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THE USE OF DIThIZONE AS AN INDICATOR 
IN THE TITRIMETRIC DETERMINATION 

OF ZINC WITH FERROÛYANILE 

Introduc t.ofl 

The organi e compound dtpheny1thXocarbazore, commonly 

called dlthizone (7, p. 1), ha& already found wide ac- 

c.ptance as an aìalyt1cal reagent for the quantitative 

determination of zifle th.rough the intense coloration of 

its metallic derivativOs and its extractive powers. The 

coloration of its metallic derivativee 1 used for the 

colorimetric (2, pp. l2'7131) or spectrophotometric de- 

termination (i, pp. 145-149) of the concentration of 

metallic ione in solitions, while its extractive powors 

are the basis for titrimetric methods (6, pp. 33-36). 

In each of thesé methods the dithizone serves as a 

standardized reagent; a rolo for which it is not well 

adapted because of certain of its physical and chemical 

properties which will be reviewed in the theoretical con- 

siderations of the method proposed in this thesis. At 

the saive time, potassium ferrocyanide has been used as a 

reagent for the quantitative precipitation of zinc In 

titrimotric detormirations (3, pp. 268-271). Those ex- 

Isting methods have ithorent defects which causo them to 

be rather tedious or require the preparation of more than 

one standard solution. 
The object of the present work was to develop a method 

for the determination of zinc which embodied the desirable 
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qualities of each of these reagents. This could be de- 

veloped if the dithizone was used merely to indicate the 

presence of the zinc ions in solutions, while the ferro- 

cyanide ion was used ùs a means of removing zinc ions 

from solution as the insoluble zinc potassium ferrocyanide. 
The research conducted was to determine whether conditions 

demanded by each of these reagents could be met in a manner 

that would afford the greatest degree of accuracy with the 

least possible manipulation of the sample. 

As a result of this research a method is presented 

which allows for dix4oct and accura determination of the 

concentration of zincS ions in solution by a titrimetric 
method. It involves the uso of only one standardized 

solution and requires minimum handling of samples and 

solutions. 
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Theoretical Conaiderationa 

The diatinguishin foature of the proposed method for 

the deterimthation of zinc is that the end point of the re- 

action is detected by an indicator which owes its action 
solely to the presence of ari excess of the ion being de- 

termined. Thi8 eliminates the need of using more than 

one standard solution as is often the case in titrimetric 

determinatloris of metallic ions. Another unusual but very 

important aspect in favor of this indicator is that it is 
contained in a tiny droplet of an organic solvent which is 

inimiscible with water. This localization of the indicator 

allows for greater color contrast at the end poirit than is 

possible when the indicator is dispersed throughout the en- 

tire volume of the reactants. 

Tule indicator, diphenyithiocarbazone, or dl thiz one 

as it Is more commonly referred to in literature, has the 

following composition arid forms metallic complexes (7, p.1) 

as Indicated below: 

N: :N : C6H5 N: :N : C6H5 

S: :C E:S: C 
t u 
N:N:C6H5 N:N:C6H5 
H H H 



N: :N : 06H5 

S: zC + Zn/2 
T 

N:N : C6H5 
HR 

4 

N: :11 : C6H5 
T 

S: :C 
t 2 

N : N : C6H5 
H. 

N: :N : C6H5 N: :N : C6H5 

H t S t C 4- 2 Zn/2 - s : C 

t: 2 :: 

NNC6H5 N:N:C6H5 
H 

These metallic eomplexes are stable, ut will forni 

only ii-i a linitød pH range (5, p. 67). For ziìc this range 

is wide; the reaction of the dithizone with zinc takes 

place slowly at pH .5 and more rapidly as pH 5.0 is ap- 

proached or exceeded. The speed of reaction of dithizone 

with the zinc lob sets the lower 1irit of the pH range for 

this method at pH 3.5, while the stability of the zinc- 

ferrocyanide precipitate seems to linilt the uPper range at 

pH 5.0. Within these limits the dithizone, normally a 

bright emerald green, xapid]3 turns pink due to formation 

of the metallic complexes shown above if a slight quantity 

of zinc ion is free in the media surrounding the indicator 

droplet. Thi8 indicator and its metallic derivatives are 

very soluble in chlorinated solvents such as carbon tetra- 

chloride, but are practically insoluble in water. It is 



5 

this property which allow8 the localization of the color 

and iiitena1fioa the contrast whei the ovid point is reached. 

