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ABSTRACT

An alkalimetric method for the estimation of Zinc has been- described in this paper. It
makes use of hexamine to retard the hydrolysis of zine hydroxide to zincate. The method
has been compared with the acidimetric and alkalimetric methods given by other authors.

INTRODUCTION =

Various methods have been described in the literature for the estimation of zinc.
The volumetric methods are based on (a) EDTA and EDTA disodium salt 1 (b) acidimetry
and alkalimetry 20—24 (¢) Mercurimetry 25 (d) Ferrocyanide 26 and (e) Iodimetry *". Among
the gravimetric methods 28—33 mention may be made of phosphate, mercurithiocyanate,
bismuthiocyanate, 8-hydroxy quinoline tetra thionine chloride etc. Small quantities of
zine have been determined Polarographically,®—37 Colorimetrically, Potentiometrically,®
Photometrically,®® and Amperometrically,. N.ne of these methods is, however,
" apvlicable for the direct estimation of zir~ in ari'ic zine ammonia flux. ~

The method described in this paper has bee. developed with-the ultimate object of
estimating zinc in zinc flux. It is based on the use of hexamine, to retard the hydrolysis
of zinc hydroxide (formed at the end point) to zincate, a difficulty experienced in the direct
aiwalimetric titrations. The method is also compared with, the acidimetric and.. alkali-
metric methods given by others. T :

SOLUTIONS AND REAGENTS

e

1, Indricators:—

Thymol violet, BDH 9-13, BDH 10-14, phenolphthalein (8-3—10-0), thymolphtha-
lein (9-3—10-5), orthocresolphthalein (8:2—9-8), thymol blue (8-0—9-6), phenol red
(6-8—8-4), methyl red (4-2—6-3) and bromothymol blue (6-0—7-6).

2. Reagents:—
(@) Acid hydrochloric 0:5 N, 0-1 N.
(b) Sodium hydroxide 0-020 N, 0-5 N. ’
(c) Potassium fluoride 25%, w/v (Neutral, freshly prepared).
(d) Hexamine—B.P. (German).

(e} Sodium gluconate—lo% solution.

3. Standard zinc solution:—

Approximately 50 gms of zinc oxide (AR) were heated in a silica basin at 600°—700°C
for about 3 hours and cooled in a desiccator.
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Solution No. 1 k o .

22:01 gm of the dried zinc oxide were accurately weighed and transferred to a beaker.
To this hydrochleric acid A.R. (1: 3) was added slowly with continuous stirring till a
clear solution was obtained. The beaker was throughout kept in ice cold water. The
volume of the solution was finally made up to 1000 ml. e

Solution - No, 2

This solution was'prepared in a similar manner as solutionANfo. 1, except that only 3-5
gm of the dried zinc oxide accurately weighed were taken for the prepatation of the solu-
tion. -

_ | EXPERIMENTAL
i ijfocedur’q I—Hezamine Method.—It cbnsiat;:s":i)f “two steps—
Step . I—Titration of Free Acidity| Alkalinity | - o
" 1omlef the zine solution (1) was takén:_iﬁ,a 250 ml wax lined conical flask or transparent
plastic beaker. To this 20—25 ml water, 25 ml of potassium fluoride solution and 4—6
drops of the phenolphthalein were added. The solution was stirred and titrated slowly

with Alkali or acid. The titer (called A) was. noted.

. Step II—T'itration of Free Acidity or Alkalinity: plus acidity. released from #ine salt
10 mlof zinc solition (1) was taken in a 250 ml conical flask. To this 33-5 gms of
the hexamine "(rolid) and 0-2 to 0-4 ml of BDH 10-14 indicator were added and stirred
till hexamine dissolved. The solution was titrated to a dirty green colour when a further

quantity of about 0-25 ml of the indicator was added. The titration was continued to
just pink end point. " The titer (called B) was noted. |
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Caleulations:
Zinc (as ZnCly), 9, = (B£A)XNx 100 x 0.06815
v ; w
Where— '

