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The present work is a stuay of the seDaratlon of oopper, 
as cuprous oxicie, free from interfering substances,of the 
application and. reliability of cerio sulfate for the deter- 
mination of the copper content, of the conditions necessary 
for the use as indicator of either ortho-phenanthroline 
ferrous complex or diphenylanilne sulfonic acid, and of tue 
comparison of the method to the A.O.A.C. Iodide method. 
Copper samples may be generally classified as those that 
need preliminary treatreiit ror removal of interfering sub- 
stances, such as iron, In the cases of ores, mattes, afloys, 
etc., and those that do not need this treatrn.ent, such as .Paris 
green and other pure copper salts. As representative of 
each class of samples iaris green and coDper ores were selected. 

After separation of interfering substances, the copper 
in a sample is reduced by an arsenite and precipitated as 
ouprous oxide in a 2 per cent sodium hydroxide solution; this 
oxide is washed free fron excess arsenite and then oxidized 
by excess 0.1 I cerio sulfate solution. .ith either ortho- 
phenanthroline ferrous coriplex or diphsnylamine su.Lfonic 
acid as indicator the excess standard 0.1 ri eerie sulfaZo 
is titrated with either a 0.1 L ferrous ammonium. sulfate solution 
or a weighed portion of ferrous ammonium sulfate. 

rhis method is capable of giving results which are 
withizi O.2O per cent of the values given by the iodide method 
and many are rauch closer than that. ±esults may be duDlicated 
on the sante sample with an average precision of about O.lO 
per cent. .ihe advantages of this method over tne iodide 
method are: (a) the method Is rauch less tedious; (b) in the 
titration the endpoint is more easily cietecteci because of the 
distinct changes in color; (e) the solutions of the indicators, 
ortho-phenanthroline ferrous complex and diphenylamine sulfonlo 
acid, are stable over a period of many months; and (d) the cost 
of the cene sulfate used in a determination is less than that 
of the potassium iodide required in the iodide method. 
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Â CEROIvflTRI ETIIOD POR DETERMINATION 
OP COPPER IN PARIS GREEN AND ORES 

INTRODUCTI ON 

The application of cerio sulfate to many analytical 

proced.ures has been reported. in recent years. A review of 

many of those appearing prior to 1934 is given by Young 

(15) and. since that time a few ad.d.itional methods for its 

use have appeared (4,7,8,11). In comparison to other 0x1- 

d.ants, such as diohromate and. permanganate, cerio sulfate 

has many distinct advantages (8,12,14,15). 

The progress shown in the last ten years has been 

largely due to the procuring of purer cerio salts, an 

increased interest in the reagents of higher oxidizing 

potentials, and the development of suitable indicators 

for these reagents. At the present time the most common 

use of cerio sulfate is for the determination of iron 

(8,14). The earlier diphenylarnine indicators have largely 

been replaced by the more stable and more sensitive com- 

pounds having a higher oxidizing potential, such as ortho- 

phenanthroline ferrous complex (9,13) and diphenylamine 

sulfonic acid (2,15). 

In 1934 Stegeman and Englis (11) reported a method 

for determining reducing sugars using a standard eerie 

sulfate solution to oxidize the cuprous oxide formed by 
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the action of those sugars on Fehling's solution. In a 

later paper (12) they reviewed tne merits of cerio sulfate 

over other standard oxidants for their procedure. 

The present work is a study of the separation of 

copper, as cuprous oxide, free from interfering substances, 

of the application and reliability of cerio sulfate for the 

determination of the copper content, of the conditions 

necessary for the use as indicator of eibher ortho- 

phenanthroline ferrous complex or diphenylamine sulfonic 

acid, and of tne comparison of the method to the A.3..C. 

iodide method (1). Copper samples may be generally 

classified as those that need preliminary treatment for 

removal of interfering substances, such as iron, in the 

cases of ores, mattes, alloys, etc., and those that do not 

need this treatment, such as Paris green and other pure 

copper salts. As representatives of each class of samples 

Paris green and copper ores were selected. 
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THJORBTICAL 

Cerium forms colorless cerous, Ce and orange 

cerio, Ce'4, salts. In acid medium there is only one 

reduction product: cerio ions are reduced to cerous ions. 

