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X L - O n  the Action of Nitric Acid upon Copper, Jfercuwj, etc., 
and on the injluence of the presence of Metallic Nityates. 

By J. J. ACWORTH. 

THE action of nitric acid upon metals is known to give rise to the 
evolution of lower oxides of nitrogen, or nitrogen itself, and finally to 
the formation of ammonia, as the case may be. The products of the 
decomposition are usually stated in  chemical text-books to be of a 
well-defined nature, and are expressed by definite equations. Several 
instances are known, however, from which the contrary must be 
inferred. 

Thus it is a common lecture-room experiment to exhibit the extinc- 
tion of a lighted taper in nitric oxide, obtained in the ordinary way by 
the action of nitric acid upon copper, but it has recently been observed 
that the gas so prepared sometimes causes the flame to burn with 
greater brilliancy than it does in atmospheric air. 

Again, it was reported a few years ago, that Liebig,  wishing t o  
exhibit the brilliant flash of light produced by igniting a mixture of 
nitric oxide gas and vapour of carbon disulphide, before the Court of 
Bavaria, had a smart explosion, much to his astonishment and dis- 
comfort. L ieb ig ,  I believe, attributed this mishap to some mistake 
on the part of his assistant, who, he thought, had handed him a ja r  
containing nitrous instead of nitric oxide. The matter, as far as I 
know, was never gone into further. It is probable, however, that 
the explosion may have been due to a mixture of nitrous and nitric 
oxide ; and with a view of throwing some further light upon the reac- 
tion which takes place when metals are acted upon by nitric acid, I 
undertook, a t  the instance of Dr. F r a n k l a n d ,  to re-investigate and 
t o  define the conditions under which the different gases are obtained. 

As the action of the acid was found to vary with the temperature, 
the experiments were, for the most part, conducted a t  the ordinary 
temperature, or a t  such a higher temperature as I found compatible 
with the slow evolution of the gases; whenever it differed from the 
normal, vix., 15" C., in any of the experiments to be described, it will 
be mentioned specially. 

For the evolution of the gases a simple nppara,tus was employed, con- 
sisting of a small flask, fitted with an  india-rubber plug, through 
which passed a dropping funnel and delivery-tube. At first the 
gases were passed through a second flask containing a solution of 
caustic potash, but as I found, on anatlysis of the gases collected 
d i r edy ,  that no absorption took place wheu potash was introduced 
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ACWORTH ON THE ACTION OF NITRIC ACID, ETC. 829 

into the laboratory-tube containing the gases, the second flask was 
abandoned. 

The gases, after the air had been displaced from the apparatus, were 
invariably collected over mercury. 

I n  a few experiments only, when the temperature was allowed 
somewhat to rise or when a stronger acid or a more concentrated 
solution of a salt had been used, I observed ruddy fumes of nitrogen 
tri- and tetroxide, which, as they act upon mercury, were not as a 
rule collected. 

Test-tubes 
were filled usually a t  intervals varying from ten to twenty minutes to 
half an  hour or more. 

l h e  analysis of the gases-for mixtures of two or more gases had 
invariably to be dealt with-was conducted in a Frankland’s gas appa- 
ratus. A portion was introduced into the laboratory-tube, then trans- 
ferred to the eudiometer and read off, the usual corrections for tempe- 
rature being made in each instance. The gas was next transferred 
back to the laboratory-tube, into which a small quantity of a saturated 
solution of caustic potash, and afterwards oxygen, had been introduced. 
The nitric oxide present in the mixture was converted into the 
next higher oxides, which were immediately absorbed by the potash. 
The excess of oxygen was removed by introducing a few drops of a 
concentrated solution of pyrogallic acid-potash being already present 
in the laboratory-tube-aud the remaining gas-volume ascertained by 
transferring back to the eudiometer-tube. After this reading the 
laboratory- tube was disconnected and thoroughly washed to free it 
from the alkaline pyrogallate, and after drying and refilling with 
mercury i t  was replaced in its usual position. I n  conducting the 
subsequent analysis, I was guided by the amount and the relative 
proportions of nitrous oxide and nitrogen present. If, for  iustance, 
the mixture was large enough and was thought to consist almost 
entirely of nitrous oxide, hydrogen was introduced into the laboratory- 
tube and the volume measured in the eudiometer. This mixture was 
then fired by means of the electric spark and the Contraction ascer- 
tained, which would, of course, be equal t o  the amouiit of nitrous oxide 
present. Occasionally, when no explosion could be obtained, and when 
the gas consisted almost entirely of nitrogen, a small volume of oxygen 
was introduced so as t o  ensure an explosion with the hydrogen. This. 
known volume of oxygen, multiplied by three, was subtractsd from 
the total contraction, the residual contraction then eqnalling the volume 
of nitrous oxide. The gas now consisted of a mixture of nitrogen and 
hydrogen. 

