R 
0.56 158 14.7 174 9.6 T' 
0.47 191 23.2 228 19.6 T' 
0.06 511 4.4 517 5.3 (̂C103) 

"(Cio3) 
V(Cl-Ou)> 
V(Cl-0(3)) 

0.07 616 10.2 625 10.5 
(̂C103) 

"(Cio3) 
V(Cl-Ou)> 
V(Cl-0(3)) 

0.01 893 10.0 894 9.8 

(̂C103) 
"(Cio3) 
V(Cl-Ou)> 
V(Cl-0(3)) 0.22 1029 21.4 1078 13.7 

(̂C103) 
"(Cio3) 
V(Cl-Ou)> 
V(Cl-0(3)) 

B, £co = 2.54 

1.89 82 18.4 88 17.1 
2.54 107 15.0 130 12.5 
0.34 145 10.4 153 9.4 
0.25 163 9.8 172 10.6 
0.47 200 26.7 227 27.9 
0.04 476 4.3 478 5.5 
0.02 517 6.8 519 7.9 
0.03 624 8.9 627 9.0 
0.34 905 11.2 929 7.8 
0.15 947 10.8 1007 14.6 
0.01 1022 18.5 1028 24.3 

B, = 2.57 

13.2 36 7.4 56 9.1 
0.77 63 19.2 73 25.0 
0.80 122 10.5 127 8.6 
0.57 135 10.9 139 9.9 
0.57 144 12.5 162 15.3 
0.42 181 20.2 209 13.7 

0.01 475 5.4 476 5.8 
0.05 518 5.2 523 5.5 
0.05 624 8.2 629 9.9 
0.18 911 8.3 934 8.1 
0.00 960 8.1 960 8.5 
0.18 1031 13.6 1076 10.7 

T' 
T' ? 
R 
T' ? 
r 

(̂C103) 
V103) 
"(C103) 
V(C1-0(1,) 
V(CI-0,2,) 
V(Cl-0,3)) 

T 
R 
R 
R 
T 
T 
(̂ClOj) 

^(cio3) 
"(C103) 
v ,n-<ci-o(1)) 
V(Cl-0(2)) 
V<Cl-0(3)) 

a 4nQj = £x(a>l0.—a>j0j)/(Oj0. Ü (o)l0k-o)l0j)/((o$0k-(D*0j) k = 1 k* j 
[1,9]. (For comparison with experimental 3 P M data see [8].) 
b R, T', (5, v, librational, translational, bending and stretching 
modes, respectively; assignment of the librations and trans-
lational modes (lattice vibrations) is only tentative. 

intensity) of the C10(2) band of species B2 are too 
small compared to the corresponding vector element 
(see Table 5). This too small TO/LO splitting may be 
caused by unit-cell group interaction effects (interionic 
coupling) or by partial intraionic coupling of the re-
spective CIO vibrations in the case of the mode under 
discussion, (ii) The oscillator strength of the C10 (1) 
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Table 3. T O and LO phonon energies of the C10 3 internal vibrations (species A t ) of Sr(C103)2 obtained from both 
single-crystal Raman spectra and IR reflection measurements (peaks of the dispersion relations of the imaginary part of the 
dielectric constant e" and the dielectric loss function — Im(l/e), evaluation procedures see [1]); data of species B; and B2 see [8]. 

KKA a 3 PM b 4 PM c Raman data [3] 

e" — Im(l/e) e" — Im(l/e) e" — Im(l/fi) O P d 

OJTO °ho (»LO °ho coTO (Oto WLO 

512 517 511 517 511 517 511 517 510 516 
615 625 615 625 615 625 616 625 615 622 
893 895 893 893 893 893 893 894 -

1031 1077 1029 1079 1029 1077 1029 1078 1021 1074 

a Kramers-Kronig analysis. - b 3 Parameter oscillator-fit method. - c 4 Parameter oscillator-fit method. - d Oscillator 
parameters (see Table 2). 

Table 4. T O and LO phonon energies ( cm - 1 ) of the internal 
CIOJ vibrations (species A 2 , B t , and B2) obtained from 
single-crystal Raman spectra [3] and IR reflection measure-
ments (oscillator parameters of the 4 PM oscillator-fit calcu-
lations, see Table 2). 

