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A Raman Spectral Study of Crystalline
Strontium Nitrite Monohydrate
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Abstract

The Raman spectra of the vibrational modes of pyroelectric Sr(NO,),*H,0
crystal had been studied from 80 to 420K. The main internal vibration modes are
found to be constructed by three vibration modes of the nearly free NO", ions. The
interaction between water molecules and NO', inos strongly couple with each other
and result coupled peaks around the water main peaks.Three anomalous points or
phase ﬁansitiom in the temperature range of 130-135k, 185-190k, and 235-240k
were seemly observed by observing the temperature dependent Raman spectra,
which have not been investigated‘by x-ray diffraction in the previous work. We also
confirm the dehydrating of St(NO,),°H,0 crystal at around 412k by both Raman and
IR spectra.
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I. Introduction

The crystal structure of a. pyroelectric  Sr(NO,),*H,0 crystal at room
temperature has been investigated by x-ray diffraction [1] and found to be a
monoclinic structre with space group P2, and four formulas in the unit cell. The
lattice constants of the unit cell at 295k are : a=12.5831(4)A, b=8.94941(15) A, ¢
=4.4860(2) A, and B=99.111 (4)°. A neutron diffraction [2] study of the structure
of Sr(NO,),*H,0 was also been carried out at 294, 100, and 20k. The crystal
structure yields with that of taken by x-ray diffraction at 295k, and found the
monoclinic structure were maintained at these three temperatures. In Sr(NO,),*H,0
crystal, each lattice cell was observed to contain two isolated Sr** ions which is
surrounded by seven NO', ions and one water molecule. In different temperature,
the average distance between ions were found undergoing a nonlinear thermal
expansion. For Ba(NO,),*H,0 crystal, it was found undergoing a reversible phase
transition at 350k followed by formation of a hemihydrate at about 425-435k and
dehydration [3] at 455k. Whereas the phase transition of S1(NO,),*H,0 was not
found before onset of dehydration [4] at 412k. In the present work, a Raman
spectrum of the Sr(NO,),*H,0 polycrystal was taken from 80 to 420k. It was found
that the main spectrum of its lattice modes and internal modes was maintained in the
same configuration throughout the whole temperature range. However, there
appeared apparently three phase transition in the temperature range 130-135k, 185-
190k, and 235-240k, which have not been determined by x-ray and neutron
diffraction, was discovered. The dehydration of Sr(NO,),*H,O crystal was confirmed
at around 412k by both Raman and IR spectra.
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T Experimental

Strontium Nitrite Monohydrate [St(NO,),*H,0] is a monoclinic crystal at room
temperature. It is made from 4.00g Silver Nitrite (AgNO,) and 3.456g hydrated
Strontium Chloride (SrCl,*6H,0) dissolved in 30ml-40ml deionic distilled water.
The saturated solution was stirred in a closed container for 120 hours. The Silver
Chloride precipitate was then filtered out from the solution. By evaporating the
filtered solution to dryness at room temperature, the white Strontum Nitrite
Monohydrate powders were obtained. The samples were then loaded into the quartz
cell under dry nitrogen atmosphere and placed in an Oxford Instruments DN 1714
variable temperature liquid nitrogen cryostat. The temperature sensor is a standard
100 ohm platinum resistor mounted  on the inside of a heat exchanger. The heat
exchanger is also fitted with a heater for temperature varying operation in
conjunction with a DTC — 2 temperature controller and the temperature resolution is
nearly 0.1k.

Raman spectra were obtained using standard 90° scattering configuration. The
exciting source was a Coherent Innova 90 - 4 Ar* ion laser, operating at 0.4 to 0.5w
on the 5145 or 4880 A lines. Scattered light was analyzed using a J.Y. Ramanor U
1000 double monochromator and detected with a chilled RCAC31034A-02
photomultiplier tube and Spex DPC-2 digital photometer. The output pulses were
then fed to an IBM-PC computer for data storage, subsequent processing, and
display on an X-Y plotter. Frequencies reported here are estimated to be accurate to
+1 cm™ for shart features. Periodic calibration checks were made using the known

wavelengths of laser line or other non-lasing plasma lines.
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Il Results and Discussion

The observed Raman spectra will be discussed following the natural separation
of modes into (intramolecular) modes and lattice (intermolecular) modes. The
vibration modes ‘of the NO", ions are the main modes in the internal vibration
spectrum. They consist modes of the symmetric stretching vibration, v, =1342 cm’,
the symmetric bending vibration, v,=848 cm’ and the asymmetric stretching
vibration, v;=1245 cm™ . All these modes are Raman active in the Raman spectra,
but v, and v, become inactive in the infared spectra. The lattice vibrational modes
contain approximately 26 peaks whereas the 128, 151 and 324 cm™ peaks are those
that will be discus'sed particularly and are labeled as @ ,,®,and @ ,respectively.

The Raman spectra of the vibration modes of Sr(NO,),*H,0 crystal had been
taken from 80 to 420k as shown in Fig.1. Comparison with the Raman spectra, it
was noticed that there were no new modes appearing in the entire temperature
region. When the temperature approaches to room temperature, some modes
gradually merge together under the anharmonic effect. At low temperature, splitting
modes can be clearly seen existing with the symmetric stretching vibration v, spectra,
and it gradually merges with v, when room temperature is reached. At about 400k,
the shape of the spectrum becomes blurred in both lattice and internal vibraion
modes.