The above property along with the chemical property of 

bethg easily oxidized are the properties which make the 

preparation and 8torage of a standardized solutioi of di-' 

thizorie difficult. The vo1ati1it- of the solvent causes 

rapid variations of the concentratioìi of the standard solu-' 

tion while the effect of oxIdation (5, p. 67) causes a 

continual decrease in concentration of standard solutions. 

In the case of spectrophotometric determinations these 

oxidation products also Interfere (7, p. 4) as their ab- 

sorption bands do not coincide with the absorption bands of 

either the dithiz one or its metallic complexes. The vari- 
ations caused by these properties do not in any way a!fect 

the value of the dithizorie as an indicator. 

Since the dithizone Indicator 18 capable of reacting 

with zinc in this slightly acid solution and the standard 

precipitant, potassium ferrocyanide, is specific for zinc 

under these conditions, the use of these reagente is well 

suited for the Intended purpose. The buJk of the experl- 

mental work, therefore, consisted of determining the best 

method for preparing solutions of the sample to conform to 

these requirements, and the determination of permissible 

variations In the order of addition of reagents and Indi- 

cator to furnish the most accurate and consistent results. 



Solutl.ona and Aparatue 

Dithlzone Indicator Solution. This solution was pre- 

pared by dissolving 0.007 gram of puro dithizone crystals 

in 100 nil, of carbon tetrachioride, The concentration of 

this solution should be adjusted so that one drop of the 

zinc solution to be ahalysed in 50 ml. of buffer solution 

(pH 4) will cause thà indicator to turn pink in less than 

30 seconds. 

Potassium Acid Pbthalate Solution. A ton per cent 

solution was prepared by dissolving 100 grams of pure po- 

tassiw acid phthalato in one liter of dIstilled water. 

Potassium Ferrocanide Solution. The standard sod' 

lutiob was prepared by dissolving 1.7 grais of the tri- 
hidrato in one liter of water. This solution should be 

extracted with dithizone solution to remove any possible 

interfering metallic ions. The extraction should be re- 

peated until the dithizone retains its original color after 

it has been in intite contact with the reagent solution 

for at least ten minutes. After the dithizone extraction 

the solution was standardized against a aphalerite ore the 

zinc content of which had been previously determined gravi- 

metrically by weighing zinc ammonium phosphate and titri- 
metrically by the ferrocyanideu'ceriometric method (4,p.52). 
The standardization. was performed according to the pro- 
cedure for titration recommended in this work. 



Meter. The instrument used to determine the pH 

values of the varicuE solutions was a Beciar model H2 

pH meter. 
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Experinenta1 Procedures 

This research was based on Íacts from literature cori- 

cernirig both the Indicator, d1thizoe, arid the staridard 

precipltarit. It has been shown by prev.oua investigators 

that dithizone is capable of extracting zinc tena frou 

aqueous solutions between pH 3 and pH 6 (5, p. 69) arid 

that forrocyanide proòipitates zinc quantitatively in 

s1iht1y acid solutions (3, p. 269). In view of these 

facts a series of testa was carried out to determine 

whether the zinc f errocyanide precipitate was insoluble 

enough in the imposed pR range to lower the ziric ion con- 

ceritration below the mftiiniuin concentration detectable by 

the sensitive reagent dithizorie. 

Aliquots of a solution containing ziric loris were pro- 

pared and to each was added an lricremerit of ferrocyanide 

solution. Sirios the relationship is empirical the more- 

merit was varied to provide solutioris with ari excess of 

forrocyanide arid with an excess of zinc ions, while between 

the extremes the excesses decreased at reglar iritervals. 
Crie drop of dithizone solution was added to each arid the 

