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Abstract

Fully optimized calculation and frequency analysis for polyoxymethylene dimethyl ethers

(PODE) were carried out using a density function theory (DFT) method at the B3LYP/6-31+G(d,p) level.
The structural and thermodynamic parameters of PODE were obtained. In addition, the standard enthalpies
of PODE were calculated by designing the isodesmic reactions. Accordingly, the equilibrium constants and
equilibrium conversions for the synthesis reactions of PODE were derived, according to which the thermo-
dynamic feasibility for the synthesis of PODE with different feed stocks was assessed.
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Figure 1 DMM with different configurations (H atoms not
shown)
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Table 1 Dihedral angels and relative energies of DMM with
different configurations
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Figure 2 Comparison of calculated and experimental entropies
(S) for methanol, formaldehyde and water
Since calculated values are exactly equal to the experimental ones, the solid

symbols are shaded by the open symbols in this plot
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Figure 3 Comparison of calculated and experimental heat ca-
pacities (C,) for trioxane, dimethyl ether, methanol, formalde-
hyde and water

Since calculated values are mostly equal to the experimental ones, most solid

symbols are shaded by the open symbols in this plot
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Table 2 Thermodynamic values of PODE (n=1~5) at stan-
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Figure 4 Temperature dependent equilibrium conversions of
the reactions for the synthesis of PODE from methanol and for-
maldehyde [Reaction (1)]
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Figure 5 Pressure dependent equilibrium conversions of the
reactions for the synthesis of PODE from methanol and formal-
dehyde [Reaction (1)]

K 6~9 h H i £ DME 5 DMM [ W[ % v (2)F1(3)]
(1P A A 2 B E B R D IR ARG &R, AR R & 373
K I, PIAS SN AR AT 10%. Hegmis )2 3
MPa i, DME 15 H#84: i PODE4 [ b RIEH] 80%,
I DMM 5 H#s 5 i PODE3 AL R Wik E] T 60%.

Bl 10 2 Al B = 2R W A= & PODE3[ R VY.(4)]1°F-
AL R B AR R &R, A 373 K AR B N RN
HAREN 27%. 1373 K F, RNHEJIN 3 MPa i, &
IR IG I 55%, W 11 B,

12~13 AN (5)FI(6), B =K H 5 DME %

R Vol. 67, 2009
100
0—DME + CH,O = PODEI
80 0—DME + 2CH,0 = PODE2
< a—DME + 3CH,0 = PODE3
T 601 v— DME + 4CH,0 = PODE4
& s
Z 404
<
@]
20
o4 —— "~ "~"°°7° A L L o3 a0 o an gn a
250 300 350 400 450 500

Temperature/K

B 6 I DME 5 H [ [ N £5 B PODE[J W ()] P AL
Bl A2 AE

Figure 6 Temperature dependent equilibrium conversions of
the reactions for the synthesis of PODE from DME and formal-
dehyde [Reaction (2)]

100
80 -
b
g
8 o
E 407 o— DME + CH,0 = PODEI
© 0— DME + 2CH,0 = PODE2
20 | a— DME + 3CH,0 = PODE3
v— DME + 4CH,O = PODE4
O T ; T T
0 10 20 30 40 50 60
pip*

Bl 7 i DME 5 H S W15l PODE[ N ()] Al e %
ViR

Figure 7 Pressure dependent equilibrium conversions of the
reactions for the synthesis of PODE from DME and formalde-
hyde [Reaction (2)]
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Figure 8 Temperature dependent equilibrium conversions of

the reactions for the synthesis of PODE from DMM and formal-
dehyde [Reaction (3)]
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Figure 9 Pressure dependent equilibrium conversions of the
reactions for the synthesis of PODE from DMM and formalde-
hyde [Reaction (3)]
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Figure 10 Temperature dependent equilibrium conversion of
the reaction for the synthesis of PODE from methanol and triox-
ane [Reaction (4)]
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Figure 11 Pressure dependent equilibrium conversion of the
reaction for the synthesis of PODE from methanol and trioxane
[Reaction (4)]
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Figure 12 Temperature dependent equilibrium conversions of
the reactions for the synthesis of PODE from DME, DMM and
trioxane [Reactions (5) and (6)]
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Figure 13 Pressure dependent equilibrium conversions of the
reactions for the synthesis of PODE from DME, DMM and tri-
oxane [Reactions (5) and (6)]
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Figure 14 Temperature dependent equilibrium conversions of
the reactions for the synthesis of PODE from methanol, DME,
DMM and paraformaldehyde [Reactions (7)~(9)]
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Figure 15 A comparison of calculated and experimental values
of thermodynamic constants on the equilibrium conversion of the
reaction of synthesis of PODE1 from DME and formaldehyde
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