To ascertain the accuracy of the analysis, the volume of hydrogen 
consume4 in the contraction, and the total nitrogen present as nitrous 

The evolution of gas generally went on very slowly. 
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830 ACWORTH ON THE ACTION OF NITRIC ACID 

22;; 

oxide and nitrogen were determined. This was done by adding excess 
of oxygen and again exploding and ascertaining the contraction. These 
data enabled me then t o  verify the determinations of nitrous oxide 
and nitrogen in the gas. 

Whenever the least, uncertainty was felt as t o  the vdue of the 
results of an analysis, duplicate det'erminations were invariably made. 

For  all the experiments I used the ordinary concentrated acid of 
specific gravity 1.42 containing 60 per cent. of the anhydride, N,06 ; 
and whenever nitric acid is mentioned in this paper, this strength of 
acid is to  be understood. 

Observed 
pressure in Tempera- 

the baro- ture. 
meLer tube. 

Actioiz of Nitric Acid upon Copper. 

Experiinent I; -In t,his experiment 60 C.C. of concentrated nitric 
acid were diluted with 120 C.C. of water and 130 C.C. of this dilute 
(1 in 3) acid measured into the flask containing 15 grams of copper 
(in thin strips). This amount of dilute acid added should, according 
to the usual formula given for the action of nitric a-cid Gpon copper, 
have been rather more than sufficient to dissolve the 15 grams of 
copper, with evolution of nitric oxide gas. The temperature was 
about 10". Sample 
I was collected twenty minutes after the action commenced and sub- 
mitted to analysis, the results of which I will give in full, so as to 
illustrate the method adopted :- 

In two 01- three minutes gas began to come off. 

- -- 
Volume introduced ........... 
After absorbing nitric oxide.. 
Upon addition of oxygen.. .... 
After explosion .............. 

{ 
9 )  hydrogen.. .. 

Oxygen added ............... 
After explosion .............. 

I1 
I1 
I 
I 
I 
I 
I 
I 

'705 -75 
508 '4 
6'7'7 '4 
'710 *4 
883 -2 
766 *5 
912 * O  
778 *'7 

1 11.8" 
11 *go 
12 *O" 
12 *lo 
12 .lo 
12 -1" 
12.2" 
12.2" 

Corrected 
volume 
a t  0". 

198 *96 
10 *14 
20.3'7 
51 -9 

21'7 '04 
105 '51 
244.47 
117 *13 

The level in the barometer-tube at  reading I1 = 497.8. 
Reading I = 656.1 mm. 

The above analysis will be found on calculation to give :- 

Nitric oxide, 94.89 p. C. ; nitrous oxide, 4.27 p. c. ; nitrogen, -84. 

In order to save space, I shall not hereafter give the detaiis of my 
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UPON COPPER, MERCURY, ETC. 831 

numerous analyses, but merely the summary of the resultzi obtained in 

Percentage 
ofNitrous 

Oxide. 

a tabular form :- 

Percentage 
of 

Nitrogen. 
Time of collection. 

4 '27 
2 *11 
6 *04 

12 -70 
13.44 

Percentage 
of Nitric 

Oxide. 

*84 
1 '06 
1 -18 
2.86 
3 -25 

20 minutes after the evolu- 94 .89 '1 96.83 
tion began 

ditto 
,, 111. .. 
,, IV . .  . 
,, V .  . . 

40 minutes ditto 
1 hour ditto 
1 hour 15 minutes ditto 

92 *78 
84 -44 
83 -31 

-- 
Sample T 

,, 11 
,, 111 
,, IV 
,, V 
,, V I  
,, VII 

Time of collection. 

------ 
26 hours after reac- 
tion had commenced 

10 min. after sample I 
25min. ditto 
1 hr. 5 min. ditto 
1 hr. 20 min. ditto 
1 lir. 25 min. ditto 
2 hrs. clitto 

In  this experiment it is noticeable that after collection of sample 11, 
the percentages of nitrogen and nitrous oxide, and especially of 
the latter, gradually increased, whilst as a consequence, the perceiitage 
of nitric oxide gradually became less ; and had the experiment been 
continued, there is reason t o  believe that the percentages of nitrous 
oxide and nitrogen would have kept on augmenting, whilst the per- 
centage of nitric oxide would have continued to  diminish. 

Experiment II.-In this experiment 26 C.C. of nitric acid aiid 
104 C.C. of water were measured into the flask containing 15 grams of 
copper. The temperature of the diluted acid (1 in 5) was 17", that 
of the room about 10". The action throughout was very slow indeed, 
but regular. The evolution of the gas was so sluggish that none 
was collected, in order t o  allow f o r  the displacement of the air, till 
about 2+ hours after their action had commenced. 

'ercentage 
of Nitric 
Oxide. 
-- 
84 -91 

93 '22 
95 -09 
95 -27 
94 -28 
95 *48 
95 *96 

Percentage 
of Titrous 

Oxide. 
-- 
4 -56 

3 73 
3 *64 
- 
- 

3 -93 
3 -26 

Percentage 
Of 

Nitrogen. 

l o  *53 

3 -05 
1 *27 

- 59 - 78 

-- 

- 
- 

Remarks. 