By virtue of its high oxidizing potential (1.44 volts in i 

molal sulfuric acid. compared to 1.48 volts for potassium 

permanganate) the cerio ion is capable of oxidizing 

quantitatively many substances. 

Sulfuric acid present in the reagent prevents the 

hydrolysis of the cerio sulfate and helps maintain acidic 

condition in titrations. All cerio sulfate titrations 

muet be carried out in an acid solution, because in a 

neutral or alkaline solution perceric compounds are 

formed. 

Since the indicators ortho-phenanthroline ferrous 

complex and. diphenylarnine sulfonic acid each show the true 

end-point between cerio and ferrous titrations (13,15), 

the best reagent to measure an excess of cerio sulfate 

should os a salt of ferrous iron. 

In Paris green the arsenite present in the sample 

reduces the copper to the cuprous state, and In an alkaline 

solution ouprous oxide precipitates out; but in the ores 

the many interfering substances, such as iron, lead, etc., 

must be removed before an arsenite can be added to reduce 
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the copper. The cuprous oxid.e can then be washed free 

from excess arsenite and oxidized with excess cerio sul- 

fate. The reactions involved: 

1. In excess arsenite cuprio ions are reduced: 
-N t-i- 

2 Cu t AsO3 Cu2 -- Âs04 

2. The hydroxide precipitates the cuprous ions: 

Cu2 -1- 2 OH - : Cu20 -i- H2G 

3. The acid In cerio sulfate solution dissolves 

the oxide: 

ions: 

t -H- 

CuQ_±2 H Cu -I- H20 

4. The cerio ions immediately oxidize the cuprous 

1_1- ft-t+ H-f 
Cu2 t2Ce : 20u 4-20e 

5. The ferrous ions reduce the excess cerio ions: 
1-1- t++-f- t-,- +1- 

Fe fOe Fe +0e 
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EERIMEN TAL 

PREPiLATION UF SOLUTI0J3 

Cerio Ammonium Sulfate Solution, 0.1 N. This 

solution was prepared. by dissolving 63.5 gin, of the salt 

in 500 ml. of a solution containing 28 ini. of concentrated 

sulfuric acid per liter, and. by diluting to one liter. 

Hexanitrato Ammonium Cerate may be used (10). 

Sodium Arsenite Solution. Fifteen gm. of arsenious 

oxide were dissolved in 20 ml. of 6 N sodium hydroxide 

solution and diluted to lOO ml. 

Ferrous Ammonium Sulfate Solution, 0.1 N. This 

solution was prepared. by dissolving 39.5 gm. of the salt 

in 500 ml. of a solution containing 10 ml. of concen- 

trated sulfuric acid. per liter, and. by diluting to one 

liter. The solution was standardized daily. 

Sodium Hydroxide Solution, 2 per cent. This reagent 

was prepared by dilution of 6 N sodium hydroxide solution. 

Ortho-Phenanthroline Ferrous Complex Indicator, 

0.025 M. This indicator was prepared. by dissolving 0.695 

gm. of ferrous sulfate heptahydrate in 100 ml, of solution; 

1.485 gm. of ortho-phenanthroline monohyd.rate was added, 

and the mixture was stirred. until solution was complete(9). 

Diieny1amine 3ulfonic Acid. Indicator. 0.01 M. This 

indicator was prepared by dissolving 0.32 grn. of barium 



diphenylamine sulfonate in 100 ml. of water, five-tenths 

of a gin, of sodium sulfate was added, and the solution 

decanted from the precipitated barium sulfate (14). 

