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Tablel

1

Preparation of ammonium tetramolybdate

Condition a—type (method 1) b —type (method 2) Microcrysta-type (method 3)
Reaction temperature (°C) 80 30 30
pH of end point 22~23 2.3~25 15~1.8
Speed of acidation slow the dowest the dowest
Timeof acidation (min) 20 50 50
Reaction time without ultrasonic 2h 24~36 h 10 min
Reaction time under ultrasonic (33 kH2) 2h 10 min 10 min
Reaction time under ultrasonic (170 kH2) 2h 5h 10 min
Drying temperature (°C) 80~90 50~60 60~70
Drying time (h) 2~4 1 2
QOutput of one experiment (g) 4~6 4~6 4~6
3
3.1 X
XRD d 1/1° 3
20 1 , b . 33 kHz
XRD ' ' 170 kHz
+ [8'9]. 1
2 XRD 1 3 1)
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Fig.1 XRD patterns of sample
3.2
[, a
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Fig.2 TGA and DTA curves of sample
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[410-12] [ + MO(VI) [
H pH *

[1617]

Mo ,0% % ¥¥:9® Mo ,Of %%'9H® Mo, 03, %.%93¥® Mo, 03,
% ¥iY5® H,Mo ,03, %%¥%® [MoO ,)(MoO,), ,]1°", (x=12,3).

(13

L L

3 . . [4,10-13] .

(1) %¥59%® H,Mo0,0;, %%® (NH,),M0,0,;, (@ b ),

(2) %Y 95® [M0O, )(M00,), , 17", (x =1,2,3) % %® (NH,),Mo0,0,,,( ),
(3) % XYH® H,M0,05, %F4® [MoO,)(M00,), ;17" ,(x =1,2,3) %%® (NH,),Mo,0,,,( ).
pH 20""2 5 * * H2M 070244_
[(M0oO)( M0O;), 4]*" b
Gaussian 98 [, H,M0,0,,",

[(MoOy)( M0Oy) , 4% RHF/3-21G  STO-3G
CS ChemOffice « HyperChem Pro 6.0 .
HyperChem Pro 6.0 (Molecular Mechanics Optimization) '

(Steepest Descent), RM S(Root-mean-square) 0.42kJ/mol .
H,M0,0,,* CPU 670 min(3-21G) 370 min(STO-3G); [(M0O,) (M00,), %
CPU 1h . Cernis2
3,4 [(M0O,)(M0Oy),]*  HM0,0* .
o(5) 0o(5)
0@ 03 M oo 0(6) ©
Mo(1) o) o) o®  0© o) @ @)
(@) MoO,** (b) Mo,0O5** (c) Mo;O

3 [(M0G,)( MoOy), ,]**
Fig.3 Calculation mode! of [(M0oO,)( MoO,), ,]*



H,Mo0,0,,~ 1, 13, 20
Mo 2,3,4,14,15,22, 23,24
0 [M03O4]
H,Mo0,0,,~ 8,16 Mo 7,11,
12, 18,19 O [M0,Og;
H,Mo0,0,,~ 26 Mo 30,31
O [MoO]; 2

. DE1. DE2 DE3 '
,  HMo0,0,.+
[((M0O,) (M0Q,), ]*

L

pH 2325 ,
. 4 H,M0,0,,*
H,M0,0,,* Fig.4 Calculation model of H,M0,0,,*
[(M0O,) (M0Oy), 1%, :
2 . . H,M0;,0,,* [(M0O;)( M0Oy), 1]*,
1260~2000 kJmol . 200 ml, Mo,0,%
0.10 mol/L  » [M05O4, [M0,05] [M0O) 0.047, 0.07  0.140 moal,
176~280 kJ
2 —[(M0O,)(M0Q,),,]*  H,M0,0,,*
Table2 Tota energy caculations of [(MoO,)( MoG,), ,]*" and correspondence units of H,M0,0,,*
STO-3G E(RHF)/A.U.  3-21G E(RHF)/A.U. STO-3G E(RHF/A.U.  3-21G E(RHF)/A.U.