(—A) is volume in ml of sodium hydroxide and (++A) volume is mlof hydrochloric
acid, required for titration. of the free acidity -or free alkalinity in step I. =~ =
- B=Vol. n"mt of sodium hydroxide required for titration of zinc solution in step II,
N=Normality ‘of sodium " hydroxide, -~ - . V
W=Weight of the zinc salt in 10 ml of the zinc solution (1), )
N orE—Normglity of sodium hydroxide and hydrochloric acid used was the same.
Procedure IT—Sodivwm Zincate Method (For compdiison with Procedure I)

This method is based in converting zinc to zincate with a known excess of standard
alkali. The excess alkali (i.e., to that required to form zincate) is then titrated with a
standard -acid. * Knowing the free acidity/ alkalinity of the original zinc salt, (as obtained
in"Procedire 1, step I) and’ the-fifer of the “excess alkali obtained, the quantity of alkali.

used-ap ‘by zine to form: zincate ig calculated. =
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Procedure IH—Sodmm Gluconate Method (For compamson with Procedure I)'

“The method was the same as procedure I, exoept that i in ste_p II 30 ml of the sodium
gluconate solution was added in place of ‘hexamine.. T S

Procedure IV—Direct Alkalimetric Titration (For comparison with Procedure I)

Free acid.ity/alkalinity was determined as in procedure I, step I. Zinc was
deter. ined in a fresh aliquot of zinc solution by direct tltra,tlon . with alkali using
various mdloators as mentloned in Table 2. ..

RESULTS

The accuracy of the procedure (I) was checked by using standard zinc salt solution.
The results are given in Table 1. Experiments have also revealed that there are certain
critical concentrations of hexamine which are required for different concentrations of
the zinc salt to get accurate résults (refer Table 1). Further, out of the various indicators
listed under “‘solutions and reagents,” only thymol violet, BDH universal and BDH 10-14
have been found to give accurate results with the hexamine method. Even these three
indicators have, however, yielded accurate resuits only under certain limited condltlons,
which are:— T :

| I; TkyMol violet and BDH universal indicators

(@). Both the indicators give sharp blue end pointsin the zinc chlotide concentration
range between 0-0037 gm and 01475 gm (when present .in suitable dilutions). - Below
the lower concentration limit the indicator. colour change is not sharp, while abqve the
higher limit, it fades away. O -

) Approx 0-5 to 0-75 ml of the indicator is required for each tltratlon Sharp
end point is obtained if half of the indicator is added at the start of the tltratlon end the
balance near the end point.

II. BDH 10-14 Indicator ' N

(¢) This indicator gives sharp end point between 0-1088 gm to 0-3656 gm conden-
tration of zinc chloride (when present in suitable dllutlons) ,

Above the higher concent«ratlon limit, the end point is unstable while below the lower
limit it is not shafp. A sharp end point in higher concentrations can, however, be obtained
by suitably diluting the titrant and titrating the solution slowly to a permanent end pOmt

The results on the potentiometric titrations carried out as per procedure I, are plotted
in figure I. Results obtained with procedures IIT and IV are given in Table 2. A scrutiny
of this data shows that these methods do not: yield accurate results. This is because the
end pomts in these methods are not sharp.

Efforts were dlso made to substitute sodmm gluoonate as a complexmg agent -in
place of hexamine, as the former has been found by the author. % toretard hydrolysls of
aluminium salts. Results in 'Table 2 however show that sodium gluconate. is atlgast
not effective in retarding the hydrolysis of zinc salts.
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DISCUSSION

Role of Hexamane : The pH of an aqlieous solution of hexamine is between 8-9, showing
that it is weakly basic. When added to a neutral zinc chloride solution, it partly preci-
pitates out zinc hydroxide, according to the following equilibrium reaction :—

ZnCl, +2H, 0-+-2(CH,); Ny=Zn(OH), +2(CH,), N,HCI (1)

No such precipitate is however formed when hexamine is added to an acidic zinc salt
solution. This behaviour of hexamine is explained by the fact that hexamine (being basic)
requires some free acid to form hexamine hydrochloride. In the case of neutral zinc salt,
it extracts the acid from the salt itself, which is partly hydrolysed, while in acidic salt
gince the free acid is readily available to form hexamme hydrochloride, there ls no
hydrolysis ‘of the zinc salt itself. '