Iodine Monochioride 3olution, 0.005 M. To prepare 

this catalyst 0.279 gin. of potassium iodide and 0.178 gm. 

of potassium iodate were dissolved in 500 ml. of 1 to i 

hydrochloric acid. solution (8). 

STANDARDIZATION OF CERIO SULFAT. SOLUTION 

Standardization. Similarly to other oxid.ants cerio 

sulfate solution may be accurately standardized against 

sodium oxalate, Mohr's salt, or an iron ore of known con- 

tent (14). 

1. Against Pure Sodium Oxalate (8). $amples of ox- 

alate were taken that required 25 ml. of 0.1 N cerio sul- 

fate solution, dissolved in 100 ml. of distilled water, and 

15 ml. of concentrated hydrochloric acid. and. 5 ml. of 

0.005 M iodine monochioride were added. After heating to 

5000 either two drops of ortho-phenanthroline ferrous 

complex or eight drops of diphenylamine sulfonic acid. 

indicator were added and the solution titrated with cerio 

sulfate solution to a faint blue hue for the former 

indicator or to a violet coloration for the latter 

indicator. In both cases the color must persist for one 

minute. 
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2. Against an Iron Ore of Known Iron Content. The 

method of Willard and uruan (14) was followed, using 

ortho-phenanthroline ferrous complex or diphenylamine 

sulfonic acid as indicator. 

3. Against Ferrous Ammonium Sulfate, ttiohrts a1t". 

Samples of Mohr's salt, purity of 99.9 per cent, were 

taken that required 25 ml. of 0.1 N cerio sulfate solution, 

and dissolved in 25 ml. of recently boiled distilled water 

and 10 ini. of 6 N sulfuric acid. Either two drops of 

ortho-phenanthroline ferrous complex or 8 drops of di- 

phenylamine sulfonic acid indicator were added and the 

solution titrated with the cerio sulfate solution. 

TABLE I 

C0MARISON OF THE DIFFERENT 
MMH3DS F3R STANDARDIZATION 

Primary Normality of the 
CericFu1fate Solution 

Standard 
o-Phenanthroline Diphenylamine 
Ferrous Complex Sulfonic Acid 

Sodium Oxalate 0.1073 0.1076 
Iron Ore 0.1069 0.1072 
Iron Ore 0.1068 0.1072 

Mohr's Salt 0.1069 0.1071 
*Mohrts Salt 0.1070 0.1069 

*In presence of added copper. 
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Discussion. Table I shows the average normalities 

found. by using ortho-phenanthroline ferrous complex and. 

diphenylamine suif onic acid. with the primary stand.ard.s 

mentioned above. 

First, the cerio sulfate solution was standardized by 

both methods against sodium oxalate to learn the precision 

of the methods and to compare their results, which were as 

follows: (Â) for the o-phenanthroiine method the differ- 

ence between runs varied. from 0.0000 to 0.0003; (B) for 

d.iphenylamine sulfonic acid. method the difference between 

runs varied. from 0.0000 to 0.0005; (0) the average nor- 

mality for the former lower than the 

average normality of the latter. 

Second, the cerio sulfate solution was standardized 

by both methods against an iron ore whose iron content was 

57.62 per cent as determined by the potassium dichromate 

method. 3ince Feigl (3) showed that o-phenanthroline 

reacts with cupric copper forming a blue colored compound, 

therefore this method. of standardizing was carried out both 

in absence and in presence of cupric copper to learn the 

precision of each method and to compare the results given 

by the two methods not only with each other, but also with 

the results given by the sodium oxalate standardization 

procedure. The results were as follows: (A) for the 



ortho-phenanthroline method.: ( a) the difference between 

runs varied. from 0.0001 to 0.0004 both in the absence and. 

in the presence of oupric copper, and. (b) the presence 

of the copper caused. no apparent masking of the endpoint; 

(B) for the diphenylamine sulfonic acid. method: (a) the 

difference between rims varied from 0.0001 to 0.0003, and 

(b) the presence of copper caused no more apparent mask- 

ing effect than in the above method; (C) the average 

normality for the former method was also 0.0003 lower 

than the latter; and (D) In both methods the average 

normalities were lower than in the sodium oxalate pro- 

ce dur e. 

