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values cannot be considered as nearer the truth than about 10’. The 
limits of the actual obs~rvnlions average about 20’ on each side of tllc 
mc:ln VillllCS given. But the msults are quite conclusive as to the 
identity of the so-cslled “ isoxylepidenic acid ” with ordinary ox-lc- 
pidcnic acid. The disposition of the fnccs was in all cnscn similw, 
E being invariably the best developed face, and the optical properties 
of the two preparations were iden ticd. In the CCH~ of the l)r’.l>i~ri~tion 
nl;lrl;ecl oxylt~ldzmir: acitl, the crystals rarely showed the faces FZ and 
f, but, this, Ivllich oftcat\ lwppens with diiferent, preparations of the 
sanw ~ulxtance, was the onI3 point of diffewncc observed. 

L.-Action of Carbon MonoxbJe on Nickel. 

By LUDWIG MOND, Dr. CABL LANGER, and Dr. FRIEDRICH QUKNCKE. 

WHEN carbon monoxide is passed over finely-divided metallic nickel 
at a t,emperature between 350” and 450”, carbon dioxide is formed, 
and a black, amorphous powder is obtained consisting of nickel aud 
carbon. The composition of this powder varies very widely with the 
temperature employed, and still more according to the time the 
operation has been carried on. A small quantity of nickel can 
decompose a very large amount of carbon monoxide. At the com- 
mencement, a fast current of carbon monoxide is completely changed 
into carbon dioxide by at comparatively small quantity of nickel. 
By-and-by, the change becomes less complete, but the gas may be 
passed for several weeks before carbon dioxide ceases to be formed. 

We have in this way obtained- a product containing as much as 
85 per cent. carbon and 15 per cent. nickel. By treating this 
product with acids, a certain portion of the nickel goes into solution; 
but we have not been able to extract the nickel completely, the 
minimum quantity remaining after treatment with concentrated 
sulphuric acid being 5.59 per cent. ; by treatment with dilute hydro- 
chloric acid, 9-30 per cent.* 

In order to determine the nickel in this substance, we have heated 
it with concentrated sulphuric acid to about !&NY, and then added 
nitrate of potash in small portions to oxidise the carbon. This was 
the only way by which we could obtain a perfectly clear solution, and 

+ &u&r and HoIlopeau (Contpb. rend., 108,1889, 1111) obtained a similar pro- 
duct containing 20’05 per cent. of nickel and 79’95 per cent. carbon, by actiug with 
bieulphide of carbon on metallic nickel. 
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from this the nickel was precipitated in the usual way. The com- 
bustion of the substance with copper oxide or lead chromate in a 
current of oxygen did not give satisfactory results. 

The carbon contained in this substance is very readily attacked by 
steam ; at the comparatively low t.emperature of 3.iO”, hydrogen 
and carbon dioxide are obtained without a trace of carbon mon- 
oxide. 

When we allowed this substance to cool while a current of carbon 
monoxide was being passed over it, we noticed that the flame of a 
Bunsen burner into which the escaping gas was introduced became 
highly luminous, and when we hea(ted the tube through which the 
gas passed, we obtained a metallic mirror which proved to be nickel 
mixed with a small quantity of carbon. 

After further investigating this subject, we found that the gas 
contains a compound of nickel and carbon monoxide, which we 
propose to call. nickel-carbon-oxide. 

When a finely-divided nickel, such as is obtained by reducing 
nickel oxide by hydrogen at about 400” is allowed to cool in a slow 
current of carbon monoxide, this gas is very readily absorbed as 
soon as the temperature pas descended to about loo”, and if the 
current of carbon monoxide is continued, or if this gas is replaced by 
a current of an inert gas (such as carbon dioxide, nitrogen, hydrogen, 
or even air) a mixture of gases is obtained which contains upwards 
of 30 per cent. of nickel-carbon-oxide. After a time (with a moderate 
current of gas, about an hour), the quantity of this compound given 
off becomes less and gradually diminishes till it practically ceases 
altogether. The property of the nickel to form this compound is 
restored by heating it again to about 400”, and cooling it down; and, 
for a time, & yields the compound more abundantly after repeated 
use. When these mixtures of gases are heated above 150”, their 
volume increases and nickel separates, which, according to the tem- 
peratnre, is more or less contaminated with carbon resultiug from the 
a&ion of the nickel upon the carbon monoxide generated. 

After ascertaining that at a temperature of 180” nickel quite free 
from carbon is deposited, we have analysed these mixtures of gases, 
after -absorbing the excess of carbon monoxide by cuprous chloride, 
by passing them repeatedly through a capillary tube inserted in 
aniline vapour until the volume became constant, weighing the nickel 
deposited in the tube, and ascertaining the volume of carbon mon- 
oxide formed by this decomposition. This volume was found to be 
in the proportion of 4 to 3 to the volume by which the original gas 
had been increased, thus proving that one volume of our compound 
gives 4 volumes of carbon monoxide. We give the result of several 
analyses, which lead to the formula Ni(CO),. 
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Gas volume. 
After 
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Ni. 