The high percentage of nitrogen foiind in samples I and I1 is in all 
probability due t o  the nitrogen of the air which had not been ex- 
pelled entirely from the flask. This would also account, if we compare 
these samples with those which follow, for  the compa,ratively high 
percentage of nit,rous oxide, due to the convemion of some of the 
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832 ACWORTH ON THE ACTION GF NITRIC AClD 

Percentage 
of Nitrous 

Oxide. 

nitric oxide, by the oxygen of the air in the flask, into higher oxides, 
and their partial absorption by the liquid. Otherwise, omitting the 
analyses of samples I and 11, the relative percentages of nitric oxide, 
nitrous oxide, and nitrogen vary within very narrow limits throughout 
the whole experiment. 

It is to be noted also, that the amount of nitric acid used was not 
sufficient t o  dissolve much more than half the amoiint of copper 
present. 

Ezperiment 111.-This experiment is somewhat similar to experi- 
ment I, as regards the relative proportions of acid, copper, and water 
employed. The principal difference consists in the employment of a 
Sprengel pump to produce avacuum in the evolution flask previous to 
the introduction of the acid, in order to ascertain the influence which 
air, if present, had upon the composition of the gases first evolved, 
principally upon the percentage of nitrogen. 

120 C.C. of water were measured out into a flask containing 20 grams 
of copper, and the apparatus was then suitably connected with a 
Sprengel pump. As soon as a vacuum had been obtained, SO C.C. of 
nitric acid were run in through the stoppered funnel. 

Percentage 
of 

Nitrogen. 

. . . . . . . . ........ . . . . . . . . .... .. * .  .... .... 
* . . . . . . . 

14.33 
1'91 

29.30 
32'73 
32.75 
43-27 

Time of collection. 

1'23 
1.09 
4-93 
7-74 
7-38 

10'21 

Percentage 
of Nitric 
Oxide. 

As soon as evolution began 
10 min. after ,) 
30 min. after ,, 
1 hr. 15 min. after,, 
2 hrs. after Y Y  

Last portions of gas.. . . . . 

84 -44 
97 -00 
64 -27 
59 *53 
60 *87 
46 -52 

The conditions under which this experiment and experiment I were 
conducted are slightly different, for whilst in the latter case the ex- 
periment was performed when the atmospheric temperature was about 
10°,ia the former it was about 19". And again, in experiment I, 
the diluted acid was about the temperature of the room; in experi- 
ment 111 the addition of concentrated acid to the water in the flask 
caused still greater differences of temperature. 

For the rise in the percentsage of nitric oxide in sample 11, I am 
quite unable to account at present. Otherwise, in this, as in experi- 
ment I, the same facts will be observed, namely, that after collecting 
sample I1 the percentage of nitric oxide goes on steadily diminishing, 
whilst the percentages of nitrons oxide and nitrogen, and especially 
the former, continue gradually to increase towards the end of the 
experiment. 
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UPON COPPER, MERCURY, ETC. 833 

Percentage 
of Nitrous 

Oxide. 

27.60 

51-10 

On thinking over the altered circumstances capable of producing 
this relative difference in the percentage of gases evolved, it occurred 
to me that it was most likely due to the cupric nitrate which had 
become dissolved in  the acid solution. This led then to the next 
experiment. 

Percentage 
of 

Nitrogen. 

4-75 

8-69 

Action of Nitric Acid upon Copper in the preseiice of Cupi-ic Nitrate. 

Experiment .IV.-In this experiment the relative proportions of acid, 

43 C.C. of nitric acid were diluted with 86 C.C. of water, and in this 
This was 

Temperature of llie 

copper, and water were the same as in experiment, I. 

diluted acid 40 grams of cupric nitrate were dissolved. 
made to act upon 15 grams of copper as before. 
yoom about 13". 

Sample I .. ,. .. .. 
,, 11.. .. .. .. 

Time of collection. 

In the early part of the 

Towards the close of the 
reaction 

reaction 

-- I---__- 

Percentage 
of Nitrous 

Oxide. 

44 3'2 
48.17 
49-83 

Percentage 
of 

Nitrogen. 

8 *02 
8.313 
8.31 

-- 

Percentage 
of Nitric 

Oxide. 
-- 

67 -65 

4Q .21 

I n  another experiment, performed with the same quantities of 
materials, I observed similar results, viz., a large increase in the per- 
centages of nitrous oxide and nitrogen evolved. I concluded, there- 
fore, that this result could be due to nothing else than to the 40 grams 
of cupric nitrate dissolved, in the first instance, and secondly, to the 
nitrate produced by the aetion of the acid upon the copper. 

Experiment V.430 grams of cupric nitrate were dissolved in 104 C.C. 
of water, to which 26 C.C. of nitric acid had been added. When the 
nitrate had entirely dissolved, it was transferred to a flask contnin- 
ing 15 grams of copper. The reaction went on very slowly a t  first 
(the temperature of the room being about lea), so that the flask 
and its contents had to be gently heated to about 45", before a quiet 
reaction was set up. 

