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SPECTROPHOTOMETRIC DETERMINATION OF ZINC WITH 
5-METHYL-l,3,4-THIADIAZOLYL-(2-AZO-l)-2-NAPHTHOL* 
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The reaction of Zn(ll) with 5-methyl-I,3 ,4-thiadiazolyl-(2-azo-I)-2-naphthol (MTDAN) and 
cxtraction of the complex formed in chloroform is studied. The optimum pH range for the extrac­
tion and forma tion of the complex is 10 - 11·2 and Beer's law is obeyed in the interval of 0 - 2 ppm 
of Zn(lI) in the organic phase. The molar absorptivity is 5·9 . 104 I mol- ( cm - ( at 568 nm. 
The stoichiometry of the complex corresponds to the type MLz. Some interferences are studied 
and a n easy way is given to eliminate them. The results are compared with those corresponding 
to TAN. The reaction is applied to the analysis of synthetic samples of bronzes with satisfactory 
results. 

The azoderivatives of heterocyclic compounds have been widely used in the spectro­
photometric determination of Zn(I1), the most important being PAN (ref. l

), PAR 
(fee), TAN (ref. 3

) and TAR (ref.4
), due to their metallic complexes with high molar 

absorptivities. Ackerman and Koethe 5 have been made a comparative study of some 
reagents used in the spectrophotometric determination of Zn(Il). The -authors re­
commended PAR, PAN and TAR as more sensitive. However, their selectivity is 
rather low. 

In the present work, the reaction of Zn(II) with a new azoderivative of thiadiazol , 
the 5-methyl-l,3,4-thiadiazolyl-(2-azo-l)-2-naphthol (MTDAN) is studied, and the 
reagent proposed as an alternative for the determination of Zn(II), for its higher 
selectivity as compared with the other reagents mentioned, and for a similar accuracy 
and precision of the zinc determination with this reagent. The results obtained are 
favourably compared with those corresponding to TAN. 

EXPERIMENTAL 

Apparatus and Reagents 

A Pye Unicam SP8-100 spectrophotometer with I cm silica cells was used for measuring ab­
sorbance, and a Radiometer 51 pH meter for pH measurements. Standard Zn(II) solution con-

Part II in the series Contribution to the Study of Azo Derivatives of Thiadiazol as Analyti­
cal Reagents; Part I: Afinidad 38, 345 (1981) . 
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taining 1 g 1- I of the met a l was prepared: other wo rk solutions were obta ined by a ppropriat e 
dilution. BufTers solutions were prepa red as described by Clark and Lubbs. The sy nthesis MTDA N 
was described previously6. The concentration of etha nolic reage nt soluti o n was 1 . 10 - J mol 1- I . 

All reagents used were of AR grade. 

Procedures 

Absorballce versus pH graphs. Absorption spectra o f free MTDAN in ethanolic so luti o n a nd or 
the extract of its Zn(llJ complex in ch lo roform were obtained as fo llows: Zn(ll) soluti on , co n­
ta ining 10llg of metal, was diluted to 25 ml with distilled water a nd 2 ml MTDAN solution 
were added. After mi xing, the needed pH was adj usted by adding 10 ml of butTer so luti o ns. To 
prevent the formation of emul sio n, 10 ml of a sat ul'atcd K 2S04 sol uti o n we re added and the 
aqueous solution was extracted with 10 ml of chloroform. 

Stoichiometry of the Com plex by Job's Method 

The concentrations of Zn(llJ aqueous soluti o n a nd of rcagcn t soluti o n in chloroform wcre 
2'5. 10 - 4 moll - I . A constant volume of 20 ml a nd pH 10 in the aqueou s phasc werc uscd 7

-
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Abso rption spectra of MTDAN-Zn(II) com­
plex (curve 1) and of free MTDAN (curve 2) 
extracted at pH 10 a gainst chloroform as 
reference 
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FIG. 2 

Job 's method of continuous varia tions modi­
fied a pplied to MTDAN-Zn(I1 ) complex in 
chloroform VM , VL voJumes of metal and 
liga nd solutions, resp. 
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The absorbances of the organic layers were measured at 568 nm against pure chloroform as 
reference. 