time required for the color change of the droplet was 

rioted. The time required for the color change varied only 

slightly and if no chango was apparent in one minuto, no 

change occurred thereafter. Birice all the solutioris 



which charied color were below a certain nilnimum amount of 

ferrocyanide it was apparent that the forrocyanide could 

reduce the zinc ion concentration to a point where the di 

thizone could not detect it apd, therefore, would be 

suitable as a precipitant. 
Invoatiation was conducted to determine approxi 

niately the effect of pH. Â series of solutions, identical 

to the two solutions from the first series whieh indicated 

the least excess of zinc and ferrocyanide, respectively, 

was wepared and buffered to pH values of 3.0, 3.5, 4.0, 

4.5, and 5.0. All pE values were measured with a Beckman 

model 112 pH meter. To each of these solutions one drop of 

dithizone indicator was added and the time reqúired for the 

color change was noted. In all cases where an excess of 

zinc was present the color of the indicator changed to 

pink, but the solution buffered to pH 3.0 took excessive 

time to chanße. In the case of the solutions containing 

excess ferrocyanide a color change of the indicator was 

noted only in the solution buffered to p1 5.0. This indi- 
cated that precipitation was not complete at this pH value. 

From these tests it was decided that the titrations should 

be performed at a pH value near 4.0 since pH 3.0 caused 

slow action of the indicator and pH 5.0 did not give com- 

plete precipitation. 
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The reproductbiltty of the end point was established 

by performing a series of titrations. An attempt was made 

to titrate the staMard zinc solutioi with the standard 

ferrocyanide solution using the results of the first in 

vestigations 5s a guide. The first titration showed that 

the forrocyanide, eveni in excess, was not capable of dia- 

charging the pink eolox' of the indicator in a reasonable 

length of time. When the titration was carried out in 

reverse ox'der a poiflt was reache4 where the indicator re- 

taied its norl creen color, but on addition of a singlo 

drop of the zinc solution the indicator would rapidly turn 

pink, thereby indicating an excess of zinc ions. This 

effect could be repeated with these quantities of Inc and. 

ferrocyanide solutions or equivalent fractions thereof. 

The ferrocyanide solution was then standardized and 

from this standardization the zinc content of a second ore 

was determined. Two zinc solutions were prepared from ores 

or kflown zinc content. One was used to standardize the 

ferrocyanide olutiofl and the other was used to check the 

standardization. Eaóh of these solutiofla was buffered with 

potassium acid phthalate to pH value 4.0. This was done to 

avoid any possibility of error from this source. The ferre. 

cyanide solution wae titrated and the equivalence of this 

solution in grams oÍ zinc per milliliter was calculated by 

the foanula given in the experimental results. The second 
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solution was then titrated by the recommended procedure 

ad the per cent content of zinc was calculated. A 

tabulated suirunary oÍ the results for the four oras 

assayed is presented in the section dealing with expez'i-. 

mental results. 
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Experimental Results and Sample Calculations 

Table I 

Comparative Results for Methods 
of Detennining Zinc 

Sampleno.1-pH4.0 Samp1erio.2.pk4. 
Phosphate method Phosphate method 
16.60 per cent zinc 18.29 per cent zinc 

Dithiz one method - Dithizone method 

Zinc Deviation Zinc Deviation 
cent cent cent cent 

16.64 4 0.04 18.25 - 0.04 
16.60 0.00 18.29 0.00 
16.62 f 0.02 18.27 - 0.02 
16.57 - 0.03 18.31 + 0.02 
16.61 4 o.OIJ - Averages 18.28 0.01 

Sample no. 3 pH 4.0 Sample no. 4 - pH 4.0 

Phosphate nie thod Phosphate 
19.61 per cent zinc 15.41 per cent zinc 

Dithizone method - Dithizono method 

Zinc Deviation Zinc Deviation 
cent cent cent cent 

19.82 4 0.01 15.45 4 0.04 
19.80 - 0.01 15.45 f 0.04 
19.78 - 0.03 15.43 4 0.02 
19.79 - 0.02 
19.8D - 0.01 - Averages - 

______ 
15.44 

_______ 
f 0.03 

Sample no. 4 - pH 3.5 

Phosphate me thod - 
15.41 per cent zinc 

Dithiz one method - 

Zinc Deviation 
p cent cent 
1532 
15.32 - 0.09 
15.30 -0.11 
15.31 - 0.10 - Average 



Experimental Results. The results for the deterzni 

nation of zinc in four aphalerite ores by the proposed 

method of usine dithizono as the indicator are shown in 

Table I. The values obtained by the phosphate gravime trie 

method (3, p. 524) are also included for comparison. 

