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Summary

Formation kinetics of the AledtaF2– mixed ligand complex have been studied using potentiometric and 19F-NMR methods. The rate equation can be given as follows: 
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where k1 = 20.7 ( 0.3 M–1s–1 and k2 =  471 ( 93 M–1s–1 at 298 K, the activation parameters for the main reaction path (k1) are (H( = 49.2(0.9 kJmol–1, (S( = –54.6(2.8 Jmol–1K–1 studied in the range of pH = 4.6 – 6.0 and T = 283 – 328K. An associative interchange (Ia) mechanisms can be proposed for the reaction. The stability constant, KAledtaF = [AledtaF2– ]/ [Aledta–][F–] was redetermined from the kinetic curves. logK = 4.63 ( 0.01 at 298 K and I = 1 M NaNO3 medium, (H = –25.1 ( 0.5 kJmol–1and (S =  4.6 ( 1.5 Jmol–1K–1  has been estimated. Measuring the initial rate of the reaction can be used as a kinetic method to determine the aluminium concentration using a fluoride selective electrode.
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Table S1
Primary kinetic data

   T=   283.4 K 
 C0F = 2.00(10(4 M    
C0Aledta = 2.00(10(3 M 

  pH=   
4.597   
4.822   
5.027   
5.336   
5.530   
5.710   
6.051   

 t [s]  
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 

    0  * 
438.09  
438.89  
438.19  
436.49  
437.39  
437.99  
438.19  

   10   
442.5   
443.2   
       
439.3   
439.9   
439.8   
439.4   

   20   
447.2   
447.7   
445.7   
442.4   
442.4   
441.7   
440.8   

   30   
451.6   
451.9   
       
445.6   
444.9   
443.7   
441.9   

   40   
456.4   
456.2   
452.8   
448.5   
447.3   
445.8   
443.2   

   50   
460.8   
460.4   
       
451.3   
449.9   
447.5   
444.5   

   60   
465.2   
464.9   
459.9   
454.3   
452.2   
449.5   
445.7   

   70   
469.5   
469.0   
       
       
       
       
447.0   

   80   
473.9   
473.0   
466.7   
459.9   
457.3   
453.2   
448.2   

   90   
478.1   
477.1   
       
       
       
       
449.5   

  100   
482.4   
481.0   
473.4   
465.4   
461.8   
456.8   
450.7   

  110   
486.4   
485.1   
       
       
       
       
451.9   

  120   
490.1   
488.9   
480.0   
470.0   
466.4   
460.5   
453.3   

  150   
502.4   
500.1   
489.0   
       
473.4   
465.9   
456.7   

  180   
514.0   
510.8   
498.8   
486.9   
479.9   
471.1   
460.2   

  210   
523.1   
520.1   
507.5   
494.5   
486.8   
476.2   
464.0   

  240   
531.5   
528.5   
515.8   
501.8   
492.6   
481.2   
467.4   

  270   
538.6   
535.0   
522.9   
508.7   
499.0   
486.0   
470.8   

  300   
544.0   
541.2   
529.4   
515.2   
504.3   
491.0   
474.2   

  360   
551.3   
549.1   
539.3   
526.4   
514.5   
500.0   
480.9   

  420   
555.0   
553.6   
545.7   
534.8   
523.1   
508.3   
487.4   

  480   
556.9   
555.9   
549.6   
540.7   
530.0   
515.7   
493.5   

  540   
557.9   
557.4   
551.9   
544.6   
535.1   
522.0   
499.2   

  600   
558.6   
558.3   
553.3   
547.0   
539.0   
527.3   
504.5   

  900   
559.7   
560.1   
       
550.9   
546.0   
540.0   
       

* potential values measured at t = 0 are corrected  with the dilution  by  addition of  the Aledta solution into the 20.0 ml NaF solution 

Table S2
Primary kinetic data

T=   298.2  K 
 C0F = 2.00(10(4 M    
C0Aledta = 2.00(10(3 M
  pH=   
4.837   
5.058   
5.353   
5.566   
5.740   
5.933   

 t [s]  
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 

    0 *  
448.12  
448.32  
447.52  
448.82  
448.32  
448.02  

   10   
459.0   
458.4   
455.9   
455.7   
453.9   
452.6   

   20   
470.9   
468.5   
464.8   
462.8   
459.7   
456.7   

   30   
482.4   
477.2   
473.5   
469.1   
465.8   
461.3   

   40   
493.4   
487.5   
481.3   
475.8   
471.3   
465.8   

   50   
503.7   
496.4   
489.5   
481.9   
476.8   
470.1   

   60   
513.3   
504.1   
497.0   
488.3   
482.2   
474.4   

   70   
522.5   
513.5   
504.2   
494.1   
487.4   
478.6   

   80   
529.9   
520.1   
511.0   
499.0   
492.5   
482.6   

   90   
536.6   
527.4   
517.2   
505.2   
497.3   
486.2   

  100   
541.9   
532.9   
523.3   
510.2   
501.9   
490.1   

  110   
546.0   
537.8   
528.6   
514.9   
506.3   
493.9   

  120   
549.4   
541.9   
532.2   
519.5   
510.5   
497.5   

  130   
       
       
       
