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A ~ t r a c t - - T h e  equilibria pH + + qMoO 2- + r(Cn3)2AsO2- ~=; (H +)p(MoO~- )q((CH3)2AsO 2 )r have been inves- 
tigated at 25.0°C in 0.600 M Na(CI) by the combined emf-NMR method. Both emf and IH NMR data 
confirmed the existence of [(CH3)2AsMo4Oj4(OH)] 2- , (7,4,1) in the (p, q, r) notation, in solution. Least-squares 
calculation gave Iogf17,4,1 = 46.20+0.03, where fl7.4.1 is the formation constant of (7,43). No other ternary 
species was detected in solution. © 1997 Elsevier Science Ltd 
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Equilibrium analysis of molybdoorganoarsonates and 
molybdoorganoarsinates by potentiometry were 
reported some time ago [1]. The equilibria of the H ÷- 
MoO42--RAsO32- (R = CH3, C6H5) and H+-MoO~ - -  
(CH3)2AsO2 systems were then explained by rela- 
tively simple models. In our recent reinvestigation of 
the H+-MoO2--CH3AsO 2- system by the combined 
emf-NMR method [2], however, as many as nine 
different molybdomethylarsonate species were found 
in solution [3]. This result made us suspect the exis- 
tence of molybdodimethylarsinates other than the 
well-characterized AsM04 species and promoted us to 
reinvestigate the H ÷-MoO~- -(CH3)2AsO~- system by 
the combined emf-NMR technique [4]. 

EXPERIMENTAL 
Chemicals 

The following were purchased from commercial 
sources and used without further purification: D20 
(Isotech), DCI and TSP-d4 (Aldrich). NaCI (Manack, 
JIS Primary Standard) was dried at 300°C for 30 min 
before use. (CH3)2AsO2Na (Kishida) was dried in 
vacuo over P205 until a constant weight was reached. 

* Author to whom correspondence should be addressed. 

The arsinate salt dried in this manner was found to 
contain no water. 

Emf measuremen ts 

The same apparatus as in our previous report was 
employed [1 (a)]. The temperature was kept constant 
at 25.0___0.1°C throughout the experiment. Six 
titrations were performed and 139 data points were 
collected. The data covered the ranges 6 .9>  
- l o g h  > 1.8, 30.00 t> B/mM >1 8.00, 10.00 >/ 
C/mM >>, 2.00, and 12.00 t> B/C >~ 1.00, where h is the 
concentration of the free hydrogen ion in solution [5]. 
B stands for the total concentration of molybdate and 
C that of arsinate. In most cases stable emfvalues were 
attained within 5 min. However, we found somewhat 
slower equilibria in the range 4.0 > - l o g h  > 3.2 
when B/C was around 4. 

NMR measurements 

IH N M R  spectra were recorded on a JEOL JNM- 
A400 spectrometer at 400 MHz and referenced exter- 
nally to TSP-d4 by the sample replacement method. 
In total 79 spectra were recorded in the ranges 
8.3 > pH > 1.4 and 15 ~ B/C >1 1. B was kept con- 
stant at 30.01 mM. 
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Binary systems 

Since there was no former report on the binary H +- 
(CH3)2AsO 2 equilibria in 0.600 M Na(CI), four sep- 
arate emf titrations were performed to determine the 
formation constants of this system. A total of 149 emf 
data points was collected. The data covered the ranges 
7 . 8 > - l o g h >  1.6 and 30.00 >~ C/mM >13.00. A 
total of 28 ~H NMR spectra were also recorded, which 
covered the ranges 30.00/> C/mM>~ 10.00 and 
8.4 > pH > 1.7. Both emf and ]H N M R  data did not 
show any sign of concentration dependence, meaning 
that only monomeric species existed in the ranges 
investigated. The system was well explained by 
(CH3)2AsO~- , (CH3)2AsO2H , a n d  (CH3)EAsO2Hf  
[ (0 ,0 ,1 ) ,  ( 1 ,0 ,1 ) ,  a n d  ( 2 , 0 , 1 ) ,  respect ively,  in the  
(p,  q, r) n o t a t i o n  [6]] w i th  the  f o r m a t i o n  c o n s t a n t s  

logfll,0,~ = 6.015(5)  a n d  logfl2,0,~ = 7.638(7)  [7]. 
L e a s t - s q u a r e s  ca l cu l a t i ons  o n  the  6 vs p H  cu rve  gave  
the  ~H N M R  chemica l  shif ts  o f  (0, 0, 1), (1 ,0 ,  1), a n d  
(2, 0, 1) as 1.66(1) p p m ,  2.06(1)  p p m ,  a n d  2.47(7)  p p m ,  
respect ively.  