Third, the ceric sulfate solution was standardized. 

against Mohr's salt under the same conditions as in the 

standardization against iron ore and, the results were 

similar except that the degree of precision was better. 

Thr3ughout the course of the research each new 

solution of cerio sulfate was standardized against the 

same stock of Mohr's salt using both the ortho-phen- 

anthroline ferrous complex and. the diphenylamine sul- 

fonic acid methods. The Mohr's salt procedure was se- 

leoted, because it not only gives results checking the 

other procedures, but it is also more easily and rapid- 

ly carried out. 
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PRFLIMILRY STUDIES 

]»reot oxidation o the cuprous oxide br means of 

the cerio sulfate solution is desirable for the follow- 

ing reasons: when hydrochloric acid is used. to dissolve 

the ouprous oxide, the rate of dissolving is slightly 

increased, the susceptibility to oxidation by atmospheric 

oxygen is also greatly increased; and. the amount of sul- 

furie acid that is present in the cerio sulfate solution 

is sufficient to dissolve the cuprous oxide which is 

then instantaneously oxidized, provided excess cerio sul- 

fate is present. Stegemaia and Englis point out similar 

conclusionsti z.) * 

In place of an arsenite as the reducing agent glucose 

(li) was tried, but since the precipitation of the cuprous 

oxide was much slower and filtration was more difficult, 

it was abandoned. 

The reliability of the arsenite as a reducing agent 

was brought out by the following experiment: Pure copper 

was dissolved in nitric acid and the nitrogen oxide boiled 

out. After the addition of excess arsenito solution, 

sodium hydroxide was added to neutralize the acid. and 

just enough more to form the green precipitate that de- 

composes when the solution is boiled. The copper content 

found was 100.2 per cent. This result shows that the 
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cerio sulfate is equivalent to all the copper present, 

and. that all the copper was red.uced. by the arsenite. 

DETERMINATION OP COPPER IN PARIS GREEN 

Procethire. Accurately weigh 0.3 to 0.4 gm. of the 

sample, brush into a 400 ml. beaker (Note 1), and. add. 

loo ml. of 2 per cent solution of sodium hydroxide. Heat 

to boiling and stir until all the green compound has been 

decomposed forming red ouprous oxide (Note 2), and. di- 

gest for 30 minutes on a hot plate (Note 3). Let cool 

and. filter slowly on a prepared G000h crucible. With 

cold. distilled. water wash the residue on the filter 

until the total filtrate is 250 ml. (Note 4). Iinmed.i- 

ately place the Gooch containing the moist residue 

(Note 5) in the original beaker. With the stirring rod 

hold. the orucible upright in the beaker and. add. an ex- 

cese of 0.1 N 8olution of cerio sulfate from a burette 

directly to the oxide (Note 6). If there are any un- 

dissolved particles, heat carefully to boiling and stir 

until solution is complete (Note 7). Add. 100 ini. of 

recently boiled. distilled water, and after cooling in 

a pan of oold. water (Note 8), add either an excess of 

accurately weighed ferrous ammonium sulfate or 15 to 

20 ml. of a 0.1 N solution of ferrous ammonium sulfate. 

(Note 9). 
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Using either 2 drops of ortho-phenanthroline ferrous 

complex or 8 drops diphenylarnine suif onic acid indicator 

titrate the excess ferrous ammonium sulfate with more of 

the 0.1 N solution of eerie sulfate. t the endpoint 

for the former indicator the color changes from red. to 

pale blue and. for the latter from green to violet. 

From the total volume of oeric sulfate used. calculate 

the percentage of cupric oxide (Note lo). 

Notes. 1. If the arsenite content is lower than 

for an ordinary Paris green, add. an amount of copper free 

arsenite solution sufficient to reduce the copper. 