Sample I .. .. .. .. 
,, I1 .... .... 

I11 .. .. * .  .. ,, 

Time of collection. 

---- 
1 hour afber reaction began 
1+ hour ,, ,, 
2 hours ,, Y, 

Percentage 
of Xitric 

Oxide. 
-- 

47 -26 
43 -45 
41 -86 
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834 ACWORTH OM THE ACTION O F  NITRIC -4CID 

The gases were now evolved very slowly, and a tube placed to 
receive what gas might come off over night, was next morning found 
nearly filled, the apparatus being still perfectly air-tight. The analysis 
of this gas (sample IV) give :- 

NzOz = 36.61 p . ~ .  NZO = 54.15 P.C. N = 9.24 p.c. 

5 c c. of nitric acid, diluted with 5 C.C. of water, were then intro- 
duced. This caused no apparent action. Another similar quantity 
of dilute acid was next added, when a feeble action became percep- 
tible. Heated to about 40" a further quantity of gas was given off 
(sample V) which on examination gave :- 

NzOz = 20.541 P.C. NzO = 68.86 P.C. N = 10.6 

A more vigorcius reaction having been set up, sample VI of gas 
was soon after collected, and gave on analysis:- 

NzOz = 11.93 P.C. NZO = '75.62 P.C. N = 12.45 P.C. 

Some of the gas evolved was then collected in a test-tube to try its 
action on a glowing taper, The taper was immediately re-lighted, 
thus showing, independently of analysis, the very large percentage of 
nitrous oxide present. 

Soon afterwards sample VII was collected, which on analysis 
gave :- 

N,O = '76.01 p.c. N202 = 11.68 p.c. N = 12.31 p.c. 

The gases were now coming off very slowly. Two more samples 
were collected a t  different times. 

N202 = 15-39 p.c, 

Sample VIII gave :- 

NzO = '73.45 p.c. N = 11.16 p.c. 

After the addition of 6 C.C. of nitric acid, and application of gentle 
heat, sample IX was collected, which on analysis gave :- 

NzOz = 6.59 P.C. NZO = '79.94 P.C. N = 13.47 P.C. 

These results being produced with 89 grams of cupric nitrate, I 
thought it desirable to  see if the high percentage of nitrous oxide 
might not be still further increased by the employment of a nearly 
saturated solution of cupric nitrate. 

E':cpei+nent VI.---12(7 C.C. of a nearly saturated solution of cupric 
nitrate, a,nd 1.5 C.C. of nitric acid were measured out into the flask 
containing 15 grams of copper. 

The reaction began and went on quietly. 
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UPON COPPER, MERCURY, ETC. 835 

Sample I11 . . . . . . 
)) IV  . , . . ., 

Time of collection. 

1+ hour after sample I1 . . 
2 hOUY8 ), ,, . . 

Pewentage I Percentage Percentage 

Oxide. 1 Oxide. 1 Nitrogen. 
of Kitric of Pu'itrocs of 

Sample V . . . . . . . . 
VI .. .. .. * .  ), 

Sample I.. . . . . , . 11 hour after the reaction 32.13 
1 began I 

,, 11. .  . . . , . . I  2% hours ,, 3 )  j , 25.09 
I 1 

Given.. . . . . . . . . . . . . . . . . 1 9 '40 
'7'9.3 ,) ,. .. .. .. .. .. .. . . . . , 

I 

46 *52 

61 *66 

21 -35 

13 -25 

As the reaction went on very slowly, 10 C.C. of nitric acid were 
added, when it proceeded nwre quickly, but still very quietly. 

Time of collection. 
Percentage 

of Nitric 
Oxide. 

12 *06 
13 -26 

Percentage 
of Nitrous 

Oxide. 
-- 

z6 *48 
(6  *36 

Percentage 
of 

Nitrogen . 
-- 
11 -46 
10.38 

10 C.C. more of nitric acid were next added, and sample V collected 
Sample VI was collected when the reaction had soon afterwards. 

almost ceased. 

Time of collection. 
Percent s,ge 
of Kitxic 

Oxide. 
----I----- I------- 

~~ ~~~~ 

Pementage 
of Niti*ous 

Oxide. 
-- 

so *44 
82 -64 

~ 

Perceii tagc 
O f  

Nitrogen . 

10 *16 
9 .63  

The apparatus had to be left over night. Next day it was still found 
The 

The analysis of sample VlII 
perfectly air-tight, and 10 C.C. more of nitric acid were added. 
evolved gases were collected soon after. 
gave :-- 

Nz02 = 4.50 P.C. NzO = 85.33 P.C. N = 10.17 P.C. 

The apparatus was then opened, and 15 grams of fresh copper 
Sample VIII was collected about two hours after, and iat,roduced. 

gave on analysis :- 

NZOz = 13.89 P.C. NZO = 76.08 P.C. N = 10.03 
10 C.C. of nitric acid were next added, and sample IX collected soon 

after, which on analysis gave :- 
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836 ACWORTH ON THE ACTJON OF NITRIC ACID 

: 

The apparatus was now heated t o  about 60°, and sample X coI- 
lected about ten minutes afterwards. The analysis gave :- 

N202 = 20.40 P.C. N2O = 66-33 P.C. N = 13.27 P.C. 

