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XXX.-& the OcclzcsioiL of B y d i v g e n  by Copper. 

By GEOR,GE STILLINGFLEET JOHNSON, Daniel1 Scholar.of King’s Collegc, 
London. 

IN the Chemical Society’s Journal (1876, 1, 178) the results of some 
experiments of mine on this subject are briefly recorded. I then 
arrived at the conclusion that rolled copper wire, when oxidised at 
the blowpipe and subsequently reduced in hydrogen a t  a red heat and 
allowed t o  cool in the gas, occluded hydrogen to.the amount of from 
0063 to  -0077 gram of hydrogen for 100 grams of copper ; the hydro- 
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HYDROGEN BY COPPER. 233 

geq being weighed as water, which was produced by igniting the 
charged metal in a current of dry air, and absorbed by a V-tube 
containing pumice moistened with strong sulphuric acid. 

I was induced to return t o  this subject by the appearance of a 
paper by Dr. Thudichnm (published in the Chemical Society's 
Journal for 1876, 2, 251), in which he gives the results of some 
experiments, by himself and Dr. Hake, showing that mere traces of 
hydrogen are occluded by freshly reduced copper, and that no appre- 
ciable error could be caused in organic analysis by the oxidation of 
such minute quantities of occluded gas. 

The results of a number of careful experiments have led me to 
adhere to the belief that  the occlusion of hydrogen by copper may be, 
and probably often is, the cause of serious error on tlie side of excess 
iii the determination of hydrogen in the ultimate analysis of nitro- 
genous organic substances. 

Dr. Thudichum has pointed out the great discrepancies which exist 
between various chemists, and even between the ahalyses of the same 
chemist, as regards the actual quantity of hydrogen occluded by 
copper. I will simply append the list gi\;en by him, with the addi- 
tion of his own name and that of a German chemist, 0. Lietzenmayer, 
who has recently attacked this subject in the Deut. Chenz. Ges. Be)"., 

'VI-eiqlit of copper. So i i iw  . IIydrogen occluded. 

11, 306-309. 

i LUO grams Oxide ...................... -0006 (Graham) 
.. Wire ...................... .0003 (Graham) 
.. New wire . . . . . . . . . . . . . . . . .  -0006 (Thudichum) 

.. Oxide .................... -0029 (Melsens) 
9 ,, ...................... -0200 (Melsens) .. Wire gauze.. ................ -0061 (Lietzenniejer) 

,. Wire re-oxidised and re-rcduced *0001 (Thudichum) i 
,, Rolled wire.. ................ 9074 (Johnson) 

The experiments of Graham and Thudichum, whose results I have 
accordingly bracketed together, were performed on an  entirely different 
principle from the rest, and cannot therefore be fairly compared with 
those which follow. Even allowing, however, for the fact that the 
first four numbers were obtained by removing the occluded hydrogen 
with Sprengel's pump a t  a red heat and measuring it over mercurF, 
whilst the last four were obtained by weighing it as water after 
oxidising i t  a t  a red heat in a current of dry air, there is still sufficient 
discrepancy between the results of experiments conducted upon similar 
principles to demand a careful examination into its cause. This dis- 
crepancy I hope to account for satisfactorily by the results of the 
following experiments ; but I will first point out two facts which are 
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234 JOHSSON ON THE OCCLUSION OF 

noticeable in the above table : first, the amount of hydrogen found is 
far greater in the second set of experiments than in the first; and 
secondly, the second method of experimentation is obviously the one 
which is best suited for settling the question a t  issue, viz., how far the 
occlusion of hydrogen by copper may influence the accuracy of resnlta 
obtained in organic analysis, inasmuch as the occluded hydrogen is 
sure to  meet with sufficient oxygen, in most analyses a t  all events, to 
convert it entirely into water. 