       
       
       

  140   
554.0   
548.0   
540.0   
527.2   
518.1   
504.1   

  150   
       
       
       
       
       
       

  160   
556.6   
552.0   
544.9   
533.2   
524.6   
510.0   

  170   
       
       
       
       
       
       

  180   
558.0   
554.3   
548.2   
537.9   
529.8   
515.5   

  200   
558.9   
555.8   
550.3   
541.3   
534.0   
520.2   

  220   
559.4   
556.6   
551.7   
543.8   
537.0   
524.1   

  240   
559.8   
557.2   
552.5   
545.5   
539.4   
527.4   

  260   
       
       
       
       
       
       

  270   
560.1   
557.7   
553.3   
547.1   
541.8   
531.3   

  280   
       
       
       
       
       
       

  300   
560.4   
558.0   
553.8   
548.0   
543.3   
534.0   

  330   
560.6   
558.3   
554.1   
548.6   
544.1   
535.8   

  360   
560.7   
558.4   
554.3   
549.0   
544.7   
537.1   

  390   
       
       
       
       
       
       

  420   
       
       
       
       
       
538.5   

  600   
       
       
       
       
       
539.6   

* potential values measured at t = 0 are corrected  with the dilution  by  addition of  the Aledta solution into the 20.0 ml NaF solution 

 Table S3
Primary kinetic data

T=   308.2  K 
 C0F = 2.00(10(4 M    
C0Aledta = 2.00(10(3 M
pH=   
4.604   
4.813   
5.035   
5.310   
5.727   
6.051   

 t [s]  
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 

    0  * 
454.83  
454.63  
454.13  
453.33  
452.83  
453.43  

   10   
478.8   
476.6   
474.4   
469.9   
464.0   
461.0   

   20   
502.7   
496.8   
494.1   
485.7   
475.9   
469.3   

   30   
522.0   
515.6   
511.5   
501.7   
486.9   
477.5   

   40   
538.4   
530.2   
526.7   
515.8   
497.5   
484.9   

   50   
548.8   
542.8   
538.3   
526.7   
506.7   
491.8   

   60   
554.7   
549.7   
546.3   
535.6   
514.9   
498.2   

   70   
558.0   
554.1   
551.3   
541.9   
522.0   
504.5   

   80   
559.7   
556.6   
554.2   
546.3   
527.8   
509.8   

   90   
560.6   
558.0   
555.8   
549.1   
532.2   
514.5   

  100   
561.1   
558.8   
556.9   
550.9   
535.7   
518.7   

  110   
561.5   
559.3   
557.5   
552.0   
538.3   
522.0   

  120   
561.7   
559.6   
557.9   
552.7   
540.0   
524.8   

  140   
562.0   
560.0   
558.4   
553.6   
542.3   
529.0   

  160   
562.2   
560.3   
558.7   
554.0   
543.5   
531.7   

  180   
562.4   
560.5   
558.9   
554.3   
544.1   
533.3   

  200   
562.5   
560.6   
559.0   
554.4   
544.4   
534.3   

  220   
562.6   
560.7   
559.1   
554.6   
544.6   
534.9   

  240   
562.6   
560.8   
559.2   
554.7   
544.7   
535.3   

  270   
       
561.0   
       
       
       
       

  300   
       
561.1   
       
       
       
       

*potential values measured at t = 0 are corrected  with the dilution  by  addition of  the Aledta solution into the 20.0 ml NaF solution

 Table S4
Primary kinetic data

T=   323.2  K 
 C0F = 2.00(10(4 M    
C0Aledta = 2.00(10(3 M
  pH=   
4.622   
4.820   
5.028   
5.322   
5.541   
5.716   
6.015   

 t [s]  
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 

    0   
460.76  
460.96  
460.16  
460.36  
460.96  
461.06  
459.96  

   10   
518.5   
513.8   
509.8   
500.1   
496.5   
490.8   
482.0   

   20   
549.2   
545.9   
542.0   
530.0   
523.1   
515.5   
499.7   

   30   
557.1   
555.1   
552.2   
544.6   
538.4   
530.9   
514.4   

   40   
558.7   
557.4   
554.9   
549.3   
544.9   
538.6   
523.6   

   50   
559.3   
558.1   
555.8   
550.8   
547.1   
542.0   
528.9   

   60   
559.6   
558.5   
556.3   
551.4   
548.0   
543.4   
531.4   

   70   
559.8   
558.7   
556.5   
551.8   
548.4   
544.0   
532.8   

   80   
559.9   
558.9   
556.6   
552.0   
548.6   
544.3   
533.5   

   90   
560.0   
559.0   
556.8   
552.1   
548.7   
544.5   
533.9   

  100   
560.2   
559.1   
556.9   
552.2   
548.8   
544.6   
534.0   

  110   
560.2   
559.2   
557.0   
552.3   
548.9   
544.7   
534.2   

  120   
560.3   
559.3   
557.1   
552.4   
549.0   
544.8   
534.2   

  130   
560.3   
559.3   
557.2   
552.5   
549.1   
544.9   
534.3   

  180   
       
       
       
