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CHAPTER I

XHTRODCCX10 K

The necessity o f  a precise methoci fo r  the d eter­

mination o f zinc is  evident a fte r  reading the report o f 

the Sub-Committee on ¿Inc Ore Analyses(3 ),  which shows 

the wide discrepancies encountered in the determination 

of zinc hy methods in ordinary use* Their report showed 

results from forty-tw o chemists ranging from 12,20  per 

cent to 39.22 per cent on a ©ample o f zinc ore containing 

18.16 per cent o f z inc.

The d i f f ic u l t ie s  to be met by various methods 

used to determine zinc are twofold; the quantitative pre­

c ip ita tion  o f zinc su lfid e  in  a form suitab le fo r  rapid 

f i l t r a t io n  and washing, and the subsequent conversion o f

th is p rec ip ita te  to a d e fin ite  compound(5). There has
*

been considerable work done on these two main d i f f i c u l ­

t ie s  .

Zinc may be p rec ip ita ted  as the su lfid e  from a 

solution in which the pH is  maintained between 2 and 3. 

Zinc su lfid e  is not p rec ip ita ted  completely from more 

acid solutions and is  gelatinous and d i f f i c u l t  to  f i l t e r  

when precip itated  from leas acid so lu tions. The proper 

hydrogen ion concentration can be obtained by a formate- 

formic acid b u ffe r (5 ) ,  a su lfa te -su lfu r ic  acid b u ffe r ( 6 ),
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a ch loracetate-ch lorucetic  acid b u ffe r (7 ) ,  or a c it r a te -  

c i t r ic  acid b u ffe r (2 ) ,  The use o f any o f  these bufferà 

allows a maximum prec ip ita tion  o f zinc s u lf id e , and the 

f i r s t  d i f f ic u lt y  encountered has been reduced to the ex­

tent where i t  is now regarded as a minor d i f f ic u l t y .

Various methods are now being used fo r  determin­

ing zinc once i t  is obtained in the form o f zinc su lfid e . 

It  can be determined:

1 . by converting zinc su lfid e  to zinc su lfa te  or 
zinc oxide;

zna + h2304 ■ 5Qob » znso4 + HgS

ZnS + a irtO g) Z>*> + 30.,

2 . by converting zinc su lfid e  to zinc ammonium phos­
phate monohydrate, converting the monohydrate to 
the anhydrous form by drying at 105°C;

Zn++ + ant4*  + HP04— + HgO—*  £aSK4K>4*HgO +

MH4+ + H+

¿nliH4P04 -H^) ..ZnKH4P04 +HgO

3. by converting the zinc ammonium phosphate to zinc 
pyrophosphate;

22nHH4,0 4 l 000-g- > Z n ^ O ,  + HaO * 2HH3t
• 1

4. vo lu m etrica lly , by p rec ip ita tin g  the zinc su lfid e  
as zinc potassium ferrocyan ide.

Ho particu la r ly  good, d irect volumetric method 

is known fo r  determining zinc, ¿'he method now being used 

involved the p rec ip ita tion  o f the ferrocyanide,
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KoZn^ [Pe (CK )q]  g»

3ZnCls + 2K4Pe (CU )6 ---- > KgZn3 £pe (CN } J  2 J, + 6KC1

The end point can be determined by usin.u uranyl n itra te  

as an external ind ica tor! portions o f the ur&nyl n itra te  

are placed in the depress ions o f a spot p late and from 

time to time during the t it r a t io n  a drop of the solution 

is removed and added to the uranyl n it ra te . At the 

equivalence-point, the excess o f ferrocyanide gives a 

chocolate-colored p rec ip ita te  of uranyl ferrocyan ide,

(UO )gFe(CN)6, This procedure is slow, inconvenient, and 

introduces pos itive  and negative errors above those that 

■would be expected in a precise volumetric determination. 

The pos itive  error occurs at the end point, amounting to 

0,5-0,7 ml. T y le r (10) showed that the precision average 

per cent deviation  from mean, using uranyl n itra te  as ex­

terna l ind icator or diphenylbenzidine as in terna l ind ica­

to r , is  wholly unsatisfactory fo r  a precise determination 

of zinc.

I t  is the ob ject o f th is th esis  to propose an in ­

d irect volumetric method o f determining zinc which is
/

simpler and more accurate than the standard method used 

today, namely, the ferrocyanide method. The method pro­

posed in th is paper is somewhat s im ila r in p rincip le  to 

that used by T rykov(9 ), where the zinc ammonium phosphate
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la d issolved in excess 0 .1  I  n it r ic  acid and the excess 

acid ia t it r a te d  with 0 .1  H sodium hydroxide.



