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Abstract. Room and low-temperature (~ 100 K) FT-IR spectra ol sulphate anions isomorphously iso-
lated in Ag,SeO, were recorded. The anharmonicity constants and harmonic vibrational frequencies for
the vy and v, internal modes of the dopant anions were calculated, on the basis of thc measured
fundamental and sccond order transitions. The appearance of the IR spectrum of the studicd species may
be cxplained in terms of Doy effective symmetry. According to the magnitude of the splitting of v; and
v, modes of the dopant anions, the bond length distortion of the sulphate impurities is lower, and the
angular distortion is significantly higher in Ag,SeQOy than in all other matrices studied so far. The OSO
angle calculated from the ratio of the intensities of B, and E v3 mode components is 111.6 °. Using the
transition dipole moment time correlation function approach, the period of “undisturbed™ rotational
motion for the dopant anions about the pseudo-C; axes is estimated to be approximately 0.035 ps.
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1. Introduction

The general advantages of the matrix isolation technique for studying polyatomic
molecular/ionic systems in solid state have been well recognized [1-5]. When polyatomic
species are doped at low concentration in an isomorphous matrix, the interactions between
identical oscillators (leading to correlation field splitting, and the dispersion of phonon
curves), as well as the long-range forces of electrostatic origin (leading to LO-TO splitting)
can be neglected. Thus, the vibrational spectrum of a particular molecular/ionic system
isolated in a solid matrix may be interpreted using only the site group analysis. This is
particularly useful for a study of the vibrational anharmonicity of the dopant species [6-17].
While for a pure substance the region of appearance of the second-order transitions of a given
mode maps the two-phonon density of states of a given type and practically no band can be
assigned to any particular transition, the analysis of the second order spectra in the case of
matrix isolated species is often straightforward. It is thus possible to obtain information
regarding the anharmonic terms in the molecular potential energy hypersurface, and at least
partially solve the inverse spectroscopic problem. On the other hand, study of a single system
isolated in various matrices, leads to important information regarding the lattice dynamics and
crystal fields and forces. We have recently reported the anharmonicity constants and harmonic
vibrational frequencies for sulfate anions isomorphously isolated in several matrices [3-5]. An
attempt was also made to derive an exact quantum theoretical basis for the observed Stark
shifts of the SO, internal modes in the studied matrices. In this work, we report the FT-IR
spectra of the SO,* anions isomorphously isolated in AgzSeOa.
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2. Experimental

The solid solutions of AgsSO4 in Ag,SeO4 were obtained by mixing a solution of
AgNO; with one containing appropriate molar ratios of K,SO4; and K,SeO;. A white
precipitate immediately formed, which was afterwards washed with deionized water and dried
in a dark place (to preserve the photochemical reduction of Ag” ions). The content of Ag,SO,
in Ag,SeOy4 was varied from 2 % to 5 %. Fourier transform infrared spectra at room (RT) and
low temperature (LT, ~100 K) were recorded on a Perkin-Elmer System 2000 FT IR in both
Nujol mulls and AgCl pellets. LT measurements were performed in a Graseby-Specac
variable-temperature cell. In order to obtain a satisfactory signal-to-noise ratio, 256 scans were
collected at low temperature, especially for a study of the second-order transitions. 64 to 128
scans appeared to be enough for the RT studies. Both RT and LT spectra were recorded at a
resolution of 2 c¢m’™. Further analysis of the spectra was performed with the GRAMS32
programming pdckage [18]. Mathematical analyses were performed with Mathematica 2.2
[19] and MathCad 7.0 [20] programming packages.

3. Results and Discussion

As can be seen from the regions of appearance of the v; and v, modes in the RT and
LT FT-IR spectra of the SO42' ions isomorphously isolated in Ag,SeO, matrix, the vy mode
exerts a visible splitting only at LT. The v3 mode components will be further referred to as vs,
and vy, (the index “a” referring to the higher-frequency component, and “b” to the lower). On
the other hand, the v4 mode is split even at RT, while the splitting increases with the lowering
of the temperature. The v; mode components will be also referred to as v., and vy, (using the
same convention as for the v3 mode components) It can be concluded from the spectral data
that the effective site symmetry of the SO,* anions in the AgrSeOy matrix is substantially
different from the one in the previously studied series of chromate and selenate matrices [3-5].
In the case of the sulfate ions isomorphously isolated in potassium, rubidium and cesium
chromate and selenate matrices the v; and v4 modes split into three components, implying a
lower effective symmetry than in the present case. The observed splitting of the vi mode
[V(v,)-v(v,)] in the case of SO4* ions isolated in Ag,SeO, matrix is 6.3 cm’', which is

approximately half of the ¢(v, )-7(v, ) values previously measured in the other solid matrices
(chromates and selenates). On the other hand, the splitting of the v4 mode [V(v, )-v(v, )] In
the present case is about twice the value v(v,, )-v(v, ) measured in other matrices. The last

finding implies that the angular distortion of the dopant anions in Ag,Se0y is considerably
larger than in other cases. The observed spectral features for the present matrix may be
consistently explained assuming D,q effective (site) symmetry of the dopant anions. However,
since the overall distortion of the dopant anions is rather small on an absolute scale, the
crystalline field effects may be treated as a perturbation, and not only the positions, but also
the forms of the normal modes may be regarded as slightly affected upon the isomorphous
isolation. Therefore, in the following text the usual notation for the normal modes of the
(ideal) Ty sulfate anion will be used.