Spectrophotometric Determination of Zn(llj with MTDAN 

To a sample solution containing not more than 12 Ilg Zn(II) add 300 mg sodium tartrate, 10 mg 
dimethylglyoxime and dilute with distilled water up to 25 ml. Then, add 2ml ofethanolic MTDAN 
solution (0'06%), 10 ml of buffer solution pH 10, 10 ml of saturated aqueous solution of K 2S04 
and extract 1-2 min with 10 ml of chloroform. Measure the absorbance of the organic layer 
at 568 nm against a blank reagent solution, prepared simultaneously at the same conditions. 

RESULTS AND DISCUSSION 

Absorption Spectra 

The absorption spectra of the extract of the reagent and its Zn(lI) complex in chloro­
form are in Fig. 1. Two absorption maxima at 568 and 530 nm of the Zn(II)-MTDAN 
complex correspond to ligand-metal charge transfer transitions or vice-versa. At 
these wavelengths the absorbance of free reagent is negligible. The A-pH study 
indicated that the complex formation occurs in basic medium. The absorbance of 
the zinc complex remains almost constant in the pH range 10-11'2. 

Beer's Law 

Beer's law is followed at 568 nm in the range 0·2 to 2 ppm Zn. Greater values of Zn(II) 
content were not studied as the high absorbances obtained show a great photometric 
error. The equation of the straight line obtained is y = 5·9 . 104 ~ - 0·0263 
(x in moll-I), with a correlation coefficient of 0·9997 and a standard deviation of 
±0·0137. The molar absorptivity of the complex found is 5·9' 104 1 mol- 1 cm-\ 
and the Sandell sensitivity index 0·0011 !1g cm - 2. A Ringbom plot of the system was 
obtained, showing that the optimum interval of Zn(II) concentrations is 0·2 -1·2 ppm 
for which, the photometric errOl is about 1'0%. 

Stoichiometry of the Complex 

Results obtained are plotted in Fig. 2. Obviously, the stoichiometry of the complex 
corresponds to ML2 type. 

I nteljerences 

A study of the interferences in the determination of Zn(II) with MTDAN was made. 
The results are shown in Table I. It is seen thatMn(II), Cu(II), Cd(II), Ni(II), Co(I1), 
interfere even in proportion O' 5 : 1 with respect to Zn(II). A great majority of the 
elements studied, however, do not disturb the determination of Zn(II), although 
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present in quantities up to 10-100 times that of Zn(lI). In order to eliminate the 
mentioned interfering ions, some complexing agents were studied and a test of 
tolerance limit for each was made under conditions given in the procedure. The 
results are shown in Table n and it may be observed that a large quantity of tartrate 
does not interfere. It is, therefore, possible to mask high concentrations of Fe(TlI) 
and Pb(II), when present. Also dimethyl glyoxime is well tolerated, at least up to 

TABLE I 

Cation interference in the determination of 10 !-(g of Zn(I£) 
--- -------- ---_._---- -------- -------_._------------ -------

Ion !-(g Zn found , !-(g Ion !-(g Zn found, pg 

. --_._-------------._---_.-_._---_ •.. _- .. _---- --_ •. ------

Ni(Il) 13-2 AI(I1I) 1000 10-0 

Co(JI) 5 12·8 Zr(IV) 100 10-0 
Fe(lII) 20 10-0 UOiII ) 100 100 
Hg(lI) 100 11-0 Mo(VI) 1000 10·0 

Pb(Il) 100 109 W(Vn 1000 100 

Mn(lI) 13-8 Bi(lJ[) 1000 10 0 

Cd(JI) 13-5 Cr(JlI) 100 10-0 

Cu(ll) 11·7 V(IV) 100 10·0 

Ca(II) 100 10-0 Pd(lI) 12·5 10-9 

Mg(II) 100 10-0 AgO) 50 12·0 

TABLE II 

Interference of some complexing substance in the determination of IO!-(g of Zn 

Substance 

Sodium thiosulfate 

Sodium citrate 

Sodium oxalate 
Dimethyl glyoxime 

Sodium tartrate 
o-Phenantroline 
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mg 

60 
100 
20 
30 
30 

10 
300 

Zn found 
pg 

10-0 
10-6 
10-0 
10·3 
100 
10-0 
100 
100 
10·0 
1) ·5 
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TABLE J1[ 