2. If the precipitate contains any black particles, 

sufficient arsenite was not present to completely reduce 

the copper. Remedy this by dissolving the residue in 

acid, add a slight excess of arsenite, and. slowly add. 6 N 

sodium hydroxide solution until the green compound forms. 

3. In order to retain the euprous oxide on the 

asbestos mat complete digestion as indicated. by a clear 

eupernatent liquid. is necessary. 

4. Since the cu.prous oxide is to be disBolved. In 

the beaker, the particles adhering to the walls need not 

be transferred to the Gooch, but they must be washed. free 

from arsenite. 

5. Since the cuprous oxide is slowly oxidized by 

atmospheric oxygen, the liquid should never be completely 
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drawn off. 

6. Presence of excess cerio ions is Indicated by 

the yellow color of the solution. 

7. Cerio sulfate solution may be moderately heated 

(14). Special care must be taken to disintegrate the 

asbestos mat thoroughly. 

8. Hot solutions of ferrous iron are more readily 

oxidized by atmospheric oxygen than cold. 

9. When excess ferrous iron Is present, bhe so- 

lution will become pale blue. 

10. Method of Calculation. Example: 

í'íeight of sample - 0.3013 gm.; weight of Mohr's 

salt - 0.6011 gru.; and. total volume of 0.1004 N Ce(304)2 

used - 26.90 ml. 

1. The number of ml. of 0e(0 ) solution 
42 

equivalent to the Mohr's salt of 99.9 per cent purity: 

Using the formula, VNE where V represents 

ml. of solution used, N represents the normality of the 

solution, E represents the milli-equivalent weight of the 

Mohr's salt, and W represents grams of Mohs salt used, 

V = 0.6011 x 99.9 15.26 ml. 
0.1004 x 100 x 0.39214 

2. The number of ml. of 3e(304)2 equivalent 

to the copper in the Paris green: 

26.90 - 15.26 11.64 ini. 
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3. The per cent CuO: 

11.64 x 0.1004 x 0.07957 x 100 z 30.87 % 
0.3013 QuO 

The results of the determination of copper in 

twelve Paris greens are shown in Table II which also in- 

eludes for comparison figures obtained by the A. 0. A. C. 

iodide method (1). 

TABLE II 

RESULTS OBTAINED BY THE CERIC SULFATE 
METHOD POR COPPER IN PARIS GREEN 

A.0.2.C. 
Iodide 

Sample Method 
Number 

Corle Sulfate LIethod 

Diphonylamine 
Sulfonic Acid. 

% QuO % QuO Devia- 
t i on 

o-Phenanthroline 
Ferrous Complex 

% CuO Devia- 
t ion 

19 24.99 25.03 0.O4 25.08 /0.09 
20 25.09 25.05 -0.04 25.12 /0.03 
21 26.42 26.48 /0.06 26.46 /0.04 
22 27.38 27.35 -0.03 27.30 '.0.08 
23 30.45 30.50 /0.05 
24 30.91 30.92 /o.oi 30.92 /0.01 
25 29.81 29.73 -0.08 29.78 -0.03 
26 29.98 29.94 -0.04 29.89 -0.09 
27 29.93 29.87 -0.06 29.89 -0.04 
28 49.41 49.40 -0.01 
29 29.79 29.59 -0.20 29.80 /0.01 
30 30,13 30.12 -0.01 
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Disoussion. Commerical Paris green samples were 

used with the exception of number 28 which was a saniple 

of copper arsenite. The result listed for each sample is 

the average for a number of determinations. The devia- 

tion listed for each ceric sulfate method is the dit- 

terence between the average percentage given by it and, by 

the iodide method. This deviation designates the degree 

of accuracy for each determination. For each method the 

range is troni -0.20 to 0.05 per cent and -0.09 to +0.09 

per cent respectively. Results nay be duplicated on the 

same sample with an average precision of about 0.lO per 

cent. 