CHAPTER I I

X HBOREilCAL DI3CU 33IOK

Zinc raay be p rec ip ita ted  as a double sa lt  by add« 

ing to its  nearly neutral solu tion  an excess o f dianmo- 

nium hydrogen phosphate. The acid  formed during the pre- 

c ip ita tio n  reacts with excess of the p r e c ip ita t in g  agent 

to form ammonium dihydrogen phosphate, theme two phos­

phates, which are present as a b u ffe r , keep the solu tion

at the proper pH,

2n++ + 2.CI- +  2(NH4 )gHi<04 1- Hg0 -----» ¿nHH4» 4 ’H20 +

x SH4H2P04 +  3 EH4CI

Table 1 shows the e f fe c t  o f pH on the quantitative 

p rec ip ita tion  o f zinc ammonium phosphate, From th is  i t  

has been found that the p rec ip ita tion  o f zinc is accurate 

within ± 0,4 mg. o f zinc i f  the solu tion  has a pH between 

5.1 and 7.6 a fte r  the p rec ip ita tion . The optimum «it is 

6 . 6 , A two-hour heating period in a covered beaker auto­

m atically adjusts the a c id ity  to the proper r a n g e d ).

Too low a pH value prevents the existence o f a su ffic ie n t  

quantity o f te r t ia ry  phosphate ion, PO4""*** On the other 

hand, i t  is read ily  soluble in a solu tion  of too high & 

pll value , In such so lu tions, the ammonium ion is con­

verted p a r t ia lly  to ite conjugate base, NH3 , which forms 

a complex cation with zinc, Zn(MH3)4++ . After the
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EFFECT OF pH OK THE PRECIPITATION OF ZINC 
AMMONIUM PHOSPHATE { I  )

TABLE 1

Number zinc Had, 
0 »

Zinc
Found,

S*

D if ie r -
ence
mg.

R e la tive  Mean 
Error Parts 

per 1000
pH

I 0.0881 0.0798 «8.3 -80 4.2
2 0.0877 0.0874 -0.3 — 3 5.1
5 0.0880 0.0876 -0.4 - 4 3.4
4 0.0877 0.0876 -0.1 — 1 5.4
5 0.0882 0.0879 -0.3 «  3 6 .2
6 0.0888 0.0888 0 .0 0 6.4
7 0.0889 0.0890 + Q * 1 0 6.4
8 0.0887 0.0884 -0.3 -  3 6.4
9 0.0548 0.0548 O.Q 0 6 .6

10 0.0726 0.0726 0 .0 0 6 .6
11 0,0363 Q.03Ô3 0 .0 0 6.7
12 0.0717 0.0716 - 0.1 -  1 6.7
13 0.0817 0.0818 +0.1 + 1 6.9
14 0.0888 0.0891 +0,3 + 3 7.1
15 0.0885 0.0887 +0 ,2 + 2 7.4
16 0.0892 0.0896 +0.4 + 4 7.6
17 0.0883 0.0863 - 2 .0 -20 7.8
18 0.0887 0.0844 -4.3 -50 7.9
19 0,0884 0.0793 -9.1 -99 8.3

/
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container. On adding a strong solu tion  o f sodium hy­

droxide» i t  ms be lieved  that complete reaction  would 

take place and the lib era ted  ammonia would d iffu se  into 

the solution of hydrochloric acid . The results obtained 

were very low and inconsistent * This was due, in large 

part, to  incomplete reaction  brought about by the low­

ness o f the temperature.

The second method involved d is t i l la t io n  o f am­

monia. The p rec ip ita te  o f sine ammonium phosphate is 

placed in a fla sk  and a s u ff ic ie n t  amount o f water and 

a lk a li  are added, Upon heating th is  mixture, complete 

reaction occurs and the ammonia is d is t i l le d  and absorbed 

in a large quantity of boric  acid, which does not need to 

be measured accurately (11 ) .

ZnHH4PQ4 4 5NaOK----* Zn(0H}4~~ + P04 4 EH3 T 4 SSa* 4 H20

A borate ion is  lib era ted  fo r  each molecule o f 

ammonia absorbed.

HB3 + HB02 -----»  HH4*  4 BOg”

This solu tion  is then t it r a te d  w ith standard hydro­

ch loric ac id .