552.7   
       
       
       

*potential values measured at t = 0 are corrected  with the dilution  by  addition of  the Aledta solution into the 20.0 ml NaF solution

 Table S5
Determinatiom of aluminium concentration using a fluoride selective electrode. Kinetic data measured at different concentration of Aledta / M

T=   298.2  K 
 C0F =   1.00 10–5 M    
pH = 5.01 

C0Aledta =
1.00e–04
2.50e–04
3.75e–04
5.00e–04
6.25e–04
7.50e–04
8.75e–04

 t [s]  
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 
E [mV] 

    0   
227.1   
225.6   
226.2   
225.6   
225.0   
225.2   
225.3   

   10   
227.6   
226.6   
227.4   
226.9   
227.6   
228.1   
228.5   

   20   
228.1   
227.9   
229.2   
228.7   
231.2   
231.9   
232.7   

   30   
228.7   
229.3   
231.1   
231.1   
234.6   
236.0   
236.9   

   40   
229.2   
230.7   
233.1   
233.4   
237.7   
239.9   
241.6   

   50   
229.8   
232.0   
235.2   
235.9   
241.1   
243.8   
245.9   

   60   
230.3   
233.3   
237.1   
238.8   
244.4   
247.5   
250.4   

   70   
230.9   
234.6   
239.1   
241.3   
248.0   
251.2   
254.2   

   80   
231.4   
236.0   
241.1   
243.7   
250.4   
254.9   
258.1   

   90   
231.9   
237.4   
243.0   
246.4   
253.2   
258.1   
261.6   

  100   
232.4   
238.6   
244.8   
248.8   
256.3   
261.4   
265.1   

  110   
232.9   
239.8   
246.7   
251.4   
258.9   
264.5   
268.4   

  120   
233.5   
241.1   
248.6   
253.5   
261.6   
267.5   
271.6   

  140   
234.5   
243.6   
252.1   
257.9   
266.6   
272.9   
277.3   

  160   
235.5   
245.9   
255.5   
262.0   
271.1   
277.5   
281.7   

  180   
236.5   
248.3   
258.7   
266.1   
275.2   
281.6   
285.7   

  200   
237.5   
250.5   
261.9   
269.6   
278.8   
285.4   
289.1   

  220   
238.4   
252.7   
264.7   
272.9   
282.0   
288.3   
292.0   

  240   
239.4   
254.7   
267.4   
275.9   
284.0   
291.0   
294.3   

  300   
242.2   
260.4   
274.4   
283.2   
291.4   
296.8   
299.6   

  360   
244.8   
265.6   
279.9   
288.3   
295.6   
300.5   
302.9   

  480   
249.6   
273.2   
287.2   
294.3   
300.4   
304.0   
306.7   

  600   
253.4   
278.4   
291.0   
297.3   
302.8   
306.8   
309.0   

  900   
260.6   
284.5   
294.4   
300.2   
305.3   
309.6   
311.9   

Stability constants used for equilibrium calculations (from references 4a, 7, 9, 21, 25 and C. F. Baes, R. E. Messmer, The Hydrolysis of Cations, John Wiley & Sons, London, 1976.)
H+
edta4–
Al 3+
F–
Hedta3–               
,  10.2600   
1   1   0   0

H2edta2–

,  16.42     
2   1   0   0

H3edta–              
,  19.09     
3   1   0   0

H4edta              
,  21.08     
4   1   0   0

Aledta –           
,  16.13     
0   1   1   0

HAledta             
,  18.54     
1   1   1   0

AledtaF2–          
,  20.93      
0   1   1   1

Aledta(OH) 2–    
,  10.32 

-1   1   1   0

Al(OH)2+          
,  -5.52   
-1   0   1   0

Al(OH)2+        
,  -11.30  
-2   0   1   0

Al(OH)3              , -17.30  

-3   0   1   0

Al(OH)4–           
, -23.50  
-4   0   1   0

Al13(OH)32 7+   
, -105.5    
-32  0  13   0

HF                  
,  2.92 

 1   0   0   1

HF2–               
,  3.41

 1   0   0   2


AlF2+              
,  6.1

 0   0   1   1

AlF2+              
,  11.09

 0   0   1   2

AlF3                
,  14.93     
 0   0   1   3

AlF4–              
,  17.67           
 0   0   1   4

AlF52–             
,  19.5

 0   0   1   5

AlF63–             
,  19.97

 0   0   1   6
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