The advantages of this method over the iodide method 

are: (a) it is less tedious, i.e., the cuprous oxide is 

directly oxidized after filtration, while in t'ne iodide 

method there are many steps involved before the copper 

may be titrated; (b) in the titration the endpoint is more 

easily detected because of the distinct changes in color, 

while in the iodide method because of the presence of the 

cream colored precipitate of cuprous iodide the final 

disappearance of the blue Is very difficult to observe; 

(o) the solutions of the indicators, ortho-phenanthroline 

ferrous complex and diphenylamine sulfonic acid, are 

stable over a period of many months, while in the iodide 

method the starch solution deteriorates rapidly; and 
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() he cost or the cerio sulfate used in a determination 

is less than that of the potassium iodide required in the 

iodide method. 

DL'I'ERMII'ÀT ION OF COPP fl ORES 

Procedure. Accurately weigh O.2i to 1.0 gm. of the 

sample (Note 1), brush into a casserole, cover with a 

watch glass, add 10 ml. of concentrated hydrochloric acid 

and 5 ini. of concentrated nitric acid, and warm on the 

hot plate to aid solution (Note 2). Add 5 ml. of con- 

centrated sulfuric acid and carefully evaporate uncovered, 

keeping the casserole in constant motion, until dense 

white fumes of sulfur trioxide appear. After cooling, 

carefully add 25 ml. of distilled water and warm to dis- 

solve soluble sulfates (Note ). Cool, cover with the 

watch glass, add. slowly excess 15 N aininonium hydroxide 

to precipitate completely brown f erric hydroxide, and stir 

thoroughly (Note 4). 

Filter into a 400 ml. beaker and wash the residue 

with N ammonium hydroxide until the washings come 

through colorless. By means of a stream o water from 

the wash bottle rinse the residue back into the casserole, 

being careful not to damage the filter, and add just 

enough concentrated sulfuric acid to dissolve the iron 
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and alurn.inuin prec1piate. Reprecip1tte by add1n rai. 

of 15 N anmonium hydroxide, add torn up blts of filter 

paper to hesten filtration, and filter throußh the 

original paper washing the prec1pitte vith 3 N araraonluni 

hydroxide until the volume of the ooi'b1ned filtrate is 

almost 250 mi. (Note 5). Add some glass beads and. 

evaporate the solution to about 100 1. to remove excess 

ammonia (Note 6); then add. 10 ml. of 6 N solution of 

sodium hydroxide (Note 7), boll until black oupric oxide 

forms (Note 6) and the suernatant liauid is colorless 

(Note 9). Dissolve tuiS black residue ïn ô N sulfuric 

acid (Note 10), add 2 ml. of arsenite solution, niake the 

total volume up to 100 ml. with distilled water, and add 

6 N solution of sodium hydroxide until formation of 

yellow-green precipitate. Proceed according to directions 

given under the determination of copper in Paris green, 

on p. 11 beginning, "Heat to boiling and stir until all 

the green compound has been decomposed......" (Note 11). 

Calculate percentûge copper. 

Notes. 1. Convenient weights of sample: for ores 

containing less than 5 per cent of copper, 1.0 gram; 

from 5 to 20 per cent of copper, 0.5 gram; more than 20 

per cent of copper, 0.25 gram. 

2. Since there is no good. indication when the re- 
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action is complete, keep the mixture on the hot plate 

for one hall' hour or more. In case of sulfide ores, a 

small globule of melted sulfur usually forms that may 

absorb some copper forming a dark lump when solidified. 

If this be the case, remove and wash it, then ignite inca 

porcelain crucible, dissolve the dark portions of the 

residue in nitric acid and rinse the solution into the 

casserole. 

3. At this point iron, aluminum, and copper sulfates 

are soluble, while the residue consists of gangue, sulfur, 

and the insoluble sulfates, such as lead. and calcium. 

