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obtained from the cadmium sulphate solution, using the acetate, formate, 
or lactate electrolyte. The formate ion also seems to exert a good in
fluence on the deposit, cadmium acetate solution with the formate elec
trolyte giving satisfactory results even in presence of the alkaline earth 
metals, and cadmium formate solution with the lactate electrolyte also 
giving good deposits. It is of interest to observe that the acetate and 
lactate electrolytes when used alone are not so successful, and the com
bination is an extremely poor one. 

It is clear that other organic electrolytes should be investigated, and 
that many interesting and valuable relations may be found in the com
parison of the nature of the deposits from different electrolytes and from 
their combinations. It is hoped that this investigation may be continued 
in this laboratory. 
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The tests for free and albuminoid ammonia, since their introduction in 
1867, have played an important role in the sanitary examination of drink
ing-water. They have been criticized because of inaccuracies due to inter
ferences from substances in solution, and it is this phase of the subject 
that we have been investigating. In the experimental work we have 
taken the usual precautions to have a uniform rate of distillation, a uni
form temperature for Nesslerization, a uniform organic content in com
parative tests, all glass apparatus and a room free from ammonia fumes. 
As an illustration of the necessity for the last precaution we found that 
0.036 part per million of ammonia nitrogen was added to a water ex
posed for 24 hours in the distilling room, which adjoined a room where 
dogs were kept for experimental work in physiological chemistry, and 
that 0.566 part per million was added to water in the room where the 
dogs were kept. 

Natural waters sometimes contain substances which may cause inter
ference if these combine with ammonia to prevent its distillation or if 
they are distilled with the ammonia and interfere with the Nessler test. 
Of the former class are acids like sulphuric acid, which, as is well known, 
must be neutralized before distillation. Of the latter class is hydrogen 
sulphide, which will distil over with the ammonia and will give false re
sults. 

We have studied the effect of three substances, calcium acid carbonate. 
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magnesium chloride and hydrogen sulphide. Our results indicate that 
calcium acid carbonate and magnesium chloride in the amounts ordi
narily found in natural water do not interfere materially with the deter
mination of free ammonia. Kober1 has stated that in the presence of 
magnesium chloride all the ammonia is not given off. This may be true 
if the concentration of the magnesium chloride is very high. Our ex
periments with an amount of magnesium chloride in excess of the amounts 
found in any of the Illinois water supplies lead us to conclude that the 
interference is not material. 

Hydrogen sulphide, however, interferes with the Nessler test. When 
the amount of ammonia is large the hydrogen sulphide might be removed 
by precipitation with a lead or zinc salt and the ammonia determined 
by direct nesslerization, but if small and it is desirable to distil and ness-
lerize the distillates, the results are very inaccurate. This is shown in 
our first test. We added 0.06 part per million of ammonia nitrogen to a 
water in which 56 parts per million of purified hydrogen sulphide gas 
had been absorbed. Nesslerization after distillation showed 0.082, 
0.214 an<i °-376 part per million of nitrogen when only 0.06 part per 
million had been taken. A repetition of the experiment gave similar 
inaccurate results. 

The hydrogen sulphide must evidently be prevented from interfering 
either by distilling it off in the presence of something that will hold the 
ammonia or in holding it back while the ammonia is being distilled. The 
use of sulphuric acid to retain the ammonia in the Kjeldahl process led 
us to try it. To 500 cc. of a water containing 20 parts per million of hy
drogen sulphide and a known amount of ammonia nitrogen, 50 cc. of 
normal sulphuric acid was added and 100 cc. of water distilled over. 
The first tube was cloudy and smelled strongly of hydrogen sulphide 
gas; the second tube was practically clear. 50 cc. of a normal solution of 
sodium hydroxide was then added and 200 cc. of water distilled and 
nesslerized. On the first series with 0.06 part per million taken 0.082, 

TABLE I. -DETERMINATION OF AMMONIA NITROGEN IN THE PRESENCE OF HYDROGEN 

SULPHIDE. RESULTS IN PARTS PER MILLION. 
Total N found. 