The f errooyanide was standardized at pR 4.0 against 

a sample of known zinc content. Al]. samples were titrated 

at this me pH value with the exception of sample number 

4 which was also titrated. at pH 3.5 to show any error 

caused by variations in the pH valuo. 

Sample Calculations. Al]. calculations of zinc con- 

tent were made from the f ollwing basic formula: 

1or cent Zn (Vo].made up»g..8td,Fe(CN)4)q,of std.)(100) 

(Aliquot) (Sample wt.) 

: (500 ml.X20.00 ml.)(0.0003042 gin.)L0O) 15.45 
(1.00ôo m.)cL8.89irl.) (ml.) 

The equivalence cf the standard was calculated by 

rearranging this formula and substituting the known and 

experimental values: 

Eq. of std. = (% Zn In ore)(Aliquot)(Samle wt, 
(Vol. made up)(M1. et std.)(lOO 

a tl4.34)(31.45 ml.)jp.5o58 ,) 
(500 ml.)(l$.2Ö ml.)(lO0) 

: 0.0003042 gin. of Zn per ml. of ferrocyanide. 
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Determiw.tion of Zinc 

Preparation of Samples. A O.5.'gram sample of ore was 

warmed in a covered 400-ml. pyrex glass beaker with a mix- 

turo of 10 ml. each of concentrated nitric and hydrochloric 

acids. hen the action had ceased the mixturo was evapo- 

rated to sirupy consistency for the removal of excess acids. 

Precipitation Filtration. The above mixture was 

diluted to 100 ini. ad nearly neutralized with 6 M. sodium 

hydroxide solution and an excess of G M. ammonium hydvoxide 

was added to precipitate any iron. The solution was heated 

almost to boilifl, and the supornatarit liquid filtered di- 
rectly into a 500-ini. volumetric flask. The residue in 

the beaker was washed three times with hot water and the 

washings were added to the solution in the flask. It was 

found desirable to reprecipitato the ferric hydroxide, 

adding all of the solution thus obtained to the volumetric 

flask. The solution in the flask, after dilution to ap- 

proximately 300 ml., was neutralized with 6 M. hydrochloric 
acid until the precipitate of zinc hydroxide just dissolved 

and was buffered to a pH value of about 4 by adding 30 ml. 

of a 10 per cent solution of potassium biphthalate. The 

solution was made up to volume at 200 0. with distilled 
water after which it was allowed to stand until it had 

reached room temperature. 
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Titration. A 20-ini. aliquot of the potassium ferro- 

cyanide was allowed to run Into a 250-ml. Erlenmeyer flask 

and one drop of dithizone indictor solution was intro- 

duced. The zinc solution was added slowly with constant 

aGItation to the ferrocyanido solution until the drop of 

dithizone turned pink. This run was used only to estimate 

the amount of zinc solution necessary to react with the 

aliquot of the ferrocyanide solution. 

Ori the following runs the addition of the dithizotie 

was deferred until shortly before the end point was due 

as Iridicated by the first run. After the addition of the 

indicator, titration was performed drop-wise with a 

15-secorid delay after each drop to allow for development 

of color in the Indicator. The practice of withholding 

the Indicator until near the end point was adopted to 

allow more rapid addition of the zinc solution without 

building up a temporary excess of zinc ions and possibly 

obtaining a false end poirit. This means of shortening 

the length of time required for a titratiori was found to 

be advantageous because the titration could be carried out 

at a speed which allowed the ziric forrocyanide compound to 

remain in a semicolloidal state and riot obscure the color 

of the drop by its turbidity. Should the solution become 

turbid before the orid point, the indicator can be viewed 
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through the bottom of the flask arid the turbidity furiil shes 

an excellenìt background for riot1g the color. 

