
Acta Cryst. (1997). C53, 1374-1376 

METAL-ORGANIC COMPOUNDS 

The Layered Methylammonium Molybdate 
(NH3CH3)z[Mo7Ozz] from X-ray Powder 
Data 

PETER Y. ZAVALU AND M. STANLEY WHITTINGHAM 

Materials Research Center, State University of  New York at 
Binghamton, Binghamton, NY 13902-6016, USA. E-mail." 
zavalij@ binghamton, edu 

(Received 24 Januar)" 1997: accepted 21 April 1997) 

Abstract 

Comment 

Hydrothermally prepared bis(methylammonium) hepta- 
molybdate(VI) crystallizes in the monoclinic system 
(space group C2/c). Its structure was solved by con- 
ventional X-ray powder diffraction using the initial 
model of the molybdenum oxide layer from the known 
T12M07022 structure. The molybdenum coordination 
polyhedra are significantly distorted octahedra which 
form layers parallel to the bc plane. The methyl- 
ammonium cations are incorporated between the layers. 

l 

This work originated from a systematic investiga- 
tion of the hydrothermal interaction of molybde- 
num oxide with methyl-substituted ammonium as the 
template cation (Whittingham, Li, Guo & Zavalij, 
1994), as was performed previously for tungsten 

oxide (Zavalij et al., 1996). Two of our previous works 
describe the two extreme members: hexagonal ammo- 
nium molybdenum oxide (Guo, Zavalij & Whitting- 
ham, 1995) and tetramethylammonium molybdenum 
oxide, [N(CH3)4][Mo4012] (Guo, Zavalij & Whitting- 
ham, 1994a). Trimethylammonium hydroxide always 
reduced molybdic acid (2:1 ratio) under hydrothermal 
conditions (473 K, pH 1-5.5) to the monoclinic form 
of MOO2. Dimethylammonium hydroxide (2:1, 473 K, 
pH 3.5) yields [NH2(CH3)2][Mo6020].2H20, obtained 
previously by Toraya, Marumo & Yamase (1984) 
after one year of decomposition of the precipitate ob- 
tained by the reaction of Na2[MoO4] and (CH3)2NCS2. 
Methylammonium hydroxide forms (2:1, 473 K, pH 
3.5) the purple bronze [NH4][Mo309], previously syn- 
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Fig. . Octahedral representation of thc [Mo7022] -~- layer in the bc 
plane. 

Fig. 2. View of the structure of (NH3CH 3)2[Mo70721 along the b axis. 
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thesized by decomposi t ion of  the silver molybdate at 
6 2 3 K  and 500ba r  (5.0 x 107 Pa) (Range, Bauer 
& Klement, 1990). However, using methy lammonium 
chloride leads to the formation of  a new compound,  
(NH3CH3)2[Mo7022], the structure of  which is reported 
here. 

The structure of  the title compound belongs to 
an [MonO3n+l] 2- series of  molybdates and has an 
Mo7022 layer with the same structure as those of  
the caesium (Gatehouse & Miskin, 1975) and thall ium 
heptamolybdates(VI) (Tol6dano, Touboul & Paulette, 
1976), two other representatives of  the series with 
n = 7. The molybdenum coordination polyhedra are 
significantly distorted octahedra. Each shares two edges 
and three comers with five others. Sharing edges, the 
octahedra form a zigzag chain along the c axis (Fig. 
1), with an Mol  octahedron in each bend of  the chain. 
By sharing comers,  these chains form 'stair-like'  sheets 
(Fig. 2) parallel to the bc plane. The methy lammonium 
cations fill the space between the 'steps'  of  the sheets 
in such a way that the ammonium group forms hydro- 
gen bonds with the layers [N . - .O  2.78 (3)-2.88 (3)A].  
Unlike [N(CHs)4][M04012], molybdenum in the methyl-  
ammonium compound is in its highest oxidation state, 
+6. However,  it can be reduced easily under X-rays or 
direct sunlight, changing color from white to blue. 
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Fig. 3. Compar ison  of  observed and calculated intensities for 
(NH3CH3)2[Mo7022] .  The difference pattern appears below. 

Experimental 
The title compound was prepared by the hydrothermal treat- 
ment of NHBCH3C1 and H2MoO4 in a 4:1 molar ratio acidi- 
fied to pH 1.0 with HC1. The reaction mixture was heated in a 
Teflon-lined Parr reactor for 4 d at 473 K. A white crystalline 
powder resulted. Use of a 2:1 molar ratio leads to a mixture 
of the title compound with hexagonal MoO3.0.55H20 (Guo, 
Zavalij & Whittingham, 1994b). 