HH4+ + B02- 4 H+ 4 C l - ------»HH4+ 4 C l"  4 HBOg

and the w ig h t  o f n itrogen ca lcu lated . This gives the 

weight o f sine because there is an atom of sine to  every 

atom o f n itrogen and by m ultip lying the weight o f n itrogen
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by the conversion fa c to r , 4P1 (4 .67 ), the weight o f zinc 

can be obtained.

A possible th eo re tica l e rro r encountered, other 

than the p rec ip ita tion  o f sine ammonium phosphate, would 

be in the t it r a t io n  stag®. The t i t r a t io n  o f ammonia in 

borio acid so lu tion , with the a id  of methyl red ind ica tor, 

is baaed on the fa c t  that In presence o f boric acid the 

indicator develops its  acid co lo r  in an intermediate in­

ten s ity , corresponding to  the a c id ity  o f the boric acid 

so lu tion , and that th is c o lo r  is markedly changed in in ­

tensity  by anull amounts o f a lk a li or a c i d ( l l ) . During 

the t it r a t io n  o f .ammonia, the yellow  solu tion  develop® a 

reddish co lo r as the equivalence point is approached and 

upon continued addition  o f acid the red co lo r becomes 

progressively  c learer and deeper, f in a l ly  reaching a max­

imum w ell beyond the equivalence po in t. There is at no
»

time a sharp color change, but at the equivalence point, 

the in tensity  o f the red co lo r is  id en tica l with that o f 

the boric acid-methyl red so lu tion  s im ila r ly  d ilu ted .

As a matter o f convenience, and to be sure of the 

presence o f the same quantity o f methyl red in both com­

parison solu tion  and t it r a te d  so lu tion , the »e th y l red 

should be added to  the whole supply o f boric acid solu­

tio n .

-The comparison solu tion  haa the same concentration
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o f ’ooric acid as the t it r a te d  solution at the equivalence 

point but lacks the ammonium ch lo rid e , ¿he re to re , the 

ion ization constant o f the boric acid and the hydrogen 

ion concentrât ion o f the t it r a te d  solu tion  are grea ter 

than that fo r  the comparison solu tion* the maximum d i f ­

ference in pH between the comparison solu tion  and the 

t itra ted  solu tion  due to  th is cause is no more than 0*1 
of a pH un it, which is  equivalent to 0.01 ml. o f  a 0.1 B 

hydrochloric acid s o lu t io n ^ },  fo r  most purposes, th is 

error may be neglected . I t  is p oss ib le , however, to 

elim inate the d ifferen ce  in pH o f the two solutions by 

adding an amount o f ammonium ch loride to the comparison 

solution which would contain the cam© concentration an 

that o f the ammonium ch loride present in the t it r a te d  solu­

tion a fte r  t it r a t io n *  Hence, the ion ic strength o f  the 

two solutions would be equal, and consequently, there 

would be no d ifferen ce in the pH values, i'he calcu lated 

amount of ammonium ch loride that would be in the compari­

son solution could be determined from the th eo re tica l 

weight o f ammonium in zinc ammonium phosphate.



CHAPTER I I I

IXH2RHmmAL PROCEDURE

The procedure fo llow ed  fo r  the p rec ip ita tion  o f 

zinc was e ssen tia lly  that found in Reiman, Keuss, and 

laim&n, % u an tita tivc  A n a lys is .” A known amount of zinc 

su lfide was d isso lved  in 25*30 ml* o f warm concentrated 

hydrochloric ac id . The solu tion  was gently to ile d  to ex* 

pel the hydrogen su lfid e  and then coo led . One drop of 

methyl orange was added, and the so lu tion  neutralized 

with 6 H ammonium hydroxide * C are fu lly , 1 S hydrochloric 

acid was added-until the Ind icator turned pink. The » o ld  

tion  was then d ilu ted  to 200 m l., heated to 90°C, and 

added, with constant s t ir r in g ,  an excess o f a solu tion  of 

di-ammonium hydrogen phosphate, 1»® ,» about ten times the 

th eo re tica l amount necessary to  combine with the z in c . 

Generally, 25 ml. of fresh ly  prepared 2 M so lu tion  o f the 

precip itan t was s u ff ic ie n t ,  A floccu len t p rec ip ita te  of 

zinc phosphate f i r s t  formed, kept the so lu tion  hot, but 

below b o ilin g , u n til th is  substance changed to the crys­

ta ll in e  zinc ammonium phosphate, which s e tt le d  rap id ly  to 

the bottom o f the beaker. Usually ten to  twenty minutes 

was required fo r  th is change. The solu tion  wag allowed 

to d igest on a water bath fo r  th ir ty  minutes. Unless the 

so lu tion  was nearly neutral before adding the diamraonium
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hydrogen phosphate, the pH would not he correct fo r  a 

quantitative p ree ip ita tion . A check o f  the pH at th is  

point was made 'by adding a few drops o f bromo thymol - blue. 