N
Potentiometric titration (Fig. I refers) show (1) negligible initial change and [(2) a
rapid final change in the pH of the solution, accompanied by precipitation of zine
hydroxide near the end point. This behaviour is typical of a buffer solution. It is at the end
point that hexamine has proved to be effective, inasmuch as it combines with zine
hydroxide in such a way so as to prevent its further. hydrolysis to. zincate. But for
heéxamine the.end point is not sharp. -
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Gomplexemetric Titration of Zino 89

The acid (i.e., produced as a result of hiydrolysis of the zinc salt) in combination with
hexamine, is & measure of the zinc coneentration of the solution. It can be titrated with
alkali according to the following reaction:—

(CH,), N,JHCl + N, OH = N, Cl 4+ (CH,)s N, + H,0

For a given concentration of the zinc salt in the solution there is a minimum. concen-
tration of hexamine (refer Table 1) which must be added for accurate results. The
quantity of hexamine required is however, not in stiochometric ratio to zinc salt. Excess
hexamine does not affect the accuracy of the method, on the other hand it gives
sharper end point. : :

Indicator—As stated above the choice of the indicators in the method developed
is very much limited. The fact that different indicators are required (Table 1 refers)
for the titration of low and high concentration of zinc salts, show that probably the zinc
and or hexamine ions modify the character of the indicators. Titration must, therefore, be
carried out strictly under the conditions described in this paper toavoid errors.

Effect of zinc concentration on detection of the end point

In high concentration of the zinc salt, the end point is not stable. This is attributed
to the occlusion (and or sorption) of a part of the zinc salt in zine hydroxide precipitate
formed in situ towards the end point. On keeping, the precipitate slowly orient itself
thereby releasing the occluded zinc salt, which in turn hydrolyses simultaneously liberating
acid. The error due to this can be avoided by either (1) appropriately diluting the solu-
tion prior to titration or (2) carrying out the titration slowly to a permanent end point.
It is, however, best not to attempt to titrate comcentrated zimc solutions.

In the determination of free acidity, a similar difficulty as in the case of titration of
concentrated zinc salts has been experienced, more so when the titration is carried out
quickly. It is probably due to the fact that during neutralisation of free acidity, a part
of the alkali is also simultaneously sorbed on the zinc fluoride.” At the end point, therefore,
the titrant consumed will be more than that required for neutralising free acidity. This
sorbed alkali hawever, desorbs when the solution is allowed to stand after neutralisation.
Tt is, therefore, suggested that the titration be carried, out slowly so that there is negligible
sorption of the titrant, alternately the solution after titrating in the normal manner, be
allowed to stand till the desorption of alkaliis complete. The released alkali be then titra-
ted back with an acid and this titer substracted from the total titer.

After completion of this work, author has tried several other indicators for the direct
titration of free alkalinity/acidity of zinc salts without the addition of potassium fluoride.
This work is being written up for publication.
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80 o AmmVCmp .