F o r  the  H+-MoO42-  equ i l ib r i a  the  c o n s t a n t s  
r e p o r t e d  e l sewhere  were  used  [2]. 

RESULTS AND DISCUSSION 

The equilibria of the current system can be written 
in the general form 

pH + + qMoO~- + r(CH 3) 2 AsO~ 

(H +)p (MoO2-)q((CH3)2AsO~-)r 

The complex on the right-hand side will simply be 
referred as (p, q, r) and its formation constant flp.q,, 

In Fig. 1 chemical shifts of different peaks are plot- 
ted against pH. Contrary to our initial suspicion, only 
two peaks were observed in the entire concentration 
ranges investigated. Peak B is assigned unam- 

biguously to the free arsinate in solution, because it 
appears in the spectra even if the solution contains no 
molybdate. This leaves peak A as the only molyb- 
doarsinate peak in the current system. 

The variation of relative peak intensities with the 
B/C ratio (Fig. 2) strongly suggests that the molyb- 
doarsinate formed in solution has a Mo/As ratio 
(hence q/r ratio) of four. The plot shown in Fig. 3 is 
also consistent with the formation of a strong complex 
that has a Mo/As ratio four. The potentiometric 
titration curve at B/C = 4 (Fig. 4) shows a plateau at 
ZB.c ~ 1.4 [8]. This indicates that the p/(q+r) value 
of the molybdoarsinate formed is about 1.4. 

All these observations have led us to the conclusion 
that the molybdoarsinate formed in solution is 
(7,4, 1). Least-squares calculations on the emf data 
by a program LAKE [2, 9] gave logfl7.4,1 = 46.20(3) 
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Fig. 2. Relative intensities of different peaks as a function of 
the B/C ratio at pH ~ 4.5. B was kept constant at 30 mM. 
Solid and dotted lines have been calculated by using the 

determined formation constants. 
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Fig. 1. Chemical shifts, 6, as a function o fpH.  B was kept 
constant at 30 raM. Peaks A and B are assigned to (7,4, l) 

and free arsinate, respectively. 
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Fig. 3. Relative intensities of different peaks as a function of 
pH at B = 30 mM and C = 15 mM. Solid and dotted lines 
have been calculated by using the determined formation con- 
stants. At  pH < 4, 50% of  C is consumed for the formation 

of the molybdoarsinate (7, 4, 1). 



Analysis of  molybdoorganoarsonates  

2 3 4 5 6 7 
I I I I I 

1.6 - . 1.6 

1.4 . . . .  " ' "  1.4 

1 .2  - 1 . 2  

1.0 - 1.0 

o.s - o.8 

0 .6  - ~ 0 .6  

0 .4  - 0.4 

0.2 - 0.2 

0.0 - 0.0 I I I I I 
2 3 4 5 6 

-log h 

Fig. 4. Z~.~. as a function of - logh .  Symbols are from 
titrations at B = 10, 30 and 8 mM, and C = 10, 2.5 and 2 1. 
mM, respectively. Solid and dotted lines have been calculated 

by using the determined formation constants. 

[5]. Introduction of  (6,4, l) and (8,4, l) to the model 
improved the result of  the least-squares calculation 
slightly. However,  protonat ion/deprotonat ion of  
(7,4, 1) was excluded because the chemical shift of  
peak A showed no pH dependence. 

Figure 5 shows the molybdate distribution among 
different species calculated by using the determined 
formation constant of  (7, 4, 1). Here again it is shown 
that (7, 4, 1) is a very strong complex. It forms almost 
quantitatively in moderately acidic aqueous solution. 
Virtually no isopolymolybdates are formed when 
B/C = 4. An interesting thing to note here is this sim- 
plicity of  the equilibria. As mentioned earlier, as many 
as nine heteropolymolybdate species were detected in 
the closely related H+-MoO4 - -CH3AsO~- system. 
Substituting one of  the oxygen atoms bound to the 
arsenic atom with a methyl group seems to have a 
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Fig. 5. Distribution diagram of Mo as a function of - log h 
at B = 8 mM and C = 2 raM. Minor species with the frac- 

tion < 0.02 have been omitted. 
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great influence on the formation of hetero- 
polymolybdate.  

The composit ion of  (7, 4, 1) coincides with that of  
[(CHO2AsMo40~4(OH)]2 , which have been isolated 
and structurally characterized as a guanidinium salt 
[10]. It is most likely that (7.4,1) actually is 
[(CH~):AsMo40.4(OH)] 2 . 
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