The first set of experiments, then, was undertaken with a view to 
place beyond doubt the answer to the question, whether copper does 
or does not occlude sufficient hydrogen to introduce a serious error in 
organic analysis. The experiments were conducted upon the same 
principle as before, viz., the copper was oxidised at  the blowpipe, 
yeduced in hydrogen, allowed to cool in that gas,* and the metal was 
then re-oxidised in a current of dry air, the water produced being coi- 
lected in a counterpoised V-t'ube containing pumice moistened with 
strong sulphuric acid. Further precautions were, however, taken to 
avoid the presence of extraneous moisture, atmospheric o r  otherwise, 
in the counterpoised drying-tube. For this purpose the air or oxygen 
in which the charged copper was oxidised was in all cases dried, not 
only by solid caustic potash and strong sulphuric acid, but also, and 
finally, by passing through a V-tube containing phosphoric anhydride. 
Any error due to  moisture contained in corks was also avoided, the 
front of each combustion-tube being drawn out and connected with 
the weighed pumice- tube by india-rubber tubing. In  every experi- 
ment the dry air or oxygen was drawn through the cold apparatus till 
the pumice-tube had constant weight, after which heat was at  once 
applied to the copper without in any way disturbing the connections. 

Occhsion of Eydrogen  by Copper in difererit sintes. 

The first conclusion arrived at was as fdlows :-When metallic 
copper is repeatedly oxidised and reduced by hydrogen in the same 
tube progressively decreasing quantities of hydrogen are occluded ti1 1 
a minimum (apparently constant) quantity is reached. Thus 47% 
grams of rolled copper wire yielded t h e  following weights of water i n  
R series of oxidations in the same tube, each oxidation being of course 
follomed by reduction :- 

Experiment I . .  .... 0.006 gram, 
9 7  11.. .... 0-0055 ,, 
>$ I11 ...... 0.006 ?, 

9 9  IV ...... 0.0045 ,, 
? >  V..  .... 0.0045 ,, 

* The hydrogen was displsccd from the tube by dry air. 
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HYDROGEN BY COPPER. 235 

37 grams of rolled wire yielded the following weights of water when 
treated in precisely the same way :- . 

Experiment I .  ..... 0.010 gram. 
3 )  11 . .  .... 0.0103 ,) 

7 7  I V . .  .... 0.004 ,, 
7 )  V ...... 0.004 ,, 

,, 111.. .... 0,0085 ,, 

It was couclusively proved in the above experiments that the purity 
of the hydroyeiz employed for reduction did not in any way influence 
the result as regards the quantity of that gas occluded by the copper. 
Hydrogen passed through solution of silver nitrate, and completely 
dried by PzOj, produced results apparently identical with that which 
had simply passed through one bottle containing strong sulphuric 
acid. It would appear from the following experiment that the 
amount of oxide on the surface of the copper a t  the time of its 
reduction in hydrogen materially influences the subsequent occlusion. 
18.8 grams of rolled copper-wire never ignited in air or oxygen, and 

presenting a clean metallic surface, was reduced in hydrogen at a red 
heat' and cooled in the gas. After intense ignition in  dry air for half 
an hour only 0.0013 gram of water had been collected, whereas the 
same copper, after being strongly ignited a t  the blowpipe and again 
reduced in hydrogen, yielded 0.0045 gram of water. 

Again, the same 37 grams of copper which were used in previous 
experiments and yielded when last oxidised after reduction only 0.004 
gram of water, having been strongly ignited in the blowpipe and 
again reduced, furnished 0.0115 gram of water a t  a red heat in air. 

It appears, then, that the pulverulent metal resulting from reduc- 
tion of oxide on the surface of the copper is the most active agent i n  
occluding hydrogen, and the progressively decreasing amount of gas 
taken up may readily be accounted for by the condermt ion  which this 
metallic powder undergoes when heated strongly in hydrogen gas, the 
final result being that much dense metal is produced and less surface 
is consequently offered for absorption. 

These deductions receive further confirmaticn from the following 
experiments :- 

16.1 grams of pulverulent copper, obtained by reducing 20.2 grams 
of copper oxide (prepared by igniting carbonate of copper) in hydro- 
gen at  a red heat and allowing the reduced metal to cool in that gas, 
yielded 0.032 gram of water when oxidised in a current of dry air. 
This is equivalent to -020 gram of hydrogen for 100 grams of copper. 

Even the finely-divided metal resulting from reduced oxide, how- 
ever, undergoes such condensation by repeated reductions in hydrogen 
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236 JOHNSOS O S  THE OCCLUSION OF 

that its occluding power is finally almost lost. This is clearly proved 
by these two observations :- 

(1.) 18.3 grams of copper, ibtained from the same source as that 
employed in the above experiments, viz., by ignition of cupric car- 
bonate, but which had been frequently oxidised and reduced, was 
once more oxidised by strong ignition in the blowpipe and then 
reduced in hydrogen a t  a red heat and allowed to cool in t>he gas. 
Only fI03.5 gram of water was obtained on heating the reduced metal 
to redness in a current of dry pure air. 