A7 B, B2 
Raman Raman IR Ramand IR 

0}JO WRO wLO WTO/WLO A»TO «LO 

481 475 476 478 475 475 476 
511 516 517 519 520 518 523 
620 623 624 627 627 624 629 
898 899 905 929 892 911 934 
959 944 947 1007 962 960 960 

1023 1021 1022 1028 1024, 1074 1031 1076 
a oblique phonons [3]. 

b a n d of species B j is t o o l a rge c o m p a r e d to the T O / 
L O sp l i t t ing of th is b a n d (see Tab le 5). 

T h e uni t -cel l g r o u p sp l i t t ing of t he C I O s t r e t ch ing 
m o d e s (see Tab le 6) a re d i f ferent fo r the v i b r a t i o n s of 
the t h r ee C I O a r m s . T h e f r equenc ies of the v a r i o u s 
m o d e s r a n g e B 2 > Bx > A 2 > A l fo r the C 1 0 ( 1 ) m o d e s , 
B 1 > B 2 « A 2 > A 1 for the C 1 0 ( 2 ) ones , a n d B 2 % 
A j > B x « A 2 for the C 1 0 ( 3 ) v ib ra t i ons . T h e m a x i m u m 
uni t-cel l g r o u p spl i t t ings r a n g e ^ v 0 0 ( i ) > < d v C I O r | « 
z l v a 0 ( 3 ) . T h e s e d i f ferent uni t-cel l g r o u p spl i t t ings can 
be real ized by the d ipo l e -d ipo l e i n t e r ac t i on mode l . As 
bas is of th is d i scuss ion , the h y p o t h e t i c a l p h o n o n fre-

Table 5. Vector elements (pm) [3] of the CIO arms of the C10 3 ions with respect to the crystal axes of Sr(C103)2 (VE) and 
both T O / L O splittings ( c m - 1 ) and oscillator strengths (OS) (see Table 2) of the respective CIO stretching vibrations (CIO 
bond lengths (pm) [6] in parentheses). 

C10 ( 1 ) (150.7) C10 (2 ) (147.4) C10 ( 3 ) (145.8) 

VE T O / L O OS VE T O / L O OS VE T O / L O OS 

x (Bj) 98.2 24 0.340 123.6 60 0.149 27.5 6 0.005 
y (B2) 106.9 23 0.183 73.2 0 0.003 76.0 45 0.180 
z (A,) 40.6 9 0.072 33.1 1 0.009 120.5 49 0.221 

Table 6. Unit-cell group splittings of the CIO stretching 
modes ( c m - 1 ) of Sr(C103)2 (the hypothetical phonon 
frequencies to0 are calculated with the equation u>l = 
(2co*0 + a>£0)/3[l l]) . 

Species cio
( 1 ) 

cio
( 2 ) 

cio
( 3 ) 

A, 893 945 1046 
A2 898 959 1023 
B, 913 967 1024 

B2 919 960 1046 

Mean values 906 958 1035 
of a>0 

quenc ie s co0 , wh ich a re affected ne i the r by the local 
field £ l o c n o r by l o n g - r a n g e electr ic forces [11], a re 
c h o s e n (see Tab le 6). 

T h e C I O 3 b end ing m o d e s a re s t rongly intraionical ly 
c o u p l e d . A de ta i led i n t e r p r e t a t i o n of these m o d e s , for 
wh ich co0 p h o n o n f requenc ies m a y be ca lcu la ted in the 
s a m e m a n n e r as for the s t r e t ch ing m o d e s , in t e r m s of 
intensi t ies , T O / L O spl i t t ings , a n d unit-cell g r o u p 
sp l i t t ings is t he re fo re n o t s t r a i g h t f o r w a r d . T h e s a m e is 
t r u e for the la t t ice m o d e s ( t r ans l a t i ona l v ib ra t ions ) 
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a n d l i b r a t i o n s of the C I O 3 ions in the l o w - f r e q u e n c y T h e a u t h o r s a r e grea t ly i n d e b t e d to Prof . D r . S. 
r eg ion of t he spect ra . F o r the a s s ignmen t of these H a u s s ü h l , Un iv . C o l o g n e , fo r p r o v i d i n g S r ( C 1 0 3 ) 2 

m o d e s see Tab le 2. m o n o c r y s t a l s . 
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