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ABSTRACT 
 
X-ray diffraction pattern showed that in unit cell of fluorotrioxochroamte the ions arranged in a 
hexagonal closest packing with Z = 4. The cation and anion moieties are separated from each 
other and arranged in an alternative AB layering pattern. In the molybdenum and tungsten de-
rivatives the powder diffractions data show the new prepared compounds. The crystalline forms 
are similar to those reported for NaMoO3F and CuNbO3F. NaMoO3F and CuNbO3F have been 
described as infinite zig-zag strings of edge-sharing M(O, F)6 (where M= Mo and Nb in 
NaMoO3F and CuNbO3F respectively) octahedral along the c-axis direction. 
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INTRODUCTION 
 
In recent years there has been a great deal of interest in the transition metal oxyfluoro com-
pounds especially of group VIB elements. These because of the important prerequisites for an 
oxidant to be useful are its mildness, versatility, selectivity and operational simplicity [1-3]. Con-
sidering these, the development of oxidizing agents based upon higher-valent transition metal 
oxo derivatives has been the objective of many research laboratories and a host of such reagents 
derived from ruthenium, osmium, iron, manganese, molybdenum, tungsten, vanadium and chro-
mium have all proven to be capable of alcohol oxidation [4-6]. 

 
MATERIALS AND METHODS 

 
Acetonitrile (Fluka, P.A.) was distilled several times from phosphorus pentaoxide before use, 
thereby reducing its water content to <4 ppm. Tetramethylammonium fluoride was prepared by 
previously reported method [7]. CrO3, MoO3 and WO3 (Merck, P.A.) were used without further 
purification. Other solvents dried and purified by standard methods. Infrared spectra were re-
corded as KBr disks on a Shimadzu model 420 spectrophotometer. The UV/Visible measure-
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ments were made on a Shimadzu model 2100 spectrometer. Proton, 13C, 19F NMR were carried 
out on a Bruker AVANCE DRX 500 spectrometer at 500, 125, 470.66 MHz. All the chemical 
shifts are quoted in ppm using the high-frequency positive convention; 1H and 13C NMR spectra 
were referenced to external SiMe4 and 19F NMR spectra to external CFCl3. The percent composi-
tion of carbon, hydrogen and nitrogen were obtained from the microanalytical laboratories, De-
partment of Chemistry, OIRC, and Tehran. X-ray diffraction patterns of powdered samples in 
sealed 0.5-mm quartz capillaries were obtained by using a general Electric Model XRD-6 dif-
fractometer, Ni-filtered Cu Kα radiation, and a 114.6 mm diameter Philips camera. 
 
Synthesis of tetramethylammonium fluorocompound(VI), (CH3)4N[MO3F] 
Metal trioxide, MO3 was suspended in 20 ml of dry acetonitrile in a glove box under the argon 
atmosphere. To this mixture stoichiometric amount of powdered tetramethylammonium fluoride 
was added with stirring, maintaining the ratio of (CH3)4 NF: MO3 as 1:1. The reaction was fast, 
but for the sake of ensuring completion of reaction stirring was continued for 24 hours, and the 
white product was filtered, washed two times by dry isopropyl alcohol and diethyl ether then 
dried under vacuum. The tetramethylammonium trioxofluorocompound (VI), obtained is a 
highly pure, white compound. The compound is stable in air, but react by water and it better 
stored in sealed polythene bags. 
 

RESULTS AND DISCUSSION 
 
(CH3)4N[MO3F] were prepared by the reaction of (CH3)4NF and MO3 in a 1:1 ratio in acetoni-
trile solvent as follows: 

MO3 + (CH3)4NF → (CH3)4N[MO3F] 
 

Chemically, the free fluoride anion in (CH3)4NF acts, as a very strong Lewis base and readily 
complexes with suitable Lewis acids, such as BF3, PF5, SbF5..., forming the corresponding com-
plex fluoro anions. In the absence of good fluoride acceptor molecules, it can abstract even rela-
tively firmly bound protons from compounds such as CH3CN. The (CH3)4N

+ cation is coordina-
tively saturated and due to the relatively high strength of the carbon-nitrogen bond, possesses 
high activation energy toward chemical reactions [7]. In the above reaction (CH3)4NF was used 
for fluoride addition to CrO3 Lewis acid. 
 
Our work provided tetramethylammonium fluorochromate (TMAFC) that is a useful new oxi-
dant for organic chemists. The chemistry of TMAFC has been explored as an oxidizing agent 
[8]. This compound shows oxidative properties like as other halochromates [9, 10]. Tetramethyl-
ammonium fluoromolybdate (VI), (CH3)4N[MoO3F], showed oxidative properties in the pres-
ence of acids such as acetic acid. Tetramethylammonium fluorotungstate (VI), (CH3)4N[WO3F], 
did not show any oxidative properties with and without of acids.  This reactivity could be ex-
plained by the point to the size of these group elements.  
 
Crystal growthing from tetramethylammonium salts are difficult. These compounds commonly 
give very fine crystals (micro crystals) that are not suitable for X-ray single crystal diffraction.  
With many efforts the compound (CH3)4N[CrO3F] crystallizes in the non-centrosymmetric 
tetragonal space group P-421m. The tetramethylammonium cations are located in two different 
symmetry environments. This is indeed a rather complex crystal from the point of view of sym-
metry. Single crystal X-ray diffractions showed that in the unit cell of this compound the ions 
were arranged in a hexagonal closest packing with Z = 4. The cation and anion moieties are sepa-
rated from each other and arranged in an alternative AB layering pattern. It seems that each Cr 
atom is surrounded by two F and five O atoms. But obviously, with the Cr atom sitting on a crys-
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tallographic mirror plane, what we have is a disordered situation in which Cr is actually four-
coordinated, with the Cr and one O atom situated on the mirror plane and two oxygens and one 
fluorine off the plane, which result in the appearance of a seven-coordinate species [11]. 
Tetramethylammonium fluoromolybdate (VI), (CH3)4N[MoO3F] and Tetramethylammonium 
fluorotungstate (VI), (CH3)4N[WO3F], give very fine crystals that are not suitable for X-ray sin-
gle crystal diffraction. These compounds studied with powder X-ray diffraction technique. Table 
1 shows the indexed X-ray diffraction pattern of (CH3)4N[WO3F]. These data show the new pre-
pared compound. 
 

Table 1.  X-ray diffraction data for the (CH3)4N[WO3F] 

 
The crystalline form is similar to those reported for NaMoO3F and CuNbO3F. NaMoO3F and 
CuNbO3F have been described as infinite zig-zag strings of edge-sharing M(O, F)6 (where M= 
Mo and Nb in NaMoO3F and CuNbO3F respectively) octahedral along the c-axis direction, with 
cation atoms (Na in NaMoO3F and Cu in CuNbO3F) inserted between the strings [12, 13].   
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CONCLUSION 
 
By examination of the powder X-ray diffraction pattern of tetramethylammonium ion salts it is 
possible to predict the lattice, the approximate size of the anion, the closeness of approach of the 
cation to each other, the presence or absence of cation to anion hydrogen bonding and whether or 
not the cation is distorted from tetrahedral. 
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