Sample XI was collected when the reaction had all but ceased, and 
gave on analysis :-- 

Percentage 
of Nitrous 

Oxide. 
-- 

14 -44 
3'7 -72 
42 '50 
44 '24 
44 -57 
51 '11 

I had hoped that in this experiment I should have been able to 
eliminate the nitric oxide altogether. My efforts, however, in that 
direction have been unsuccessful. BuC 1: believe that by careful 
management as regards the strength of the acid and the temperature 
of the liquid (both of which must be found out by experiment), the 
nitric oxide might be eliminated, for there is no doubt that both tem- 
perature and strength of acid influence the relative percentages of 
the gases evolved, as experiment VII will show. 

Expel-inzent V1I.-The percentage of nitrogen in the preceding expe- 
riment having been found rather high, it was thought desirable to 
demonstrate that the atmospheric nitrogen had nothing to do with it, 
and the experiment was repeated in a vacuum by employing, however, 
more than double the amount of acid, which, together with a rise in 
temperature, will be seen from the analytical tables to  considerably 
influence the reaction. 

120 C.C. of a nearly saturated solution of enpric nitrate were mea- 
sured out into w flask containing 15 grams of copper. The flask was 
then connected with the Sprengel pump. As soon as a vacuum had 
been obtained, 35 C.C. of nitric acid were run in. This addi-iion of 
acid heated the liquid to about 30°, and soon caused a vigorous re- 
action. 

In the early part of this experiment, ruddy fumes of nitrogen tri- 
and tetroxide were evolved. 

Percentage 
of 

Nitrogen. 

5 *25 
6 *29 
6 '68 
6 '51 
6 *42 
5 *67 

-_I- 

Sample I . .  .. .. .. 
111.. .. . . * .  

,) 11.. .. .... .. 
,) I V . .  . . . . . . 
,, V . . . . . . .  * 
)) TI.. .. .. .. 

Time of collection. 

-- 
Soon after evolution began 
4.0 min. ,) 1 )  

1 hour ,, J 9  

1+ hour ), 9 )  

2+hours ,, 2 )  

Towards the close.. . . . . . . 

Percent age 
of Nitric 

Oxide. 
--- 

80 -31 
56 a 9 9  
50 -82 
49 *25 
49 01 
43 '22 
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UPON COPPER, MERCURY, ETC. 837 

Percentage 
of Nitrous 

Oxide. 

Action qf Nitric Acid Z L ~ O H ,  C o p p e ~  in preseizce of Potassic Nitrate. 

Bxperimerzt TIII.-As in the preceding experiments the presence of 
cupric nitrate had exerted so marked an influence, I thought it of 
some interest t o  try other nitrates, beginning with potassic nitrate. 

105 C.C. of a saturated solution of potassic nitrate, and 25 C.C. of 
nitric acid were measured out into the flask containing 15 grams of 
copper. The flask and con- 
tents were then heated to between 40"-50", when the reaction set 
up, the temperature of the room being 13". 

At first there was all but n o  reaction. 

Percentage 
of 

Nitrogen. 

Sample I .. ,. .. .. 

- 

,) r r . .  ...... 
)) 111.. .. .. .. 
) Z  I V . .  .. 0 . .  . 
) , V  ........ 

- 

Percentage 
O f  

Nitrogen. 

59 so7 
'72 26 
'73 '72 
73 -42 

-- 

Time of collection. 

Time of collection. 

1 hour after the reaction 

1Q hour ), 9 )  

2 hours ,, 9 )  

23 hours ,, > 9  

Towards the close . . . . . . 

began 

Percentage 
of Nitric 

Oxide. 

Percentage 
of Nitric 

Oxide. 

Sample I . . . . . . . . 
), 11.. .. .. .. 
yy I11 .. .. ,. .. 
), IV .. .. .. .. 

1 hour after reaction began 
1 4  hour ), )7 

2 hours ), )) 

3 hours )) Y ,  

I--I-- ~- 
94.75 j - j - 
94 -69 
94 -63 
93 -80 
88 '28 

~ 

Dur'ng the whole of this experiment the evolution continued to be 
very slow ; and the relative gas percentages remained very nearly the 
same throughout. The last sample of gas showed only a slight increase 
of nitrous oxide. This is due, in all prohLbiliby, to the cupric nitrate 
formed and dissolved in the liquid, and the results are very similar to  
those obtained in experiment 11. The inference, therefore, to be 
drawn from them is, " that the potassic nitrate in solution had little or  
no influence upon the evolution of the gases." 

Aetion of Nitric Acid upon Metallic Copper in presence of Ammonic 
Nitrate. 