Crystal data 

(NH3CH3)2[Mo7022] 
Mr = 1087.7 

Cu Kay, Ka2 radiation 
A = 1.540562, 1.544390,4, 

Monoclinic 
C2/c 
a = 23.0801 (2) 
b = 5.51742 (6) ,4, 
c = 19.5747 (2) ,4, 
fl = 122.9297 (4) ° 
V = 2092.22 (4) ,~3 
Z = 4  
Dx = 3.415 Mg m -3 
Om not measured 

# = 35.93 mm-J 
T = 293 K 
Powder 
Specimen shape: fiat sheet 
25 × 25 × 1 mm 
White 

Data collection 
Scintag XDS2000 diffrac- 

tometer 
w/0 scans 
Specimen mounting: packed 

powder pellet 

Specimen mounted in 
reflection mode 

20rain = 7, 20max = 100 ° 
Increment in 20 = 0.02 ° 

Refinement 

Refinement o n  /net 

R = 0.038 
Rp = 0.047 
Rwp = 0.064 
Rexp = 0.029 
20rain = 10.0,  20max = 98.1 o 

Increment in 20 = 0.02 ° 
Excluded region(s): the 

region below 10 ° 20 
was excluded because 
both the intensity and 
its uncertainty for the 
low-angle 200 reflection 
are much greater than 
for other reflections and 
caused unstable refinement 

Profile function: pseudo- 
Voigt 

1087 reflections 
92 parameters 
H atoms not located 
(A/~)m,x = O.lO 
A/gmax = 0 .55  e a/~ - 3  

Aprnin = -0.67 e ~, 3 
Extinction correction: none 
Preferred orientation 

correction: Marsh- 
Dollase, [100] axis, 
R0 = 0.837 (1) (Dollase, 
1986) 

Scattering factors from 
GSAS (Larson & Von 
Dreele, 1990) 

Table 1. Fractional atomic coordinates and isotropic 
displacement parameters (,~2 ) 

x y 
Mol I/2 0.1222 (6) 
Mo2 0.42137 ( 11 ) 0.0709 (5) 
Mo3 0.39143 (10) 0.4778 (5) 
Mo4 0.04787 (I 1 ) 0.1033 {4) 
O I 0.3380 (6) 0. 100 (3) 
02  0.1302 (7) 0.159 (2) 
03 0.0648 (7) 0.150 (2) 
04 0.4139 (8) 0.160 (2) 
05 0.4076 (6) 0.208 (2) 
06  0.0374 (6) 0.382 (2) 
07 0.0223 (6) 0.419 (3) 
08 0.4980 (6) 0.439 (2) 
09 0.4463 (7) 0.377 (2) 
O10 0.1154 (6) 0.224 (2) 
OI I 0.3112 (6) {).423 (3) 
N 0.7122 (7) -0 .014 (3) 
C 0.7310(11) 0.156(3) 

Z Uiso 
1/4 0.0172 (13) 
0.47848 (15) 0.0139 (10) 
0.09769 (12) 0.0182 (8) 
0.13800(15) 0.0170(11) 
0.3998 (9) 0.0165 (9) 
0.2142 (10) 0.0165 (9) 
0.4524 (10) 0.0165 (9) 
0.0331 (11) 0.0165(9) 
0.1705 (10) 0.0165 (9) 
0.0725 (9) 0.0165 (9) 
0.2051 (9) 0.0165 (9) 
0.3169 (8) 0.0165 (9) 
0.4187 (I0) 0.0165 (9) 
0.3579 (9) 0.0165 (9) 
0.0147 (8) 0.0165 (9) 
0.3451 (9) 0.016 (4) 
0.3028(15) 0.016(4) 

Table 2. Selected bond lengths (A ) 
Mol--O7 '  1.67 (2) Mo3--OI I 
Mo I ---07" 1.67 (2) Mo3--O5 
Mo I - - 0 5  1.89 (2) Mo3--O3"" 
Mo 1 ----05"' 1.89 (2) Mo3----O8 'i' 
Mo I---O8 2.200 (14) Mo3--O4 
Mo I---08"' 2.200 (14} Mo4----02 

