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396 RUDOLF PRlBIL and VLADIMiR VESELY

done although the stability constants of the TTHA complexes of aluminium, manga­
nese and copper were not known at that time (but see Discussion).

EXPERIMENTAL
Reagents

1THA solution 0·05M. Prepared by dissolution of 24·723 g of the free ~cid (Dojin. Ph~rmaceut~cal
Laboratories, Kumamoto, Japan) in 130 ml of warm 1M sodium hyd.roxlde, ~nd dilution to 1 htre
with redistilled water, and standardized by titration with 0'05M lead nitrate, WIth Xylenol Orange as
indicator. . .

Acetate buffer, pH 5·3-5'5. Prepared by neutralization of 1M acetic acid With 1M sodium hydrox-
ide to the desired pH, with potentiometric control. 0 • •

Indicators. A 0'5% aqueous solution of Xylenol Orange and a 1 %aqueous solution of Glycme-
cresol Red (both Lachema, Brno). .

Aluminium, copper, iron, manganese, calcium and ma.;Jnesium so~ution~, 0·05M. Prepare~ by d~~­
solving the appropriate amounts of reagent-grade chemicals (chloride, nitrate or sulphate) III redis­
tilled water, and standardized complexometrically.

Recommended procedure
To the slightly acid solution (pH 3-4) containing aluminium and man~<l;nese (up to an Mn:Al

ratio of 20) add an excess of 0·05M TTHA-enough to complex all aluminium (1 ml of TIHA c_

2·698 mg of Al)-and adjust the pH of the solution to 5,3-5·5 with acetate buffer and dilute to 150-200
ml with water. When large amounts of manganese are present let stand for 15-20 min to ensure
complete formation of the AI.TIHA complex. Then add a few drops of Glycinecresol Red and
titrate with 0'05M copper till the colour changes from yellow-green to violet.

Remarks. Not more than 10-15 ml of 0'05M TIHA in excess can be used, because in the back­
titration with copper, the blue Cu-TTHA complex is formed, which in large concentrations makes the
colour change less distinct. The need to stand the solution for some time before the back-titration
if a lot of manganese is present arises because very large concentrations of manganese hinder the
AI.TTHA complex formation and the results for aluminium would otherwise be low. Boiling the
solution, as is usually done in aluminium-EDTA titrations, has an unfavourable influence on
AI.TTHA formation.

By the method described, aluminium can be reliably determined even at low concentration, as
illustrated in Table I. Besides manganese, large amounts of calcium and magnesium are tolerable.

TABLE I.-DETERMINATION OF ALUMINIUM WITH TTHA IN THE PRESENCE OF MANGANESE
AND CALCIUM

AI
Added, mg 0'05M TTHA taken, 0'05M Cu" used, found, Error,

Al Ca Mn ml ml n~rr mg

1·43 41 2·97 4·99 1·28 -0,15
1·43 100 14 2-97 4·96 1·32 -0'11
4·28 50 4·95 6'73 4·27 -0,01
4·28 6 69 4'95 6·73 4'27 -0'01
7·13 20 27 9·89 14'58 7'02 -0,11
7·13 40 137 9·89 14·63 6·95 -0'18

14·25 200 274 9·89 9,22* 14·25 0
35·63 200 137 19'79 13-21 35·57 -0,06

,. Standing time 30 min.

The same method can be used for the determination of the sum Al + Fe up to an amount of 25 mg
of Fe/200 ml. At high concentrations the yellow Fe.TTHA complex makes the colour change at the
end-point less sharp. Manganese, calcium and magnesium do not interfere in the determination.

Near the end of our experimental work two papers by Harju and Ringbom appcared.s-" which
extended Ringbom's general theory of complexation to TTHA titrations.s Both papers gave valuable
information about the stability constants of the ML and M2L complexes of 19 common elements
with TII;IA, as well as their conditional constants, and estimates of the optimal conditions for com­
plexometric determination of various metals, which were in good agreement with our previous findings.
We were interested in Professor Ringbom's opinion and asked him for comments. We are most
grateful for the following discussion by Professor Ringbom.
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