(2.) 16.6 grams of copper, from the same source and subjected to 
the same treatment as the above in every way, yielded only 0.009 gram 
of water in one experiment and 0.0055 gram H,O in a second experi- 
ment, when oxidised in air, after reduction in hydrogen. 

But it was noticed that in the above experiments that a potash-bulb 
placed between the pumice-tube (for absorption of watek) and the 
aspirator underwent an increase in weight each time the copper was 
ignited in air, and that not only in the case of reduced oxide, but also 
when rolled copper wire was made use of. The contents of the 
potash-bulb (which had been filled with pure potash) mere found on 
analysis to consist not of potassic carbonate, but yotnssic sdphccte ; and 
as the weight of the bulbs was quite constant when dry air was passed 
through the apparatus in the cold, this sulphuric acid was accounted 
for by oxidation of sulphur contained in the copper. A possible source 
of error, leading to an exaggeration of the weight of hydrogen really 
occluded by the copper, was here detected, viz., the retention of 
S03-vapour by the sulphuric acid contained in the pumice-tube, lead- 
ing to an increase in its weight not due to water produced by oxidation 
of occluded hydrogen. 

With a view to determine the absolute weight of hydrogen occluded 
by copper under very favourable circumstances, and a t  the same time 
to  ascertain if possible how far the error above-mentioned might have 
affected the accuracy of previous results, the following experiment 
was executed :- 

72.3 grams of copper oxide, intended for organic analysis, was 
strongly ignited before the blowpipe, reduced in a current of hydro- 
gen in  a combustion-tube at as low a temperature as possible, and 
allowed to  cool in the gas. The finely-divided copper thus obtained 
(after displacement of the hydrogen by dry air) was now heated to 
redness in  dry air, the resulting vapours and gases being drawn 
by an aspirator through- 

(1.) A counterpoise V-tube Containing phosphoric anhydride. 
(2.) A counterpoise set of bulbs containing pure solution of potash. 
(3.) A counterpoise V7- tube containing pumice moistened with 

sulphuric wid. 
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HYDEOQEN BY COPPER. 237 

The P,05-tube increased 0,184 gram. Large drops of water were 
visible during t8he early stages of the process. The oxide employed 
was equivalent to 57.74 grams of metallic copper, so that the weight 
of hydrogen occluded was in the proportion of 0.035 .gram to 100 
grams of copper. Inasmuch as a portion of P,05 was converted into 
a paste by the moisture produced, it is quite possible that some SO, 
may have been retained and added to the weight of water in this 
experiment, but it is probable that the error thus produced is slight, for 
the potash-bulb, which was placed beyond the drying tnbe, underwent 
an increase of 0.023 gram, which agrees nearly with the results 
obtained in former experiments. Since the potash-bulb was provided 
with a small drying tube, the pumice and H,S04-tube beyond under- 
went no change in weight. 

Now as the weight of the above apparatus was unchanged in its 
various parts by the passage of dry air through it for one hour, there 
is no source of SO, or SO, in the form of gas, except the metallic 
copper in the combustion-tube (which must have been contaminated 
with sulphur). 

The contents of the potash-bulb after the experiment mere found to 
be free from nitrite, i.e., when acidulated with dilute sulphuric acid, 
the liquid produced no blue colour in a solution of starch and iodide 
of potassium, but abundance of sulphnte WAS found. 

It appears from the above results that the sulphur contained in 
metallic copper undergoes conversion into SO, when the metal is 
oxidised in dry air. Both the copper carbonate and the oxide of 
copper for organic analysis showed contamination with S by 
Ba(N03), added to their solution in HNO,. 

The following experiments, in which grrcnuZnted copper was em- 
ployed, illustrate the influence of surface upon the weight of hydrogen 
occluded on the one hand and that of repeated oxidation and reduction 
in diminishing the occlusive power on the other :- 

36.4 grams of granulated copper, after being roasted in air and sub- 
sequently reduced in hydrogen, yielded 0.0838 gram of water when 
oxidised in dry air. This is equivalent t o  0.0255 gram of hydrogen to 
100 grams of copper. 

Again, 46 grams of the same copper similarly treated gave 0.0995 
gram of water. 

The same copper, after four reductions, occluded hydrogen equiva- 
lent to 0.027 gram of water, or only one-third of'the origiual weight. 