1 Mo,0 . -12398 -12464 6 [M0O,] unit 40832 41053

2[M0,0;] unit -12398 -12465 AE1=E1-E2 0.28564 058240

3Mo,O . -8240.1 -8284.6 AE2=E3-F4 052100 0.61259

4[Mo,O;] unit -8240.6 -8285.2 AE3=E5-E6 047614 074324

5MoO,* -4082.8 —4104.5 ’ ’
Note: The precision of computed resultsis to the twelfth places of decimals.
, 33 kHz 16 000 Js , 200 m
, 2 560 Js. ,

256 Js, 20 min, 3070kJ, H,M0,0,,* [(M0O,)(M00,),_,]*

10 ., :

L

: 5000 K : 51 MPa : 10°K/s,
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25°C . (9 1.33). 101325 Pa, P,=2.33 10°Pa,
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3 M0;0¢%, M0,0O:2", M0oO2 H,M0,0,,* .
» M0;O¢%*, M0,O:2", M0O,?* Mo H,M0,0,,*
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3 —[(M0O,)( M00O;), ,]**  H,M0,0,*
Table3 Condensation of atoms calculations of [(MoO,)( MoO,), ,]?* and correspondence atoms of H,M0,0,,*
H,M0,0,,* Mo;0.*
Mol Mol3 Mo020 Mol Mo2 Mo8
Atom Atom
Mol 45.18884 Mol 40.79674
Mo13 45.6488 Mo2 39.87425
Mo020 Mo8
02 0.40617 03 0.18134
03 0.44480 04 0.15616 0.25916
04 0.17986 0.23249 05 0.36299
014 0.42460 06 0.17747
015 0.49064 o7 0.15618 0.26099
022 0.40950 09 0.19692
023 0.19035 0.22621 010 0.16254
024 0.30053 0o11 0.32334
Mo. 052+
Mo8 Mol6 Mol Mo2
Atom Atom
Mo8 45.56384 Mol 39.98310
Mol6 47.55464 Mo2 39.60670
o7 0.30087 03 0.16515
0O11 0.22294 0.18924 04 0.17825 0.23831
012 0.40927 05 0.36556
018 0.48963 06 0.16548
019 0.42555 o7 0.28751
MoO2*
Mo26 Mol
Atom Atom
Mo26 45.27931 Mol 39.79905
030 0.40221 02 0.18458
031 0.44584 03 0.18459

Note: The precision of computed resultsis to the fifth places of decimals.
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Mechanism of Ultrasonic Effect on the Crystallazition of Ammonium
Molybdate in Aqueous Solution

WU Zheng-ping, YIN Zhou-lan, CHEN Qi-yuan, ZHANG Ping-min, LI Jie

(College of Chemistry and Chemical Engineering, Central South University, Changsha,Hunan 410083, China)

Abstract: The effect of ultrasonic wave on the crystallization of ammonium molybdate aqueous solution was studied
The crystalline and thermochemical property under ultrasonic effect were discussed. It is indicated that ultrasonic
has a great effect on the reaction system of preparing b-type ammonium tetramolybdate. The crystallization time was
shortened from 1~2 d to 10~20 min under ultrasonic and the crystalline form became microcrystal-type under
ultrasonic. The total energy and condensation of atoms of H,Mo0,0,,* and [(M0O,)(M0O,), ,]*(x=1, 2, 3) were
computed at the HF/ 3-21G, STO-3G level, and their geometrical structures were optimized using the molecular
mechanics optimization method. The calculation results show that the reason of transformation from H,M0,0,,* to
[(M0O,)(M00,), ,]** a pH 2.3~2.5 is the effect of ultrasonic. All ab initio calculations were performed with the
Gaussian—-98 program.

K ey words: ultrasonic; ammonium molybdate; crystalline; ab initio