REFERENCES e

1, Javousek, J. and StupLA®, K. Coll. Czech, Chem. Commun. 24(11), 3799 (1959)
2. HuNTER, J. A. and MiLLER, C.C., Analyst 81, 79 (1956).
3. Lernin, J. P., Metal Finish, 52, 74 (1954).
4. MaxE, Ci and OvreErBEIN H., Melalloberflache B117, No. 8 (1954).
5. STRAFFORD, N., Amalyst 78, 738 (1953). ’
6. SErGEANT, J. C., Metdgllurgia, 50, 252 (1954).
7. FAuvur, F. E., 2. Anal, Chom., 139, 14 (1953).
8. MayxE, J. E. V and NoorpHoF, G. H., 4dnalyst, 18, 625 (1953).
9. Foascuga, H., Z, Anal Chem. 138, 832 (1953).
10. Frascuka, H., Ohemist Amz,lyst 4-2 84 (1953).
11. BrowN, E. G. anp Haves, T. J., dnal Chem. Acta, 9, 408 (1953).
12. Frascuga, H. aNp Puscusr, R., Z. Anal Chem 149, 185 (1956).
13. Swaux, M. H. aNDp Apams, M. L., Anal Chem., 27, 2005 (1955).
14. Wenser, P., Z. Anal Chem., 158, 253 (1956). - _ :
15. Asp. EL Rammm, A. A, AND AMIN ABDEL Aziz—Anal Chem. Acta, 19, 327 (1958).
16, ErbpEY, L. AND Pouis, L., Anal Chem. Acta, 17, 458 (1957).
17. Awmsr, R. C., Electroplating Metal Finishng, 12, 56 (1959). :
18. Asp Er. Rammi, A, A, AND AMIN ABDEL Az1z,-Z., Anal Chem, 163, 340 (1958).
19. BARER, R. A., Metul Ind., 92, 491, (1958).
20. Taxao Howniso NrproN Kinzoxv, Gakkai Shi, 16, 231 (1952).
21. MamMADEV, M. TILLU, J. Indian Chem. Soc. (Ind. and News Ed), 15, 20 (1952). ’ C
22. SiMoN LaracH, Anal Chem., 28, 1600 (1954).
23. DEUK, G. AND-ALT. J., Z., Anal Chem., 142, 357 (1954).
24, PAVIJNQVA, A. V. axp BERNSHTEIN B. 1, - Nauk Zap. Chernived ‘K’ Univ., 11, 107 (1958).
25. SIERRA, . AND HER-NANDEZ CANAVATE, J., An Soc. Esp. Fis., Quim P, 49, 773 (1958).
26. BONNAR, J. AND Naay, L., Magyar Kem Foly, 62, 217 (1956).
27. HATDER, 8. A., AND KHUNDERER, M. H., Anal Chem. Acta. 12, 1 (1956).
28. Jomun, E. VANCE anD Ricuarp, E. Boxve., Anal Chem., 25, 610, (1953). .
29. Smmam, F. AnD HERNANDEZ CANAVATE, J., An Soc. Esp. Fis Quim B, 49, 687 (1953).
30. BogusLawskl, L. aND Cyarisky, A., Roczn Chem., 28, 667 (1954).
81. Hatoeg, 8. A., Kuunpkar, M. H., Analyst, 19, 783 (1954).

32. Pratozov, B. A. aNp-MIKHAILOVARAYA, E. P., Uch Zap Leningr Gos; Unta 169, 1953, Serkhim N. (13)
189-202 Referativnyi Zh. Khom-1954, Abstr. No. 82, (895).

33. SmriLuy, P. S. » Trudy Dagestan Sevet Inst., T, 119 (1955).

34. Gogg, D, G., Adal Chem., 28, 1773 (1956).

36. TstMMERGALD, V. A,, AND KrASNOVA, Z. A., Ukmm Khim Zhur, 24, 786 (1938).

36. SuiRo, WATANARE, Kamaishi GLho, 6, 60 (1956).

37. Gierst, L. AND DuBRv, L., Bull. Soc. Chem. Belg, 63, 379 (1954).

38. Romawov, D. V., Zarodakays Lab.—21, 782 (1955).

39. Bzssow, J., GRANGE, P., MULLER W. AND GREIBAR D. Ann. Univ.. Saraviensis 4, 58 (1955).
40. KrUPKIN, A. I. AND ZurcHgova, L. A., Zhur Anul: Khim, 13, 370 (1958).

41. UsarENko, YU. I AND VrrkiNa, M. A., Nauch Doklady Vysbei Shkoly Khim.—J. Khim, Teknol. No. 35,
(1958).

42. Awir CHAXD et. al (Unpublished work)



f Zinc

tion o

o “Titrat

£

i

Complexemets:

61

%

«

waws Ses [ ON. uonngps Jo bozacommou o .

E omvaa et 2.&?, 1 ,vnw 01 "*oN. gdooxo wﬁo.ﬁﬂﬁa i 20§ :wxxn._miw (L 0 Z 555~0w wﬁﬁi@ hﬁdﬁ:m £q wouﬂmo.ﬂv aonn[os ourz .«o _ﬂ oﬁ..laso N