1.700(15) 
1.953 (15) 
1.99 (2) 
2.171 (15) 
2.38 (2) 
1.69 (2) 
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Mo2---O 1 1.70 (2) Mo4---O9 'i 1.72 (2) 
Mo2---O4 i~ 1.73 (2) Mo4---O6 1.933 (14) 
Mo2--O3 v 1.959 (15) Mo4--O8 ~' 1.93 (2) 
Mo2--O6 'i 2.00 (2) Mo4---O3'"' 2.23 (2) 
Mo2--O6 ~' 2.29 (2) Mo4---O7 2.438 (15) 
Mo2--O9 2.30 (2) N---C 1.46 (3) 
Mo3--O 10 TM 1.668 (14) 

"" ( i i )  ~ - -  x , V  - -  t ~ - -  Z; (iii) Symmetry codes: (i) ½ + x,y - _~,~, ~ . _~, 
l - x , y ,  ½-:; (iv)x, -y,  ½+z;(v) ½-x, ½-y, l-z;(vi){+x, ½-y, ½+z: 
(vii) ½ - x, ½ + y, ½ - z; (viii) -x,  y, ~ - z. 

The powder diffraction pattern was indexed in a monoclinic 
system using the Ito method from CSD software (Akselrud 
et al., 1993). The systematic absences among hkl and hOl 
reflections lead to the possible space groups Cc and C2/c. The 
centrosymmetric space group C2/c was chosen and confirmed 
later during the crystal structure determination. The cell 
dimensions together with the 7.3% weight loss at 583 K for 
the reaction 

(NH3CH3).~MoO3+ ~ (t~_.~) MoO3 
allowed us to determine the exact composition as (NH3CH3)2- 
[Mo7022]. Only two molybdates were known with the same 
composition: Cs2Mo7022 (Gatehouse & Miskin, 1975) and 
TlzMo7Oz2 (Tol6dano, Touboul & Paulette, 1976). Their 
symmetry appears to be the same and their cell dimensions 
are very similar to those of the methylammonium compound. 
This fact allowed us to use the atomic coordinates from the 
T1 compound as a starting model in the Rietveld refinement. 
The positions of the remaining atoms were located from the 
difference Fourier map after least-squares profile fitting of 
the known atomic parameters. The N atom in the methyl- 
ammonium cation differs from the C atom by having much 
shorter contacts with neighboring O atoms due to hydrogen 
bonding (N . . .O  2.8 versus C . . . O  3.2 ,~,). The final Rietveld 
refinement (Fig. 3) was performed using GSAS (Larson & 
Von Dreele, 1990). Individual isotropic atomic displacement 
parameters were refined only for Mo atoms and a single 
parameter was used for the O atoms and atoms of the methyl- 
ammonium cation. A surface roughness absorption correction 
(Suortti, 1972) was applied. 

Data collection: DMS software from Scintag. Cell refine- 
ment: CSD (Akselrud et al., 1993). Data reduction: CSD. Pro- 
gram(s) used to refine structure: CSD, GSAS (Larson & Von 
Dreele, 1990). Molecular graphics: POLIEDRI (Pilati, 1990), 
INSIGHTII (Biosym Technologies, 1995). Software used to 
prepare material for publication: CSD, GSAS. 
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A b s t r a c t  

The  Yb a tom in the title c o m p o u n d ,  K[Yb(CIoHI :N208) -  
( H : O ) : ] . 5 H : O ,  is e igh t -coord ina te  through two N and 
four  O a toms in edta,  and two water  O atoms,  where  
edta  denotes  e thy lened iamine te t raace ta te .  The  g e o m e t r y  
around the Yb  a tom is inf luenced  by the size and 
electrostat ic  propert ies  of  the countercat ions .  

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BR 1181). Services for accessing these 
data are described at the back of the journal. 
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C o m m e n t  

The crystal structures o f  several  l an than ide -ed t a  ( L n -  
edta)  c o m p l e x e s  (where  edta denotes  e t h y l e n e d i a m i n e -  
tetraacetate)  have  been  repor ted and it has been  sug- 
ges ted  that the coord ina t ion  numbers  o f  the c o m p l e x e s  
d e p e n d  on the chang ing  ionic radii; a t en-coord ina te  
c o m p l e x  for La (Lind,  Lee & Hoard,  1965), n ine-  
coord ina te  complexes  for La (Hoard,  Lee  & Lind,  1965; 
Nakamura ,  Kurisaki ,  Wakita  & Yamaguchi ,  1995), Nd 
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