The above experiments seem to establish beyond all doubt the fact 
that commercial copper does occlude hydrogen, sometimes in consider- 
able quantities, and apparently always in su6cient quantity to pro- 
duce a serious error in organic analysis. They also account quite 
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238 JOHNSON ON THE OCCLUSION OF 

satisfactorily for the discrepancies observed between the occlusive 
power assigned by various chemists to the metal. 

The following experiments, however, show that physical condition, 
or extent of .surfme offered by the metal, is not a sufficient explanation 
of the wide differences observed between the weights of water or  
hydrogen obtained from equal weights of reduced metal in the experi- 
ments 1 have just described. 

It occurred to me that the copper obtained by reduction of pre- 
cipitated oxide a t  a very low temperature, as in the experiments of 
Dr. Wright (Chmz. Xoc. JOZLY., p. 13 of this volume], would be in a11 
extremely advantageous form for occluding large quantities of hydro- 
gen. Accordingly I precipitated a boiling solution of pure sulphate 
of copper with some hot solution of pure caustic potash, and washed 
the precipitate by decantat'ion with boiling water almost daily for 
some weeks, till at  last, not only were the washings free from sul- 
phuric acid, but some of the oxide, when dissolved in pure nitric 
acid, gave no precipitate with solution of baric nitrate after standing 
for 48 hours. 

I found that this pure precipitated oxide of copper, after being 
dried in a tube a t  110" in a current of dry air, gave rather more than 
the calculated quantity of water when reduced in dry hydrogen at 
110". I subsequently discovered that this was due to incomplete 
drying of the oxide at  110". The oxide is not e ? ~ t i ~ Z y  reduced in pure 
dry hydrogen a t  110", and either the unreduced oxide o r  the freshly 
reduced metal retains some water a t  110", which it parts with at a 
higher temperature, but not a trace of hydrogen is occluded. These 
facts are established by the following experiments :- 

(1.) 3.792 grains of copper obtained by reducing pure precipitated 
CuO in pure d r y  hydrogen a t  110" was heated to redness in dry 
hydrogen, a counterpoised V-tube, containing pumice moistened with 
sulphuric acid having been adjusted. After cooling in the hydrogen 
the copper had lost 0.025 gram ip weight, whilst tbe pumice-tube had 
gained 0.030 gram, or more than would be accounted for by oxygen 
in the copper. 

To ascertain whether hydrogen escaped unoxidised when the copper 
was heated to redness in air- 

(2.) Dry air was passed through a tube containing 3-65 grams of 
Cu reduced a t  110" (from same source as above) and then through a 
tube containing dry CuO, finally through a counterpoised pumice and 
sulphuric acid tube. The copper oxide was first ignited strongly, 
then the reduced copper, dry air passing all the time ; the pumice-tube 
increased 0.010 gram in weight. 

Hence 3.65 grams Cn evolred 0.01 gram H20 at red heat in air. 
It is clear that the water collected from the copper ignited in dry 
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HYDROGEN BY COPPER. 239 

air must either he due to retained moisture or  to the oxidation of 
occluded hydrogen, whilst the water obtained from the same copper 
when ignited in 7 ~ y d 1 - o p z  must be assigned to the same cause, or  t o  
the reduction of CuO unacteil upon at 110", but speedily attacked at  a 
red heat in hydrogen gas. Suppose the reduction a t  110" to be com- 
plete and hydrogen gas to be occluded by the reduced copper, it is 
evident that the hydrogenised metal will lose weight when heated to 
redness in  hydrogen without any formation of water; or, if it be 
capalde of retaining occluded hydrogen a t  a red heat, its weight will 
remain constant, provided that it has retained no nzoisture at 110". 
If it has retained moisture, but occluded no hydrogen, the loss it will 
sustain will be equal to the gain of a drying tube placed in front ; 
whilst, if the reduction a t  110" is incomplete and moisture has been 
retained as well, the gain by such a drying tube mill be much in 
excess of the loss of weight by the copper, and the latter was actually ob- 
served in the above experiments. Thus 3.792 granis of copper redvced 
from precipitated Cu a t  110" yielded 0.03 gram of water collected in the 
drying tube, whilst it lost 0.025 gram in weight. This experiment, 
then, clcarly proves that no hydrogen was occluded by the copper at 
l l O " ,  for, had the copper retained hydrogen, i t  would have lost weight 
cither equal to that gained by the drying tube or in excess of that 
quantity . * 

If 3.65 grams lose 0.01 gram H?O, 3.792 grams would lose ~0104 
gram H,O. 