The pH was within the acceptable lim its  i f  the ind icator 

assumed any shade o f green# The p rec ip ita te  was then f i l ­

tered through a f i l t e r in g  cru c ib le , washed once with 

fresh ly  prepared 0.1  M secondary ammonium phosphate so lu ­

tion , and then twice with 50 per cent a lcoh o l.

While the p rec ip ita te  dried , an apparatus s im ila r 

to that used in the K jeidah l determination was set up. A 

steam trap  was connected to  the lije l& ah l fla s k . Its  pur­

pose was to prevent any o f  the a lka line so lu tion  from be­

ing carried  as a spray into the condenser. The receiv ing 

flask  should be a 400 ml. beaker, marked to ind icate the 

le v e l to which i t  should be f i l l e d  to  hold 200 ml, F i f t y

ml. o f 0 .6  II boric acid , containing methyl red, was put
*

into the f la s k . The lower end o f the condenser was f i t t e d  

with a rubber stopper to which was attached a bent adapter 

which extended nearly to the bottom o f the flask#

The p rec ip ita te  o f zinc ammonium phosphate was 

then placed into the K je ldah l f la sk  and 150 ml. o f water 

added, some o f which was used to wash out the crucib le 

containing the p recip itate#  To this mixture, 100 ml. o f 

10 B sodium hydroxide was introduced by means o f a funnel, 

a few marble chip® added and d is t i l la t io n  begun. Steam
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d is t i l la t io n  was recommended fo r  the separation of am­

monia because th is  method avoids the tendency of the a l ­

kaline eoiutton to bump. The process must be constantly 

watched in order to  prevent temperature changes which 

night cause the mixture from the .receiver to  he drawn 

back into the Kjeld&hl f la s k . When the volume in the 

rece iv ing  fla sk  reached 200 m l., the adapter wee discon­

nected, flame removed, and the condenser and adapter 

rinoed out with d is t i l le d  water, a llow ing the washings 

to run into the rece iver#  The contents o f the rece iv ­

ing fla sk  wore t itra ted  with 0.1  U hydrochloric acid and 

the weijftt o f nitrogen ca lcu lated . This ca lcu la tion  was 

baaed on the th eo re t ic a l per cent o f n itrogen present in 

zinc ammonium phosphate.



CHAPTER IV

35I3CU33ION OF RESULTS

Since th ie problem was not d ir e c t ly  concerned 

with the ee par at ion o f zinc from in te r fe r in g  metals* a l l  

o f the sample a used «e re  zinc su lfid e  o f high grade pu­

r i t y .  The w rite r  was w e ll aware o f the possible errors 

that would be involved in the separation o f  z in c , and be­

l ie  ved th a t, by improved technique, the resu lts  obtained 

in th ie paper would have d if fe r e d  very l i t t l e  from those 

that would have been obtained i f  separation o f zinc by 

the standard methods had been encountered. The resu lts  

shown on Table 2 were obtained from the same sample o f 

zinc su lfid e  as the resu lts  shown on Tables 3 and 4.

Table 2 gives the result© o f a number o f analyses

made as described in the experimental procedure • The r e -
»

su its of analyses that fa i le d  because o f  improper con tro l 

o f conditions are not included. I t  is  believed  that the 

data in Table 2 are rep resen ta tive . The average error 

was ±2 .4  parts in a thousand. The resu lts  in Tables 3 

and 4 are those o f two standard gravim etric methods: con«, 

version to zinc ammonium phosphate, and conversion to 

zinc oxide, with an average error o f ± 2 and± 1 parts in 

a thousand, respect iv e ly .

There are pos itive  and negative errors involved



TABLE 2

VOLUMETRIC DETERMINAT ION OF ZINC INVOLVING 
A QUANTITATIVE PRECIPITATION OF ZING

Arnom m  phosphate

Number
weight o f 
N itrogen 

g*

Zinc
Found

6 *

Zinc
Had

g*

D i f  f  e r- 
ence 
mg.