O.082 

O.086 
O.082 

O.416 
O.400 

O.136 
0 . 2 5 6 

0 . 5 2 8 
I .040 

2 .OOO 

Correction. 

0 . 0 2 6 

0 . 0 2 6 
0 . 0 2 6 

O.030 
O.030 

O.020 
O.020 

O.020 

O.020 
O.020 

Nitrogen found. 

0 . 0 5 6 

0 . 0 6 0 
0 . 0 5 6 
O.386 

O.370 
0 . 1 1 6 

0 . 2 3 6 

0 . 5 0 8 

1.020 

1.980 

Nitrogen t a k e n . 

O.060 

O.060 
0 . 0 6 0 
O.400 

O.400 
0 . I 2 0 
0 . 2 4 0 

0 . 5 0 0 
I .000 

2 . 0 0 0 
1 THIS JOURNAL, 30, 1279-81. 
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0.080, 0.078 and 0.082 part per million was found. This showed the 
necessity for control tests which were ruti in succeeding series. The read
ings with the corrections are shown in Table I. The results are suffi
ciently accurate. 

With respect to the holding of the hydrogen sulphide and the distilla
tion of the ammonia, the addition of sodium hydroxide would not be 
satisfactory as the sodium sulphide formed would hydrolyze and hydro
gen sulphide would be found in the distillate. 

Phelps,1 in discussing the direct nesslerization of sewage, suggests the 
precipitation of the hydrogen sulphide with lead or zinc acetate. We 
have tried lead acetate and have compared i f with the sulphuric acid 
method, as shown in Table I I : 

TABLE II.— DETERMINATION 

Total N found. 

O.090 

O.088 

O.094 

O.090 

O.074 

O.056 

O.O72 

0 . 0 7 4 

O.074 

OR 

OF AMMONIA NITROGEN BY ADDITION OF SULPHURIC A 

LEAD ACETATE. RESULTS 

Correction. 

0 . 0 2 9 

0 . 0 2 9 

0 . 0 3 4 

0 . 0 3 4 

O.029 

0 . 0 2 9 

0 .023 

0 . 0 1 7 

0 . 0 1 7 

Nitrogen found. 

0 . 0 6 1 

0 . 0 5 9 

0 . 0 6 0 

0 . 0 5 6 

0 . 0 4 4 

0 . 0 2 7 

0 . 0 4 9 

0 . 0 5 7 

0 . 0 5 7 

IN PARTS PER 

Nitrogen taken 

0 . 0 6 0 

O.060 

O.060 

O.060 

O.060 

0 . 0 6 0 

0 . 0 6 0 

O.060 

0 . 0 6 0 

MILLION. 

Method. 

Sulphuric acid 
Sulphuric acid 
Sulphuric acid 
Sulphuric acid 
Lead acetate 
Lead acetate 
Lead acetate 
Control, no H2S 
Control, no H2S 

The method with sulphuric acid gives results as accurate as can be ob
tained when there is no hydrogen sulphide present while the results ob
tained by the use of lead acetate are low. 

In order to determine the effect of the addition of sulphuric acid on the 

'ABLE III.-

S
er

ia
l 

N
o.

 

20993 

21OO4 

2IOO5 

21006 

2IOO7 

21008 

21086 

21087 

2 I088 

— T H E EFFECT 

Free 

O
rd

in
ar

y 
m

et
h

o
d

. 

O.OIO 

O.024 

O.048 

0 . 0 2 4 

O. 120 

O.080 

0-544 
0.864 
0.144 

OF ADDING SULPHURIC ACID ON 

OBTAINED. RESULTS 

ammonia. 

03 

S
u

lp
h

u
ri

c 
m

et
h

o
d

. 

0 . 0 4 0 
0 . 0 3 2 

0 . 0 5 6 

O .024 

O.144 

O.088 

0 544 
0 . 9 6 4 

0 .152 

A
v

er
ag

e.
 