Experinzent IX.-100 C.C. of a saturated solution of ammonic nitrate, 
10 C.C. of water, and 25 C.C. of nitric acid were measured out into the 
flask containing 15 grams of copper. The reaction soon began with- 
out the application of heat. 

19 Tl  
10 *05 
7 -01 
5 *89 

Percentage 
of Nitrous 

Oxide. 

21.22 
1'7 -69 
19 * 2'7 
20.69 
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838 ACWORTH ON THE ACTION O F  NITRIC: ACID 

after addition 8 '38 1 12 -10 

,, VI . . . . . . . . 1 1 hour after sample V . . 0 '29 , 30230 
I 

20 C.C. of nitric acid were then added; a vigorous a,ction was 
again set up, and a considerable elevation of temperature produced. 
After allowing the react'ion to go on for fifteen minutes, I collected 
sample V. 

'79 '52 

68'01 

I Percentage ' Percentage /Percentage 
Time of collection. I of Nitric of Nitrous of 1 Oxide. I Oxide. 1 Nitrogen. 

/---I--/-- ~ - - _ _  

The presence of ammonic nitrate seems here to be chiefly instru- 
mental in the development of a very high percentage of nitrogen. The 
percentage of nitrous oxide is, throughout, no doubt much higher than 
it would have been without the presence of the ammonic nitrate. Bnt  
how to account for this high percentage of nitrogen, and almost total 
elimination of nitric oxide, is, I think, not very easy, unless we suppose 
that the NH, of the ammonic nitrate is acted on by the nascent nitric 
oxide, according to the following equation :- 

4NH, + 3Nz0, = 6H,O + 5Nz, 

or, as I found in a subsequent experiment, that the action 6f zinc upon 
ammonic iiitrate gives rise to the formation of much nitrite, it may 
be explained also by the chemical heat splitting up the nitrite into 
wa.ter and nitrogen, thus :- 

NOZNH, =: N, + 2HZO. 

Another experiment performed without the addition of water gave 
similar results. 

Experiment X-In this experiment I ran 100 C.C. of a saturated 
solution of ammonic nitrate, 30 C.C. of a saturated solution of cupric 
nitrate, and 20 C.C. of nitric acid into the flask containing 15 grams of 
copper. 

As very little gas 
came off, after the lapse of an hour 10 C.C. more of nitric acid were 
added, which produced, however, but little effect. After leaving the 
action to go on for rather more than an hour, to allow for the displace- 
ment of the air, a gentle heat was applied till the temperature of the 
flask and its contents rose to about 60". Sample I was collected 
about fifteen minutes after, when the gases were coming off rather 
freely. 

The temperature of the room was about 13" C. 
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UPON COPPER, NERCURT, ETC. 839 

Time of collectmion. 
Percentage 

of Nitric 
Oxic!c. 

of Nitrous 
Oxide. 

Sample I.. , . . I5 minutes after heating 

of 
Nitrogen. 

23'22 76-09 
31.20 6 8 3 1  
31.60 66'87 

Sample I.. . . 
,, 11.. . . 

I I I 

2 hours after evolution began 9 -61 
4-5 hours ditto 5 .44  

The apparatus was allowed to remain all night, and next morning 
it was still found to be perfectly air-tight. 10  C.C. of nitric acid were 
added, which, however, produced scarcely any action. Heat was then 
applied, and sample IT soon after collected, which on analysis gave :- 

NZOZ = 1.14 P.C. NXO = 29.38 P.C. N = 69.48 P.C. 

After the evolution had continued for about an hour, sample V 
It was noticed that, whenever the lamp was taketi 

The temperature to which the 
was collected. 
away, the action went on sluggishly. 
flask was raised was about 50". 

The analysis of sample V gave the following results :- 
NzOz = 0.74 P.C. NZO = 34.84 P.C. N = 64-42 P.C. 

In this experiment the average amount of nitric oxide is less than 
1 per cent. This I think might have been anticipated on referring to 
the composition of sample VI of experiment I X  ; a large quantity of 
copper had, in fact, become dissolved, whereby the evolution of nitrous 
oxide was increased. I, therefore, tried to get in this experiment) 
as nearly as possible the same conditions under which the gases of 
sample VI in the preceding experiment had been collected, with 
what result will readily be seen by glancing a t  the analytical numbere. 

Action qf Xitric Acid upon Zinc in theymsence of Anzmonic Nitrate. 

Experiment XI.-150 C.C. of a saturated solution of ammonic nitrate 
were run into a flask containing 45 grams of pure zinc (in large 
st'icks). The reaction began 
immediately, and went oil regularly, but slowly. A quantity of zinc 
hydrate formed on the zinc, which did not, however, seem to hinder 
the reaction. 

5 C.C. of nitric acid were then added. 

I 

Time of collection. 
Percentage 
of Nitric 

Oxide. 
-- I-- 

Percentage 
of Nitrous 

Oxide. 

'7 -17 
5 *38 

-- 

Percent age 
of 

Nitrogen. 

83 '22 
89 *18 

-- 
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840 ACWORTH OX THE ACTION OF NITRIC ACID 

Time of collection. 