The internal vibration modes, v,, v, and v,, that appears above 400 cm™, were
found to follow the vibration modes of the free NO', ion. This strongly indicates a
weak interacion between Sr™ amd NO-, ions. However, the interaction between
water molecules and NO, ions does strongly couple with each other and results
coupled j)eaks (Vi Vi» Vo, Vo, and vy,) around the main peaks. The mode

frequency deviations of the coupled peaks to the main peaks were 24.4, 23.6 cm™ for
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v, families and 6.7, 3.9 cm for v, families. The frequency deviation in v, families
were found to be asymmetric. It can be concluded that the crystalline water molecule
exerts an asymmetric perturbation effect on the asymmetric bending vibration mode
of nitrite ions. Whereas, a nearly symmetric perturbation effect on the symmetric
bending vibration mode, v,, was observed. A new mode v;, produced under the
effect of asymmetry became apparent when the temperature exceeds 115k. However,
there was no v,, mode observed. The reason of this extremely asymmetric effect
cannot be interpreted from the present message of the relationship of the spectrum
intensity and temperature. The mode frequencies of lattice vibration exhibits a
gradually softening phenomena from low to high temperature. This could be due to
the lattice expanding in heating and the vibration frequencies decrease as the
temperature is increased. The width of the spectrum frequency is found to increase
gradually with the temperature and can be attributed to be the anharmonic effect
exerted on the lattice during heating  [5,6].

The intensity of the Raman spectrum is predominantly determined by the
ground state population and the cross secion of scattering. The intensity of the peaks
verses temperature is plotted in Fig. 2. The intensity of both lattice and internal
vibration modes decreases exponentially with the temperature. Few anominal jump
or phase transition in the temperature range 130-135k, 185-190k, 235-240k were
observed. From the view point of Boguslawski model [7], the increasing in
temperature makes the atoms or ions undergoing asymmetric anharmonic vibration
in the pyroelectric lattice. Therefore, different structured pyroelectric materials
shoulds have anomalous change in the ground state population and the scattering
cross section due to the effect of atomic anomalous displacement. It also can be said
that at certain character temperature, there exist certain anomalously stable states in

the lattice structure.
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When the sample is heated to 400k, it becomes hard to analyze the spectral
shape further. The‘ full scale of the photometer is changed and. the spetra of lattice
vibration and internal vibration are shown in Fig.3. When the temperature is raised
to 420k, the intensity of the Raman spectra increases abruptly. Holding this
temperatuare for 90 mins, and then cooling the sample to room témperature (300k),
a completely different spectrum is scanned. This niw spectra belongs to Sr(NO,). It
means that the crystalline water of strontium nitrite monohydrate is removed at 400-
420k, and the precise temperature from the former worker by measuring its heat
capacity is 412k [4]‘.

Besides, comparing the infrared spectra of the high temperature heated sample
with that of the ordinary strontium nitrite monohydrate at 1500-4000 cm™ in F ig4, it
is discovered that the internal vibration mode of water molecule has disappeared.
This proves that the crystalline water in strontium nitrite monohydrate has been
removed. At the same time, the v, ;, v, ,, v, V,.,, and v3, modes which belong to the
Sr(NO,),*H,0 have disappeared from the internal vibraion mode spectra of Sr(NO,),.
This fact may give an evidence to our conclusion that Vi Vigs Vo, Vo, and v,
modes are new modes produced by the coupling of water molecule with internal

vibration modes.

IV Summary
The Raman spectra of the vibrational modes of Sr(NO,),*H,0 crystal had been
studied from 80 to 420k. The main internal vibration modes was found to be
constructed by the nearly free NO, ions. This indicates the interaction between Sr™
ion and the NO:, ions is relatively weak. However, the interaction between water
molecules and NO", ions did strongly couple with each other and resulted coupled

peaks around the main peaks. Three anomalous points or phase transitions in the
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temperature range of 130-135k, 185-190k, 235-240k were observed which have not
been investigated by x-ray diffraction in the previous work. The further study in the
anomalous points on phase transition is under investigation. We also confirm the

dehydrating of Sr(NO,),*H,0 crystal at around 412k by both Raman and IR spectra.
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Fig.1. The Raman spectra of lattice and internal vibration mode frequencies at 80-
400k.
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Fig.2. The temperature dependence of intensity of modes @,, @, V;,andv,
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Fig.3. The Raman spectra of lattice and internal vibration mode in the procedure of

crystalline water dehydrated.
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Fig4. The infarared spectrum before (a) and after (b) the crystalline water is
dehydrated.




238 BYRE F=H REBNLTFEHA

s EIK R R AR 3 B LS hR 5

Bt HEL

W B

FIFihIE (Raman) BUH 5 » $HEBELHS S(NO,),*H,0 Z 4 FIRENE
RS T FE BRRRT ST - GBS S T ASIRBIME N T ERT AU E E NO, BEF2 =18
B - SERAZK D FH NO, BEFAREMFRER » KD T2 T IREmE=H
IEERE R FE=EIBEEHERE(130-135K » 185-190K K 235-240K) P e
Z F B T A TR EAR R e % S RERIA X exts
BRI - 15 AERAERGIE RALA RS i - M 1%
414 412K 255

PR | ARGERAE D.LBIBIR
HHELE  PRARYEHA AR