0 . 0 2 8 

0 . 0 2 8 

O.052 

O.024 

0 .132 

0 . 0 8 4 

O.544 

0 . 8 6 4 

O. 148 

THE AMOUNT OF AMMI 

IN PARTS PER MILLION. 

Albuminoid ammonia. 

O
rd

in
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y 
m
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h

o
d

. 

O .088 

O.072 

O. 112 

O.064 

O.432 

O.144 

O.288 

0 . 1 6 0 

0 . 1 0 4 

1 

S
u
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h
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m
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. 

0 ,096 

0 . 0 5 6 

0 . 0 9 6 

0 . 0 5 6 

0 .432 
0 . 1 2 8 

0 . 2 8 8 

0 . 1 5 2 

0 . 0 9 6 

A
v

er
ag

e.
 

0 . 0 9 2 

0 . 0 6 4 
0 . 1 0 4 

0 . 0 6 0 

0 . 4 3 2 

0 . 1 3 6 

0 . 2 8 8 

0 . 1 5 6 

0 . 1 0 0 

Total ammonia. 

O
rd
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O. 104 
O.096 

O . 160 

0 . 0 8 8 

0 . 5 5 2 
0 . 224 

0 .832 

I .024 

0 . 2 4 8 

ac
id

 1
 I 
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0 . 1 3 6 

0 . 0 8 8 

0 .152 

0 . 0 8 0 

O.576 

0 . 2 1 6 

0 . 8 3 2 

I .016 

0 . 2 4 8 

A
v
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e.
 

0 , 1 2 0 

0 .092 

O.156 

0 . 0 8 4 

O.569 

O.220 
O.832 

I .02O 

O.248 
1 J. Inject. Dis., 1904, I, 327. 
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so-called albuminoid ammonia, a series of waters were analyzed with and 
without the addition of sulphuric acid. The results of the analyses of 
nine typical Illinois waters as given in Table III show that the sulphuric 
acid has no appreciable effect on the amount of ammonia obtained. While 
the results are not identical, the variations are within the limits of ex
perimental error. 

URBANA, I I I . 

THE COMPOSITION OF SOME GREEK VASES. 
BY W I L L I A M FOSTER. 

Received Ju ly iS, 1910. 

The purpose of this article is to give an account of some chemical tests 
made in order to determine the nature and composition of the black 
glaze of the black-figured and red-figured Attic styles and the red glaze 
of the Mycenaean style of vases. 

This investigation was undertaken at the request of my colleague, Dr. 
O. S. Tonks, who is interested in Greek pottery from the standpoint of 
an archaeologist. 

Guided by the results of these chemical tests, Tonks has confirmed 
some of the observations by synthesis, a partial account of which has 
already been published.1 

i. Experiments with the Black Glaze. 

(1) Historical Introduction.—The nature and composition of the fine 
black glaze on Greek pottery has been a subject of discussion and more 
or less speculation for many years. As far back as 1761 Caylus,2 as a re
sult of his investigations, claimed that the glaze was made up of a fer
ruginous earth, which he classified as manganese. He claimed that this 
substance baked red, but could be rendered black by an admixture of 
color, or other earths. 

According to Blumner,3 some later investigators have advanced theo
ries that the materials of the glaze might be graphite and magnesia, that 
the glaze is made up of an earth but not a metal, and that a combination 
of the oxides of iron and manganese may have produced the black. 
Blumner claimed, however, that the real nature of the black color had not 
been finally determined. 

Of the earlier experiments carried out with a view to discover the 
composition of the glaze, perhaps those of Salv^tat,4 at the Sevres pot
teries, are the most worthy of consideration. While Salv6tat, in reporting 

1 Tonks, Am. J. Archaeology, 12, 417 (1908). 
2 Recueil d' AntiquiUs, 1, 86-7. 
3 " Technologie und Terminologie der Gewerbe und Kiinste bei Griechen und 

Romern, II, pp. 746. The work done up to 1879 is here summarized. 
4 Brongniart, "Traiti des Arts Ceramiques," I, pp. 549-52. 