The vessels ror each ruh were set to one side while 

the next rur was made because false erd points obtained by 

too rapid addition ot the zinc 8o1utior fail to develop 

the full pink color,or the color may ever return to the 

original green. Back. titration can be accomplished, if 

the end potht is passed, by removing the indicator drop 

with a capillary oyedroper and adding more ferrocyanide 

solution. A new drop of indicator is then introduced auid 

the titration porforinód in the normal way. The error thu8 

introduced is very small if care is taken to remove only 

the indicator drop. The indicator is much more sensitive 

if the one drop present is broken into many small droplets 

by vigorous shaking of the flask. 

Description of the End PoTht. If the single drop of 

indicator present in the reaction flask is broken into 

nany droplets the sharpness of the ed point is enhanced. 

False end points caused by too rapid an addition of the 

zinc solution may be avoided as only a few of the droplets 

will be affected. The indicator solution itself is a clear 

emerald green and turns to a bright pink in the presence 

of zinc ions. This color reaction le not instantaneous, 

but proceods rapidly through off shades of groen and purple 

to the final pink color. The time required for this change 
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Is a function ot the concentration of the uknowri zinc 

solution. For thi& reason it i advisable to test the 

indicator solution by adding one drop of the zinc so 

lution to 50 ml. of a buffer solution, pH value 4, arid 

placing one &rop of the indicator in the flask and noting 

the timo required to turn from green to pink. If the time 

required is more than 30 seconds, it i advisable to use 

s. more dilute solution et the indicator or to prepare a 

moro concentrated solutiofl ot the unknown sample. 

Interfering Ions. The dithizono metals are potential 
interferences. Since the proposed method differs from 

current methda only in the means of actual determination 

of the ion, it is suggested that any method for separation 

of the zinc ion for a t articular ore should be retained. 
The method of titration recommended is applicable to an 

solution containing only the zinc ions, ions of the alkali 
metals, or ammonium ions. 

.nion interferences are avoided by the treatment given 

the ore to bring it to solution and it is unnecessary to 

introduce those ions in any form after the dissolution of 

the ore. Any strong oxidizing agents should be removed or 

reduced in the most feasible manner because dithizono is 

easily oxidized to an inactive compound which gives a 

yellow coloration in carbon tetrachioride. 



DISCU88tOfl 

The method developed for deterrn1tin zinc is capable 

of' gtving reiults which compare favorably wSth those given 

by the phosphate-gravirnetric (3, p. 524) and the terro 

cyaride-ceriornetric (4, p. 53) methods. It involves no 

extra filtrations, outside indicators, or other standard 

solutions. It is, therefore, more convenient and iss 
expensive than these methods. In addition, the color 

change of the indicator in a droplet of carbon tetra 
chloride enhances thó color contrast at the end point and 

allows for back titration if necessary. 

There are possibilities of error, it they can be 

avoided by careful work necessary in analytical proced 

urea. The pli factor must be controlled and care must be 

taken to attain the same pH valuo, in solutions to be 

analyzed, as was attained in the standardisation of the 

reagent. This is accomplished by follcwing a set pro- 

cedure in the neutralization of the solution and disso- 

lution of the zinc hydroxide formed at this time. If the 

pH value of the solutions is properly controlled the re- 
sults aro consistent and accurate. 

The average precision of the method proposed is about 

4 0.02 per cent arid the average percentage error is about 

Î 0.089 per corit. 
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Summary 

A ferrocyanide method for the titrimetric dotermi 

rat1on of zinc has been developed wherein the end point 
is indicated by dithtzone th carbon tetrachloride. The 

method depends on the formation or insoluble zinc ferro'm 

cyanide upon the addition of a zinc oiutiori to etandard 

ferrocyanide solution. When the fir$t excess of zinc 

lone is reached the dithizone chancee from its normal 

emerald green color to a bright pink; thus giving a 

distinct indication of the end point. The results ob- 

tamed using this indicator aro as good or superior to 

those obtained by the usual methods and the time con- 

sumed for each dotennination is greatly decreased. 

It has been shown that dithizone is a suitable indi- 
cator for the titrimetric determination of metals in ores 

if certain limitations are met. he important requirement 

is to convert the metallic ion to a form, by precipitating 

the ioni or possibly by foiiing a stable complex ion 

(5, p. 69) which does not react with dithizone in the 
proper pH rango. 

It j thought by the author that similar procedures 

can be worked out for many of the dithizone metals, al- 
though the present research was confined to zinc alone. 
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