BT ) 77 VEBRIEH ORI RIS
SR BT B R

Thermodynamic Study of Lower Molybdenum Oxides

Takashi Suzuki and Kazuo Eda

Two types of lower molybdenum oxides, such as orthorhombic and monoclinic M04O1;, were synthesized from the
stoichiometric mixtures with the molar ratio of MoOy347 / M0oO3 = 0.104 under controlled temperature. Mo4O1;
crystallizes in two different structures were depending upon the temperature of preparation, blow 890 K the monoclinic
was obtained and above this temperature the orthorhombic was formed. The heats of reaction of these materials, MoO;
and MoO;3 dissolved in strong base solution contained K;[Fe(CN)s] were measured directly by using of the conduction
calorimeter. By using these direct measured data, the standard enthalpies of formation of orthorhombic and monoclinic
Mo4O1; were determined indirectly by means of Hess’s law of the summation. It was revealed that the AfH° of the

orthorhombic Mo04O1; was lower than that of monoclinic one. The results will be reported in details.
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Fig. 2 XRD patterns of two types of MosO11 : (A);

orthorhombic, (B); monoclinic.
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Mo4O11(s) + 2Fe(CN)s*(soln) + 100H (soln) —
4MoO4*(soln) + 2Fe(CN)e*(soln) + 5H20(soln) ~ AH1 (1)
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Fig. 3 The enthalpies of reaction of Eq. (1) : O ; ortho-

rhombic, [ ; monoclinic.
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Table 1 Calorimetric reaction scheme for Mo4O11.

() MosO1i(s) + 2Fe(CN)e*(soln) + 100H (soln) —
4MoO4*(soln) + 2Fe(CN)s*(soln) + SH20(soln)
(-560.90 = 0.78) kJ
(-541.61 = 0.98)kJ
(b) MoOa(s) + 2Fe(CN)s*(soln) + 4OH(soln) —
MoO4*(soln) + 2Fe(CN)s*(soln) + 2H20(soln)

AH> = (-293.62 = 0.58) kJ
(c) MoOs(s) + 20H(soln) — MoO4*(soln) + H20(soln)

AH; = (-85.20 = 0.18) kJ

AH\ monoclinic

orthorhombic

(d) M04O11(s) — MoOxz(s) + 3MoOs(s)
AHo=AH — AH> - 3AH3
AHo monoclinic (-11.68 £ 1.02)kJ
orthorhombic (8.61 = 1.15)kJ
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Fig. 4
Monoclinic and Orthorhombic Mo4O11.

Change in the enthalpy of decomposition of

Monoclinic Mo4On (Z=F/VF—% i LT MoO; &
MoOs 1247 fif L T2 EIT 5 DIZXt L, orthorhombic
MosOn D3 FEDGEIZIEE 72D . =3 VX —%PIL L T
REENTDZEBHRENERoT, 2D L LY, 890K
PLEOER CRERRIZ & > TABK L7z orthorhombic MosOri
DI 890 K LU F DBERKIC X o THRL L7 monoclinic
MosOn £ < HEAE L, BT HI LER LT,

Table 1 FFOT—# & MoO: (s) LT MoOs (s) DIE
YEAE R o 2 L E— AdH(MoO2) = -587.9 kI, AdH(MoOs)
= 7452 kI OM A A XD | monoclinic B L W
orthorhombic MosOn DFEHEAE LT L # LB —ZRIE LT,
ZDOREFREAME L HIZ Table 2 (TR LTz,

Table 2 Standard enthalpies of formation of monoclinic and

orthorhombic M04On1.

Crystal systems of Valence Number Agm/H°/kJ mol’!

Mo4O11 of Mo (Divided by 4)

Monoclinic 5.5 -2811.8 = 1.0
(-703.0)

Orthorhombic 55 -2832.1 £ 1.2
(-708.0)
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Fig. 5 Reration between Ag#° of lower molybdenum

oxides and their average valence number of Mo.
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