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Abstract: In-situ high temperature Raman spectroscopy was used to study the variations of micro-structure
changes and molecular vibrational properties of Na,MoO, -2H,0 (NMHO) crystal during dehydration, phase
transformation and melting process. The results showed that the orthorhombic NMHO crystal dehydrates to form a
more symmetrical cubic @-NMO  (Na;MoQO,) crystal at 363 K. As the temperature increases, a-NMO crystal
undergoes the following phase transitions: a —8 —y —6 before melting. The effect of temperature on the
wavenumber of Mo-O symmetric stretching vibrational mode of the isolated [MoO,]* during phase transformation
was analyzed. Furthermore, temperature dependent average bond length and symmetry were derived. The simulated
Raman spectra of known NMHO, a- and y-NMO crystals were performed based on DFT and their vibrational
modes were then assigned. The configurations of [MoO,]* clusters in the NMO melt were studied by the quantum

chemical ab initio calculation method.
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Table 1 Partial crystallographic data of NMHO and two kinds of NMO crystals

Crystal Crystal system a/ nm b/ nm ¢/ nm
NMHO Orthorhombic 0.846 3= 1.055 2= 1.382 7%
0.847 89 1.057 9% 1.383 04
a-NMO Cubic 0.910 888! — —
0.910 822 — —
y-NMO Orthorhombic 0.644 99 1.278 3= 1.085 6™

&2 NMHO RiEEFEH EFHIRFEXAR

Table 2 Assignment of the major Raman-active vibrational modes for NMHO crystal

Wavenumber / cm™

" " o Symmetry Assignment

285 266 279 A,

323 282 319 B,,

327 294 — A, 8 of Mo-O honds in [MoO,]*

337 307 335 A,

361 337 359 A,

807 747 804 A, v,. of Mo-O bonds in [MoO4*

834 801 833 A, v,. of Mo-O bonds in [MoO4*

842 816 842 A, v,, of Mo-O bonds in [MoO,*

896 899 894 A, v, of Mo-O bonds in [MoO,]*
1 675 1625 1 684 A, & of H-O bonds in H,0
1 697 1 648 — A, 6 of H-O bonds in H,0
3108 2928 3103 A, v,, of H-O bonds in H,0
3 240 2 967 — B;, v, of H-O bonds in H,0O
3265 2997 — A, v,, of H-O bonds in H,0
3297 3011 3288 A, v, of H-O bonds in H,0
3358 3037 3379 B, v,, of H-O bonds in H,0
3453 3078 3459 B, v,. of H-O bonds in H,0

6: bending vibration; v, asymmetric stretching vibration; v.: symmetric stretching vibration.
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a, b refer to the calculated Raman spectra of a-NMO at 363 K, y-NMO at 893 K, respectively; I, II, Ill are partial enlargement in the figure
K7 «-NMO fiA1E 363~1 053 K A9l ZUA2 LA 2 0t i
Fig.7 Temperature dependent Raman spectra of a-NMO crystal from 363 to 1 053 K

R3I afMyNMO ZUEREEBGEEEN SFERIEXAE

Table 3 Assignment of the major Raman-active vibrational modes for a-, y-NMO crystals and their melt

Wavenumber / cm™

Assignment
Vey Ve
a-NMO v-NMO melt a-NMO y-NMO melt a-NMO y-NMO melt
303 — — 268 261 312 6(Mo-0) 6(Mo-0)
8(Mo-0)
— — 321 — 297 321 — 6(Mo-0)
380 317 — 329 312 — 6(Mo-0) 6(Mo-0) —
— 360 — — 333 — — 6(Mo-0) —
807 815 — 838 851 797 v.(Mo-0) v.(Mo-0) v.(Mo-0)
— 858 815 — 874 816 — v(Mo-0)
890 888 886 886 889 886 v(Mo-0) v(Mo-0) v(Mo-0)

8: bending vibration; v,: asymmetric stretching vibration; v.; symmetric stretching vibration.
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