Hence 0.0146 gram out of t'he 0.025 gram lost by 3.792 grams of 
Cu reduced at  l l O o ,  when heated to redness in dry hydrogen, would 
be due to oxygen retained by the copper a t  110" in hydrogen, whilst 
0.0196 gram of the water collected and weighed would be due t o  the 
product of combination of that  retained oxygen with hydrogen a t  a red 
heat ; and the theoretical quantity so produced would be 0,0163 gram. 
It is obvious that had hydrogen been occluded a t  l l O o ,  which was 
evolved in hydrogen a t  a red heat, the loss by the copper in the above 
experiment would have been in excess of the gain by the pumice-tube, 
whereas the reverse was actually observed. Hence water, not hydro- 
gen, is evolved in hydrogen a t  a red heat by copper reduced a t  110" in 
hydrogen. 

(3.) It was proved that the same copper, after being subjected to a 
red heat in  hydrogen and cooled in the gas, had not occlcded hydro- 
gen even at that temperature ; for, when it  was oxidised in dry air a t  a 
red heat,, a pumice-tube placed in front had a perfectly constant weight. 

(4.) Even i f  the pure precipitated oxide of copper be strongly 
* The hypothesis that reduced spongy copper may contain occluded hydrogen in 

presence of unreduced copper oxide is not here discussed, since the existence of 
such a phenomenon cannot be proved by the method of experimentation employed. 
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240 JOHNSON ON THE OCCLUSION O F  

heated in air before being reduced in hydrogen, the spongy metal, 
whether the reduction be a t  a high or low temperature, appears to 
occlude none of the gas. 

Thus, then, the most finely divided metal conceivable does not 
occlude any hydrogen, which clearly proves that some other influence 
governs the occlusion of hydrogen by copper, besides the mere state of 
subdivision in which the metal happens to he at  the time when it is 
reciuced in the gas. 

Remembering the interesting results obtained by Prof. Gladstone 
and Mr. Tribe (Chern.  Xoc. Jour., 33, 308) upon the reducing action 
of hydrogenised copper on potassinm chlorate, &c., I reduced some 
coinrnon copper oxide (intended for organic analysis) in hydrogen in 
the usual way, washed it with boiling water till the washings gave no 
precipitate with silver nitrate solution. After boiling this reduced 
pulverulent metal with some pure potassium chlorate for half an hour 
abundance of chZoricle was detected in the supernatant liquid. On the 
contrary, the pulverulent metal, obtained by reduction of precipitated 
copper oxide at  110" in hydrogen, produced no chloride after boiling 
for one hour with the same potassium chlorate. Thus finely divided 
copper itself appears to be without action upon a boiling aqueous 
solution of potassium chlorate, whilst the conclusion that this form 
of the metal does not occlude hydrogen receives confirmation from the 
above experiments. Moreover, the reduction of potassic chlorate by 
hydrogenised commercial copper was proved to be due to its occluded 
hydrogen, and not to couple-action of metallic impurities, br the fol- 
lowing experiment :- 

Some of the commercial (impure) copper oxide employed in the 
Rbove experiment wits reduced in hydrogen in the m u d  way. It was 
then dividedinto two equal portions, one of which was simply freed from 
its contained chlorides by washing, whilst the other was first ignited 
in pure nitrogen, allowed to cool in that gas and then washed with 
water. The two portions of pulverulent copper thus prepared were 
1 1 0 ~  boiled with equal volumes of the same solution of pure potassic 
&&rate. The supernatant liquors being tested with solution of silver 
nitrate, that above the hydrogenised copper showed evidence of reduc- 
tion of its chlorate by the precipitate of silver chloride which it yielded, 
whilst that which had been boiled over the copper freed from occluded 
hydrogen by ignition in nitrogen yielded no precipitate with silver 
nitrate solution. 

Behauiour of Eyclrogenised Coyyer in d i f e r e n t  Gases. 