R .M.i;. 
Parts per 

1000

1 o.oepi 0,3738 0.3740 -0*2 -0 .6
2 0.0650 0.3036 0.3042 -0 .6 -2
3 0,0754 0,3522 0.3526 »0 .4 •1

\
4 0,0673 0.3143 0.314 9 - 0 .6 -2
5 0.0947 0.4423 0.4433 - 1 .0 -2
6 0.0609 0.2845 0.2852 -0.7 -2
7 0,0614 0.2867 0.2873 -0.7 —2
8 0.0785 0.3665 0.3683 - 1 .8 -5

9 0.0705 0.3294 0.3305 —0 .9 -3

10 0.0725 0.3384 0.3376 +0 .8 +2



TaBLB 3

3BÏDRMINAXI0N OF ZINC BY Äft&CXPIMXOH ÂS 
ZINC AUtONXUlI PMDSHîAYB

le igh t o f 
2nNH4P04 

g.

Zinc
Found

g.

Z inc 
Had 
g*

D if fe r ­
ence
mg.

R e la tive  Mean 
Krror Parts 

per 1000

1.3308 0*4907 0.4916 -0 .9 -2
0.9643 0.3534 0.3526 +0 .8 +2
1.1963 0.4384 0.4392 —0 .8 -2
0.8611 0.3156 0.3149 +0.7 +2
1.0047 0.3682 0.3691 -0 .9 -2
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TABLE 4

DETER MINAT ION OP ZINC BY CONVERSION TO 
ZING OXIDE

Weight
ZnO
g.

Zinc
Found

g .

Z ine 
Had 
g*

D i f fe r ­
ence
mg*

R e la tive  Mean Error 
Parta per 1000

0.6538 0.5253 0.5245 t0*9 4»1

0.7982 0.6413 0.6407 H) *7 + 1
0.3559 0.2859 0.2861 -0 .2 -1
0.4194 0.3369 0,3370 - 0 .1 0
0.3978 0.3196 0.3198 - 0 .2 - 0 .6
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in th is  method, as stated above, the various determina­

tions were started  with samples o f zinc su lfid e , e lim i­

nating a possible positive* e rro r , which could be an ab­

normal composition o f  the p rec ip ita te , due to  the pres­

ence o f excessive amounts o f ammonium sa lts  in the so lu ­

tion , or excessive amounts o f sodium or potassium 

ions(12 ) ,  negative errors , some o f which are unavoid­

able but may be held to  a minimum, ares

1. F a ilin g  to expel hydrogen su lfid e  from o r ig in a l 
sample causes a p rec ip ita tion  o f zinc su lfid e  
when the solu tion  is  adjusted to the proper pH 
value. This error can be avoided by gently 
b o ilin g  the solu tion  ten to  f i f t e e n  minutes, or 
u n til the odor o f hydrochloric acid fumes are

\ predominant.

2. Incomplete p rec ip ita tion  o f zinc ammonium phos­
phate. By ca re fu lly  adjusting the pH o f the 
solu tion  to the point where a half-drop  o f 1 H 
hydrochloric acid is  s u ffic ie n t  to turn the in ­
d ica tor from yellow  to  red, th is  e rro r can also 
be avoided,

3. S o lu b ility  loss during'the washing process. 
Unavoidable i f  water ia used, but th is  e rro r 
may be taken in to account since the s o lu b ility  
o f zinc ammonium phosphate in water is known.

4. Transferring o f p rec ip ita te .

5. V o la tiza tion  o f some ammonia before the K je l-  
dahl fla sk  is attached to  the d is t i l la t io n  ap­
paratus .

6 . Failure to match the co lo r  o f t i t r a t in g  solu­
tion  with that o f the boric acid-methyl red so­
lu tion s im ila r ly  d ilu ted . This e rro r  can be 
minimized by proper lig h t in g , white background, 
and by using the same stock so lu tion  f o r  the 
adsorption fla sk  and comparison bu ffer.



CHAPTER V

summary

1» An in d irec t, volumetric method, making use 

of the vo l& tization  o f ammonia brought about by the par­

t ia l  decomposition o f zinc ammonium phosphate, was pro­

posed fo r  determining the percentage o f zinc in an ore.

2» A comparison was mad© in the t i t r a t in g  stage 

between the standard method used today and the method 

proposed in th is paper#

3. The resu lts obtained by the w r ite r ’ s method 

were compared to the resu lts  o f two standard gravimet­

r ic  methods.

4. Although th is paper was concerned with the 

deterrnination o f zinc, i t  is w e ll to note that th is  

method is applicab le to any element forming the ammonium 

phosphate s a lt .  Magnesium, manganese, coba lt, berriliiu m , 

cadmium, and uranium could therefore be determined by the 

method proposed in th is  paper.
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