Interference of some ions in presence of tartrate and dimethyl glyoxime, in the determination of 
[0 Ilg of Zn with MTDAN 

TABLE IV 

[o n Zn found, Il g 

[0 mg dimethyl glyoxime added 

Ni(rI) 
Co(ll) 
C u( l /) 

Fe( lIl ) 
Pb(lI) 

[00 

100 
10 

[00 

100 
100 

50 100 

300 mg ta rtrate added 

1000 
1 000 

10·0 
[0 ·0 

Compa rison of MTDAN a nd TAN reagents for the spectrophotometric determina tion of Zn(l l ) 

Parameters MTDAN TAN 

Optim um pH [0 

Optimum ra nge of 
Zn content, ppm 0·1- 1·2 01 - 08 

e, 1 mol - 1 em - 1 5·9 . 104 5'0.104 

Sensitivity 
~lg cm - 2 00011 00013 

)~ ll1 ax ' nm 568 58 1 

Interferences 
(~lg of cation showing the same a bsorbance as I llg of Zn) 

Co(II) 
Mn(H) 
Cd(JI) 
Hg(Il) 
Cu(II) 
Ni(lI) 

2·0 1·3 
8·6 1·3 
1·4 2·8 

286·6 15 
2·6 1·6 
2·5 1·2 
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10 mg Ni(U), Co(Il) and Cu(ll) may be masked with this reagent. This is shown in 
Table lIT. 

Comparisoll of MTDAN alld TAN ill the Determillation of Zn(ll) 

] n the Table IV some results are presented as obtained in the study of reagent MTD A N 
for the determination of Zn(lI) compared with those obtained with thiazolyl(2-azo-1) 
-2-naphthol ' O (TAN). With both reagents, the most appropriate solvent for extraction 
of the complex is chloroform. Absorption spectra for both Zn complexes are simi lar 
although the bathochromic shift between the reagent and the complex is a little 
higher with MTDAN (100 nm) than with TAN (95 nm). 

Although, the optimum pH is difTerent (pH 8 withTAN and pH 10 with MTDAN), 
it may be observed for both reagents that for pH highe l than 7, the change of absorb­
ance with pH is very small. Beer's law with TAN is obeyed in the interval O' J - 8·0 Ilg 
of Zn(ll). With MTDAN this interval is extended up to 20 Ilg, although the optimum 
range of work, in which the minimum enor is found, is 0·1 - 121lg of Zn(rl) in 10 ml 
of chloroform. Both TAN and MTDAN chelates have a M Lz composition. Due to 
the higher se lectivity of MTDAN, more interferences are fo und by using TAN as 

reagent in this detelmination. 

Applications 

The method described may be applied to the ana lysis of different types of samples in 
which Zn is a minor component, in presence of large quantities of Fe, Ni, AI and C u 
(e .g. in light alloys, rocks, etc.) . To apply the method to the analysis of bronze, some 
synthetic samples were prepared containing those elements present in the alloy and 
in quantities commonly found. For an aluminium bronze, a synt hetic sample was 
made of the following composition: 0·60% Zn, 4·75% Ni, 4'7 1% Fe, 9'50% AI. This 
co mposition corresponds to a bronze sample from which, Cu has been removed by 
electrolysis as it is done in regular analysis 11 . 

A solution was prepared equivalent to 0·5 g of so lid sample. From this, 3 ml were 
pi petted in a separation funnel and the recommended procedure was followed. T he 
results of five detelminations of Zn are: x = 0·609%, s = 0·01 J, reI. error = 1'5%. 
Another synthetic sample was prepared, equivalent to phosphor bronze after re­
moving Cu by electrolysisll . Its composition was: 0'75% Zn, 8'92% Sn, 1'01% P, 
0'80% Pb, 0·76% Ni , 0'20% Fe, 0·052% AI. After following the same procedure, 
the results obtained for five determinations of Zn are: x = 0'749%, s = 0'010, reI. 
error = 1'2%. These results may be considered satisfactory in accuracy a nd precision. 

The authors express their thanks to Dr J. L . Aznorez, chief of Analytical Department for the 
experimental facilities granted to carry alit this research. and Dr A . Calvo Calvo for the interest shown 

il/ this work. 
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