Having now definitely answered the question whether commercial 
copper recently reduced in hydrogen occludes that gas, my attention 
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HYDROGEN BY COPPER. 24i  

was next directed towards offering some explanation of the vast dis- 
crepancy between the results obtained by chemists who heat t4he 
charged copper in a current of dry air and those produced by the 
mehhod of heating to redness in a vacuum and measuring the gas 
evolved by the Sprengel pump. The explanation which naturally 
uggested itself was, that the charged copper refuses to part with its 

occluded hydrogen a t  a red heat in a vacuum. Accordingly I made 
some experiments with a view to ascertain whether the hydrogenised 
copper would retain its occluded gas when heated to redness in a cur- 
rent of gases which have no oxidisiiig action at  high temperatures. 
The first gas tried was carbonic anhydi-ids. It soon became manifest, 
however, that this gas was quite unsuited fo r  the purpose; for in 
several experiments quite ponderable quantities of water wcre evolved 
by recently reduced copper when heated to redness in a current of dry 
CO,. Thus, 27 grams of copper yielded in one experiment 0.009 gram 
H,O; in another, 0.013 gram; in  another, 0.011 gram. The only 
possible explanation of these results being that the hydrogen was 
oxidised by the CO, at  the temperature of the Hofmann’s furnace, the 
following experiments were undertaken, in  order to ascertain whether 
this reaction was dependent upon the presence of a metallic surface, or 
whetherit would take place when the two gases were simply subjected 
t o  a high temperature in presence of some indifferent body. 

By means of a T-shaped tube, a stream of mixed carbonic anhy- 
dride and hydrogen gases was passed through the following purifying 
apparatus :-(1.) A solution of sodic bicarbonate. (2.) A solution of 
silver nitrate. ( 3 . )  Two pumice-tubes containing strong sulphuric 
acid, and (4.) A U-tube containing phosphoric anhydride. The puri- 
fied gases were next conducted through a combustion-tube filled with 
fragments of broken porcelain, and finally through a tube containing 
pumice and sulphuric acid. The weight of this last tube was taken 
when filled with hydrogen ; and this gas was always passed in the 
cold till the counterpoised tube had a constant weight after one hour 
before each experiment. The apparatus being thus proved to be in 
thorough working order, the mixed gases (CO, and H) were conducted 
through the combustion-tube together, the temperature being kept a t  
red heat for a given time, after which the supply of carbonic anhy- 
dride was stopped and the dry hydrogen passed alone for some time ; 
the pumice-tube was then again weighed full of hydrogen, the increase 
giving of course the weight of water produced during the application 
of heat :- 

I n  Experiment I, 0.047 gram of H,O was produced in 14 hours. 
:, 11, 0.030 >, 9 ,  1li > 9  

,, 111, 0.060 9 9  9 ,  7 7  9 ,  
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242 JOHNSON ON TKE OCCLUSION OF 

These results were considered to prove satisfactorily that hydrogen 
is slowly oxidised by GO, a t  the highest temperatures of the combus- 
tion (Hofmann’s) farnace. The gases were not drawn. through by an 
aspirator, but were driven through from behind by the pressure pro- 
duced in gas generators.* 

Even when the utmost 
precautions were taken to purify this gas, small quantities of water 
appeared to be produced during ignition of the hydrogenised copper 
therein, and this even when an alkaline pyrogallate was employed to 
remove traces of oxygen. Thus 46 grams of granulated copper when 
ignited in the dry pure gas yielded 0.008 gram H,O, or a t  least there 
was so much increase in the weight of a counterpoised pumice and 
H2S04-tube, whose weight had been constant for one hour whilst the 
CO was passed in the cold. The same copper, however, after being 
cooled in the GO, was ignited stronglyin a current of pure dry air and 
yielded only 0.001 gram of water ; whilst, after being again reduced 
in dry hydrogen, cooled in that gas and ignited in dry air only, it 
yielded 0.027 gram of water. Hence the copper cannot retain its 
occluded hydrogen in a current of carbonic oxide gas ; for the occlu- 
sive power of the copper in the above experiments was proved to be 
equivalent to 0.027 gram of water, whilst only 0.009 gram H,O was 
produced from it by alternate ignition in CO and dry air ; therefore 
two-thirds of its occluded hydrogen must have escaped unoxidised 
during the ignition in carbonic oxide. 

The same result was obtained by employing nitrogen carefully puri- 
fied. No water could be obtained by igniting in dry air copper which 
had been heated to redness in pure nitrogen, and allowed to cool in 
that gas, after being previously charged with hydrogen. 

It appears, then, that hydrogenised copper cannot retain its occluded 
gas when ignited in a current of carbonic oxide or nitrogen. 