-- 
18 hour after reaction began 
2-3 hours ditto 
3-4 hours ditto 

5 C.C. more of nitric acid were then added, when the reaction again 
went on briskly, and the hydrate for  the most part dissolved. The 
tubes were examined from time to time ; they all gave indication of 
the presence of nitric oxide down to 2 per cent. 

The principal feature of this short experiment is the high per- 
centage of nitrogen. It is perhaps rather strange why the percentage 
of nitrous oxide should be so low. Probably an experiment performed 
with saturated solutions of ammonic and zincic nit,rates would give 
different results. 
I also find that zinc is acted upon by ammonic nitrate, without any 

acid being present, with evolution of 90-99 p. c. of nitrous oxide, 
the remainder consisting of nitrogen. The action, however, is ex- 
ceedingly slo w. 

Percentage 
of Nit,rio 

Oxide. 

4 -93 
'7 -74 
'7 '31 

Action of Nit& Acid upon hon presence of Ammoizic Nitrate. 

Expe-rul:ment XII.--120 C.C. of a saturated solution of ammonic 
nitrate and 5 C.C. of nitric acid were measured out into the flask con- 
taining 4 grams of steel foil. A reaction readily took place. 

Sample I.. . 
,) 11.. . 
), 111.. . 

Percentage 
of Nitrous 

Oxide. 
-- 

13 *60 
13 -16 
17.55 

Percentage 
Of 

Nitrogen. 

81 '4'7 
'79 *lo 
75-14 

~- 

There is nothing particularly noticeable in this experiment beyond 
what has already been stated in experiment XI. The results are, as 
might have been expected, similar t o  those of the previous experiment. 
A reddish-brown basic nitrate was left in the fla,sk. 

Action of Nitric Acid upon iwercury in presence o f  Ammonic Nitrate. 

Experiment XIIL-In this experiment I measured out 30 C.C. of 
a saturated solution of ammonic nitrate and 5 C.C. of nitric acid into 
the h s k  containing 6 grams of mercury. The action began and con- 
tinued very slowly. It was allowed to go on for the remainder of the 
day, and in the evening a test-tube was placed to receive the evolved 
gases (sampIe I). Next morning I found the tube full of gas, and 
the reaction still going on quietly. Sample I1 was collected during 
the second day. 
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UPON COPPER, MERCURY, ETC. 841 

Percentage I Percentage 

Percentage Percentage Percentage 
of Nitric of Nitrous O f  1 Oxide. 1 Oxide. 1 Nitrogen. 

Percentage 

Sample I.. ....... 5.20 92 -38 
,, 11.. ....... 1 4.05 1 :'?: 1 95-83 

Sample I .... 1 1+ hour after rettction began .. I 85 *!34 

,, 111.. .. Towards the end of the re- 85.94 
,, 11.. .. 2+ hours ,, )) .. , 91 -06 

action. 

The experiment was then left for a couple of days, when it was 
found that all the mercury had been dissolved, with the exception of a 
minute globule. This 
caused some slight fresh reaction to be set up. Crystals formed on 
the mercury, and at  length entirely covered the metal. To remove 
these crystals, I added 4 C.C. of nitric acid and 5 C.C. of water, and 
heated to between 30" and 35", when they dissolved, and the gases 
came off much more rapidly. 

Sample I11 was then collected, and sample IV a few hours after- 
wards. 

Six grams more of mercury were then added. 

Percentage Percentage Percentage 
of Nitric of Nitrous Of 1 Oxide. Oxide. 1 Nitrogen. 

1 5 4  12 '92 
lost. lost. 
none. 14.06 

Sample 111. . . . . . . .  2 '87 - 97 '13 
,, IV. .  ...... 1 1-85  1 -09 1 98.06 

In this experiment, more than in any other, the tendency to form 
nitrogen in the presence of ammonic nitrate was exhibited. Towards 
the close of the reaction the nitrous oxide had been totally eliminated, 
and the nitric oxide reduced to less than 2 per cent. I believe that 
nitrogen only would have been obtained had the necessary conditions, 
viz., proportions of acid, metal, and nitrate, been accurately known. 

Act ion  of Nit!& Acid upon Silver. 
Expel-imeut XIV.-In this experiment 15 C.C. of water, 5 C.C. of 

The silver was 
The tempe- 

nitric acid, and 5 grams of silver were employed. 
pure, and gmnulat,ed. 
rature of the room was about 19". 

The gases came off very slowly. 

Time of collection. 

I I-- I -- I 
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842 ACWORTH ON THE ACTION O F  NITRIC ACID 

The onIy points worthy of notice in this experiment are: lst, the 
high percentage of nitrogen ; and 2nd, the total absence of nitrogen 
trioxide, and (in sample 111) of nitrous oxide. No ruddy fumes were 
observed in the evolution flask. 