Because of the symmetry lowering of the guest SO,* anions due to the internal
crystalline fields, the otherwise inactive v, mode is often activated. The region of appearance
of this mode in the LT IR spectrum of the SO4* anion isolated in Ag>SeQy is in line with the
previous statement. However, within the proposed effective symmetry, in the present case it
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should still be IR inactive, so its appearance may be explained as being due to a further
relaxation of the vibrational selection rules slightly different for the totally symmetric
stretching S-O vibration than for the other internal modes. Since the intensity of the v; band is
rather low, in order to check whether it really corresponds to the SO4 v, mode, IR spectra
from samples with higher sulphate contents were recorded. The activated v; mode (due to the
increase of the dopant ions concentration) appears at practically the same position as in the
case of the specimen containing matrix isolated species (the shift is only about 2 cm’ to
higher wavenumbers), thus confirming the origin of the band in question.

As obvious from the region of the second order transitions involving the vi mode
components in the spectra of the Ag,SO4/ Ag>SeOy solid solutions, the two most intensive
bands are due to v3; + v; combination modes. On the other hand, only two bands appear in the
region where vs; + Vi combinations and the 2vs; overtones are expected. Regarding the v
modes of the dopant anion in case of the SO./Ag,SeO4 system, only one second order
transition involving the v4 modes was detected. On the basis of the measured Xjy values, the
harmonic vibrational frequencies for several vibrational transitions were calculated (Table 1).

Table I RT and LT spectroscopic data for fundamental and second order vibrational transitions of the dopant
SO42' anions in Ag,ScOy

Mode Sym." 7/em’'® v/cm! [/a u” Xii/em' ¢ w/cm'*
y B, 591.2 590. 1 3.4698
! E 610.2 610.2 9.3476
v A, 960).7 0.3020
v E L0671 1065.4 16.904 1089.9
B, 1071.7 9.9498 1081.4
Vi, + Vi E 1200.3 0.0091 0.1
E 2019.7 0.5261 77
Vi + V3
B, 2024.6 0.1673 7.6
PATS B, 2125.7 0.1180 -5.9
Vi, + Vi E 2130.9 0.0871 5.9

“Symmetry; "RT values; ‘LT values

Using the spectroscopic data given in Table I, within the bond moment additivity
approximation, the value of 111.6 ° was obtained for the OSO angle, indicating a rather small
absolute angular distortion of the dopant anionic species.

On the basis of the dipole time correlation function formalism, the value of 0.035 ps
was obtained for the period of essentially free rotation along the pseudo-C> axis of the dopant
sulfate anion. The dipole moment correlation function of a given transition 1s defined as:

<ﬁ(0)- ﬁ(t)> -~ Re j [(7)exp(i - 2mcAVE )V

where Ay =v -7, (v, being the band center), the integration is performed over the whole band,
while () denotes ensemble average. The symbol i(7) denotes normalized (over the whole

band) intensity data:
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~ IV)
IV)=——=—
_[ 1V )dv
band
The time evolution of the transition dipole moment operator, determined essentially by
molecular orientational motion around the pseudo-C, axes, may be divided into two distinct
time regimes. During the brief initial period, it is the “free” rotation of the doped species that
determines the kinetics of the dipole rotation. The short time dynamics of species in
condensed phases, generates a Gaussian decay rate of the transition dipole moment time
correlation function. At longer times, on the other hand, the reorientation becomes random, as
a result of the influence of the neighboring molecules/ions in the condensed phase, resulting in
exponential decay of the dipole time correlation function and a Lorentzian frequency
spectrum.
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Ancrpakr. Caumenu ce Dypuerpancopmn HHGPAUPBEHM CHEKTPH Ha cylidaT joHM H30MOpQHO
u3onupaHu BO Ag,SeQ, Bp3 ocHoBa Ha u3MepeHHTEe NONOXOUM Ha (PYHAAMEHTAJHUTE OPSMHUHH U
IPEMUHATE Off BTOp peji, NPECMECTAHW C€ KOHCTAHTUTE HAa AHXapMOHUYHOCT M XapMOHHCKHTE
BUOpaUMOHN (PPEKBEHINH 3a KOMIIOHEHTUTE Ha V; MOJOT Ha TOCTHHCKMTE aujomu. Mudpanupseuntce
CIIEKTPH MOXKAT fa OMjaT IOTHONHO OOjacHETH BO paMKHTe Ha edeKTHBHA [y cumerpuja. Cropep
rojleMUHaTa Ha paclellyBamhaTa Ha Vi U V, MOJOBUTE Ha MOCTHHCKUTE aHjOHHM, HUBHATA JIUCTOP3Uja BO
Ag,Se0, MaTpulla € 3HauMTENHO I@oMajla OfOIITO BO CHTE MAaTPUIM HWCHUTYBaHW JOCCTa.
IlpeTnocraByBajku BaNIMJHOCT Ha AaNpOKCUMANMjaTa 32 AQATHBHOCT HA MOMEHTHTE Ha BpPCKH,
KOPHCTE]KHM TH COOABETHUTE U3BOAM BO ORHOC Ha cuMeTpuckuTe KoopaunaT, OCO aronor npecmeran
Ol OTHOCOT Ha MHTEH3UTCTHTE HAa b, 1 E KOMIIOHEHTHTE Ha V; MOOT u3Hecyra 111.6 °.
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