4. Copper forms the soluble complex ion, Cu(NH3)4. 

5. The method of double precipitation of the iron 

and aluminum is more accurate, more conveniently carried 

out, and much more rapid than the process of precipitating 

the copper by aluminum that is generally used in the 

iodide method. According to Heath (5) results with 

samples containing from 25 to 35 per cent of iron and 

aluminum oxides showed never more than 0.04 per cent of 

copper in the residue on the paper after the second 

precipitation and sometimes no copper at all. 

6. Unless beads are present, the solution bumps 

excessively. 

7. As long as there is enough ammonia present to 

form the complex copper ion, Ou(NH3)4+ the copper will 
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not be completely reduced when arsenite is added. 

8. If no black precipitate forms, add more sodium 

hydroxide and continue to boil. 

9. At this point the ammonia is completely removed. 

10. If there is any white residue, filter off, wash 

with cold distilled water, and proceed with the filtrate 

as directed. 

11. This precipitate of cuprous oxide is likely to 

be more flocculent and more yellowish red due to the 

formation of smaller particles; therefore digest longer 

and wash the residue twice as much to insure the complete 

removal of the arsenite. 

The results of the determination of copper in nine 

ores are shown in Table III which also includes for 

comparison figures obtained by the iodide method (6). 

Discussion. The deviation for each determination is 

the difference between the average percentage of copper by 

the iodide method and that by the ceric sulfate method. 

In all cases the reliability of the method, shown by these 

results, was of the same magnitude as that for Paris green. 

Separation of interfering elements present in the 

sample, especially iron, was necessary, because they 

either prevented the complete reduction of the copper by 

the arsenite or they formed insoluble arsenites that were 
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precipitated along with the cuprous oxide and subsequently 

reduced cerio sulfate giving high results. 

TABLE III 

RESULTS OBTÀLED BY THE CERIO 
SULFATE METHOD FOR COPPER ORES 

(o-phenanthrollne ferrous complex) 

Sample Iodide Cerio Sulfate Deviation 
Number Method Method 

%Cu %Cu 

1 3.03 3.04 0.Ol 
2 3.94 3.89 -0.05 
3 5.37 5.32 -0.05 
4 6.27 6.22 -0.05 
5 7.27 7.29 ,0.O2 

11 15.02 15.02 0.00 
12 14.36 14.39 ,L9.03 

13 13.23 13.22 -0.01 
14 22.l 22.35 0.04 

TABLE IV 

RESULTS SHOWflG THE EFFECT OF NOT 
RE1OVING INTERFERLG SUBSTAWES 

Sample Precipitation In Precipitation in 
Number Presence of Iron Absence of Iron 

%Cu %Cu 

2 4.90 3.89 
11 15.14 15.02 
13 L.58 1.22 
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Table IV shows the effect in. a few specific cases of 

not removing interfering substances. Sample 11 contained 

only a trace of iron. Not only were the results higher, 

but the precipitate was very finely divided making the 

filtration slow and tedious; there fore a complete 

separation must be made. 

This method Is easier to carry out and Is more rapid 

than the iodide method, and it gives just as satis- 

factory results. 

Such materials as copper mattes and alloys may be 

also quantitatively determined by cerornetry. 
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SUI viARY 

A method has been developed for the use of cerio 

sulfate as the standard oxidant in the determination of 

copper in Paris green, ores, alloys, etc., that is capable 

of giving results which are within O.2O per cent of the 

values given by the iodide method and many are much closer 

than that. 

Results may be duplicated on the sanie sample with an 

average precision of about O.lO per cent. 

The advantages of this method over the iodide method 

are: (a) it Is much less tedious; (b) in the titration 

the endpoint is more easily detected because of the 

distinct changes in color; (o) the solutions of the 

Indicators, ortho-phenanthroline ferrous complex and 

diphenylamine sulfoni3 acid, are stable over a period 

of many months; and (d) the cost of the ceric sulfate 

used in a determination is less than that of the potas- 

slum iodide required In the Iodide rrìetaod. 
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