Experiment XV,-In order to test the action of nitric acid upon 
silver in presence of ammonic nitrate, I measured out 15 c.c of a 
saturated soIution of ammonic nitrate and 5 c,c. of nitric acid into a 
flask containing 5 grams of silver. The reaction was set up much 
sooner, and the gases were evolved at a much greater rate than in the 
Iast experiment. 

Time of collection. 
I 

SampIe I . . . 1 2 hours after reaction began . . 
,, 11.. . . 3+ hours ,, >, - '  
,, I11 ., , . 1 Towards the end of the reaction 

Percentage 
of Nitric 

Oxide. 

15 *96 
12 -97 

4 -07 

Percentage 
of Nitrous 

Oxide. 
-- 

I *40 
1 -04 
1 -28 

Percentage 1 Nit::gen. 

-I-- 
82 -64 
85 -99 
94 -65 

In  this experiment, as was to be expected, the ammonic nitrate 
gives rise to a high percentage of nitrogen. With silver the tendency 
to form nitrous oxide is not very marked, as throughout the experi- 
ment the percentage of this gas remained nearly stationary. 

At the suggestion of Dr. Frankland:  I also began t o  study the 
action of nitric acid upon metals in the presence of nitrates of organic 
baees. I obtained some rather curious results as far as I have gone ; 
but as I intend to continue my investigation in this direction, I will 
only briefly state one result already obtained. 

Actiorz of Nitlaic Acid uyon Mercury in presence of Nitrate of 
Ethy larnine. 

Experiment XU.-In this experiment 9 C.C. of nitric acid, 27 C.C. of 
water, and 20 C.C. of a solution of nitrate of ethylamine were mea- 
snred out into a flask containing 7 grams of mercury. As, however, 
110 reaction occurred, 10 C.C. more of nitric acid were added, The gas 
then came off, and appeared t o  be little soluble in the liquid. About 
an hour afterwards, however, scarcely a bubble escaped to the surface, 
as absorption took place before the gas had time to rise to the surface. 
After the lapse of a few hours, gas was again evolved, and was col- 
lected and analysed. It was found t o  contain- 

GOz = 29.73 p.c. NzO, = 11.86 p.c. N = 56.58 p-c. 
N,O = 1.83 p.c. 
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UPON COPPER, MERCURY, EY'C. 843 

Percentage 
of Carbonic 
Anhydride. 

39.35 
)) 11. .  .. .. 39 -90 

-_-_____--- 
Sample I . . , . . . 

To confirm this unlooked-for occurrence of a high percentage of 
carbonic anhydride, 

Eqerirneizt XVI I  was undertaken. In  this experiment I employed 
20 C.C. of water, 20 C.C. of nitric acid, 30 C.C. of the nitrate of ethyl- 
amine solution, and 8 grams of mercury. The experiment went on 
very similarly to the previous experiment. Sample I was collected a 
few hours aft,er the beginning of the reaction. Sample I1 towards 

Percentage 
of Nitric 

Oxide. 

11 -59 
11 *57 

Percentage 
of Nitrous 

Oxide. 

2 *68 
1 *05 

Percentage 
of Nitrogen. 

46 -38 
4'7 '48 

The carbonic anhydride of the latter experiments must of necessity 
be due to the carbon of the ethylamine. In  other respects the ethyl- 
amine acts, as was to be expected, in a manner similar to that observed 
in the case of ammonic nitrate. 

XU?%W%CWCJ. 

(1.) The action of cold and dilute nitric acid upon copper gives 
rise chiefly to the evolution of nitric oxide 90-95 p.c. Rise of tem- 
perature or increased strength of acid produces a more vigorous re- 
action. As the solution becomes saturated with cupric nitrate, the 
volume of nitrous oxide increases. 

(2.) Nitric acid acting upon copper, in,  presence of a strong or 
nearly saturated solution of cupric nitrate, gives rise t o  the formation 
of all but pure nitrous oxide-as much as 85 per cent. 

(3.) The presence of potassic nitrate has little or no influence upon 
the evolution of the nitric oxide from copper and nitric acid. 
(4.) The presence of ammonic nitrate gives rise to  the evolution 

chiefly of nitrogen and nitrous oxide, together with varying amounts 
of nitric oxide. 

(5 . )  The action of nitric acid upon zinc, in presence of alnmonic 
nitrate, gives rise chiefly t o  the formation of nitrogen gas. 

(6.) Iron gives similar results. 
(7.) Mercury, nitric acid, and ammonic nitrate, give nearly pure 

(8.) Nitric acid upon silver : chiefly nitric oxide and nitrogen. 

(9.) Silver and ammonic nitrate gives rise to the formation of 

nitrogen. 

Nitrous oxide is all but absent. 

nitric oxide, but chiefly of nitrogen (82-64 per cent). 

The action is, however, very sluggish. 

3 ~ 2  
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844 MUIR ON NITROSYL BROMIDE 

These experiments were made in the Gas Laboratory of the Royal 
College of Chemistry, South Kensington. I have t o  thank Dr. F r a n k -  
land and Mr. Valent in  for  the interest shown and the assistance 
they have rendered mo. 
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