3 L4

. \ - -, a&om @5 .-r,....-.... -
. ' 1 T oo yaouvuiLiod
- . . - L . * ywod. -8-66 - . I N
By ‘pusot puo op : ° . pUe pesmgip.  'Z-96 9% . ° 030 CoeLO 1T
.E@aguum % 03 palires uon o e, - RN .
-exn oYY, “pesngIp urod pugy 'op - - EE PR Tt 0-00T g8 03-0° 63980 01
s ‘op g ‘op Lot 0001 . $8 0%-0 98960 .6
. .ﬁ:& : D N . . R ;
*op puo aﬁiﬁ& 108 0y a?@mwa .M 0se €-101 - 951 03-0 - e381-0 -8
“Juf : : . B
Lol puo aﬂmﬁﬁﬂu&soe woreIy . . . . - +
o juosordor popIooer  sjnsel : . . e s ]
. . Y, “Teq[® JO [W GT-0 03 T-0 - o : _ . : e
; . JO UOINPP® 19Y3INJ U0 JUSU ‘ . 5 e S
- ... -ewxad sowooeq puw Fudooy ‘ A B Ce . e e e
= cop uo AKeme sopef as& vaﬁ 8:L6 8-86 0-001 95 1 03:0 SL¥1-0 L
"0p : — op.-. - 89001 .59 86 I-101 . @51 | - 08-0 - 06310 9
rdreys qurod pug op . S, 0001 8:66 - ., 6:86 951 : 08-0 880 -0 g
‘op .'op . G-86 6-L6 T8 NE 93T . .'08-0 - 93600 4
-Kypiia ' - . . -
g QWO [JM  O[R}0}IP . o
TBs: 9nq sesoxdurt qurod  pugyy ‘op g-66 2-001 g-101 98-1 03-0 $2960-0 8
*urod pua ki : T
o} 9% yuid 04 jou 9nq used : :
eiMofoL  09- ysIuserd woaj : g
sofueyo A[mo[s ino[oo oyj, .
*A}{nOIP YIIM Pojoa)ep og ued T
ynq dregs Liea jou qurod puy direys urod puy: 9-86 3-101 99-901 z-1 .03-0 98920-0 g
" yud o3 jou nq uesid ’ :
YSIMO[PA 09 Ysruoaid woxy e
fofueyo L[mofs Ino[oo oyf,
*£yMOTYIP oWOS YILM Pojossep E .
6q ueo gnq dreys jou jurod puyy direys jurod puyg 0-101 $9-86 8-63T ¢3-1 03-0 £9810-0 I
6 8 L 9 g v g g I
F1—01 HA4 esIoATu() [estoAru() W®POIA  FT—0T HAD (wd) uoyey
HAdg/101 owdyg, Hag [omdyy, (wS) N, opuogo
b ~ 7L v g poppe By jo ourz ‘ON
Syrewoy 810% OUIEXOH LjewaoN o Junounry I8

-80IpuUT Suisn oplorgo ourz jo £10A0001 Y

TLOAIOOEI WHd §V) AATIOTH)) ONIZ J0 XUTAOOTH Y, WHI DNIMOHS FINSHE
I
[ "14vy,



E
: ;m

' ~dxeys qou seA
gutod pus o) puw opIx
-qapLy puiz Jo uonyepd
~weid JO qof seA oI,

" {goN
,qoﬁsc@._ssvﬁ

0-1€T  0-36 886 €
“posTEIP '
pue sops sem juod -9[qe
pue  om 9w oBuego . -oesn U L -08 ‘ (I "oX .
oo 10je91pul Q-§8 dusod puy I oot 6-%L 06-g-9% UoMNog) TWOI  III 3.
daeys gou  deys qou o , (1 oN :
- : : yuiod puf gurod pug 0-961  9-GIT° O-€IT" - Z-901 026 uonnfog) fmoT  II 1
- 'V .
131 (4 1t ot ., 6 8 L 9 Cog ¥ £ 4 1
. . Teurep . uon .
*auezURq -ou[g ~eqygd  -ue "o - -eny
saewoy oW P01 powdyy  pey - poy omyg - -josaw . -eyd  -pefpyyd . (20§ - g
' deN  HAG -owolg - [AYPN  [oueyy [owAyy, -ogQ {owdyy  -jousyg (W) ueyej uoy poydopw’  oN- -
’ R : ) 0|08 OPLIO[YO omp

3

Y34 opLIOf oz Jo K104000y % o

4 ouwz Jo owmjoy -booig’
J . -

‘s

P ..

AI GNV IIT ‘IT ¥80GE009d HLIY ST10STY

g H14v],