I now repeated the experiments of Graham and Thudichum, and 
obtained precisely similar results. Mere traces of hydrogen were col- 
lect8ed (in most experiments) by the Sprengel pump. 

The retention of hydrogen by freshly reduced pulverulent copper 
heated to redness in  a vacuum is proved by the following experi- 
ment : - 
35.3 grams of powdered oxide which had been made into a paste 

with nitric acid, fused  and then powdered in a mortar, were reduced in 
puye dry hydrogen and allowed to cool in the same gas. The tube 
containing tlie freshly reduced metal was now exhausted by Sprengel’s 
pump, and its temperature raised to the full red heat of a Hofmann’s 

* Reduction of COz by H a t  a red heat : vide Watts’ Diet., article “ Marsh-gas ;” 
item Lowthian Bell, “ Chemical Phenomena of Iron-Smelting,” pp. 122-126. 

Reduction of CO by I1 a t  a red heat : vide I. L. Bell, Zoc. cit., p. 131. 

The next gas employed was carbonic oxide. 
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HYDROGEN BY COPPER. 243 

furnace. The tube having remained vacuous and collapsed for one 
hour, no measurable gas was collected. The copper, having cooled in 
the vacuous tube, was now introduced into a dry combustion-tube and 
ignited in carefully dried air, when 0.062 gram of water was collected 
a=d weighed. 

Tn a similarly conducted experiment, 23-47 grams of copper oxide 
yfelded 0.037 gram of water after reduction in hydrogen, ignition in a 
vacuum, and final oxidation in dry air. 

The fact that hydrogenised copper parts with its occluded hydrogen 
when ignited in a current of nitrogen gas, was made use of to afford 
corroborative evidence that the hyclroyen. and not simply water is oc- 
cluded by copper reduced from its oxide by that, gas. 

Samples of commercial copper oxide were reduced in hydrogen as 
in previous experiments a t  different temperatures, and afterwards 
ignited in dry pure nitrogen gas, carefully freed from oxygen, the 
gases issuing from the combustion-trzbe being conducted through 
(1) a counterpoised sulphuric acid tube, (2) a tube containing ignited 
oxide of copper, and (3) a second counterpoised sulphuric acid appa- 
ratus. I t  waa found that when the reduction of the metal had been 
effected a t  temperatures below 700°, water was always evolved, and 
caused an appreciable increase in. the weight of the first drying bulb ; 
whilst the second drying tnbe also showed evidences of hydrogen 
occluded as such in the copper, evolved in the nitrogen and oxidised 
by the ignited copper oxide. On the other hand, when the tempera- 
ture of reduction was increased to a red heat, and when the hydrogen 
was passed a t  that temperature till no  powderable water was evolwd, the 
first drying tube retained a constant weight during the ignition of the 
copper in nitrogen, whilst the second tube appreciably increased in 
weight, visible drops of moistsure being often observed in front of the 
red-hot copper-oxide tabe. 

A very probable explanation of the discrepancy between results 
obtained by Drs. Thndichuni and Hake and my own, has been offered 
by my friend Dr. C. R, A. Wrigbt (to whom I am al'so indebted for 
several other valuable suggestions), viz., that some of the occluded 
hydrogen may be oxidised by unreduced suboxide of copper, retained in 
the deeper strata of the metal, such oxidised hydrogen, of course: 
escaping detection by the process of SprengeEising the hydrogenised 
copper. And this explanation is rendered addihionally probable by 
the observation that copper reduced a t  low teinperakures yields water as 
well as hydrogen when ignited in a stream of pure nitrogen ; for  it is 
at least as plausible an explanation of this fact to assert that some 
suboxide of copper which escaped reduction at that low temperature, 
became reduced by a portion of the occluded hydrogen evolved a t  the 
higher temperature of the ignition in nitrogen with production of 

s 2  
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244 FRAPI'KLAND AND LAWRANCE ON 

water, as to say that this water had been occluded in the metal as 
such. 

The practical result, however, arrived at by the above experiments 
is sufficiently obvious, viz., that  it is unsafe to employ copper freshly 
reduced in hydrogen for the reduction of oxides of nitrogen in organic 
analysis, unless the metal be previously ignited in nitrogen gas. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
79

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

at
 C

hi
ca

go
 o

n 
22

/1
0/

20
14

 0
5:

40
:2

2.
 

View Article Online

http://dx.doi.org/10.1039/ct8793500232