----._--- A--- 

1. 28.3 cc... . . . . . . 59 *8 31.5 41’8 18 *o 
2. 43 ‘5 C.C.. . . , . . * . DG ‘0 

0 * 0260 grn m 
47’5 63 ‘3 32 07 O%I438 ,, 

For 100 C.C. of the nickel-carbon-oxide vaponr (gas volume-nitro- 
gen) this comes to- 

(1.) 405.9 C.C. CO and 0.2527 gram Ni. 
(2.) 400~5C.C. co and 0.2772 gram Ni. 

The formula Ni(CO)h requires 400 C.C. CO and O-2615 gram Ni. 
The vapour of nickel-carbon-oxide when mixed with other gases is 

not acted upon by alkalis or acids ; but it reduces a solution of copper 
chloride in ammonia, which becomes first decolorised and subsr- 
quently copper is precipitated from it. It also throws down silver from 
ammoniacal solutions of silver chloride. Chlorine decomposes it 
with formation of nickel chloride and carbon oxychlorido. Bromine 
has a similar action. An electric spark decomposes it slowly into 
nickel and carbon monoxide. The presence of this vapour in other 
gases is very readily shown by the luminosity of the Bunsen flame 
into which it is introduced; very small quantities still show red 
luminous streaks. 

If a mixture of gases containiag the vaponr of nickel-carbon- 
oxide is passed through a tube placed iu a refrigerating mixture of 

salt and ice, the nickel-carbon-oxide is condensed to a colonrlesu, 
mobile liquid of very high refractive power. 

To obtain some quantity of this liquid, a combustion tube is filled 
with nickel oxide, tlmoxide reduced at a-bout 400’ by hydrogen, cooled 
down to about 30’, and pure and dry carbon monoxide is then passed 
through this tube without further heating ,it ; the gas issning from the 
tube is passed through a y-tube surrouuded by a freezing mixture of 
salt and ice. The lower end of this tube projects through the vessel 
containing the freezing mixture, and is connected to a small flask in 
which the condensed liquid accumulates. The gas, which on leaving 
the y-tube still contains about 5 ~01s. per cent. of nickel-carbon- 
oxide, is collected, dried, and passed repeatedly over the nickel. 
When no more liquid condenses, the tube containing the nickel is 
heated up to about 400° in a slow current of pure hydrogen, cooled 
down again, and the operation recommenced. In this way we ob- 
tamed from 10 to 15 grams of liquid in each operation. 

The boiling point of this liquid, we found to he 43” at 751 mm. 
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pl’cssure. Tt,s sp. gr. is I.3185 at 17”; at - 2.5’ it solidifies, forming 
llectlle-shapc!d CrJSt:Lls. 

The liquid is soluble in nlcohol, but more readily soluble in 
bc~~~xene and chloroform. It is not nrtksd upon by dilute acids and 
alkalis or by concrnt,rnted b~drochloric acid. Conccutrated nitric 
acid and aqua r( ._ LtGa 0sitlil;c it. rc:lclilv. . 

\Vc have drtc~rulined tlie nick<11 in this liquitl by ynporising it in 
a current of h~clro,~en, a11d passing the v:tpour rcpcatcclly through a 
U-tube heated in allilillc ~apour, ;111(1 wc,iglling the nicbkel deposited ; 
a11d the carbon. by passill,~ thtl X-npour iu :L current of air over copper 
osicle, and wciplting t11c carbon diosido fo~*med. We have thus 
obtained the folIoI\-irtg results :- 

I. O-0917 gram substance gave 0.0306 gram nickel = 33.35 per 
cent. 

II. 0*09X gram substance gave 0*031C; gram nickel = 33.37 per 
cent. 

III. 0*2410 gram substance gave O-2556 gram CO? = 66.60 per 
cent. CO. 

IV. O-2672 gram substance gave 02736 gram CO, = 65.99 per 
cent. CO. 

The formula Ni(CO), requilys 34.34 per cent. nickel and 65.66 per 
cent. CO. The difference bctwtcn the calculated amounts and t,he 
amounts found is probably due to carbon monoside dissolved in the 
liyuid. 

The vapour density of the liquid dctcrmined by Victor Meyer’s 
method at 50” has given the follo\ving figures :- 

0.1052 gram substance displaced 14.4 C.C. air measured moist at 
1G” and iGS mm. pressure. 

From this it’ foIIows that the density is G.01. The formnla Ni(CO), 
requires 5.9. At a temperature of Go”, the v:rl>our of the liquid 
explodes violantly. This is the first determination of the vapour 
density of a compound of nickel, and shows the atomic volume df 
nickel to be near 58. 

We have at present no suggestion to offer as to the constitution of 
this remarkable compound, but it is our iutention to fully investigate 
this problem, and more particularly to study its action upon organic 
bodies. 

Numerous experiments made to obt#ain similar compounds of 
carbon monoxide with ot!her metals, notably with cobalt, iron, 
copper, and platinum, have only Icd to negative results, although 
they were carried out at temperatures from 15” to 750”. In experi- 
menting with specially purified metallic cobalt, we obtained in the 
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beginning a sm;~ll coloration of the Dunscn flame, whicl1 compI&ely 
disnl)pc:Lrcd after some time. In using conimercial cobalt, we 
obtXinct1 a gas wliich yicldcd’ met;lllic mirrors. These, however, 
consisted of pure nickel, nnd tli(l not show my of the reactions of 
C?0hdt. It S~CII~S t,llus possible to purify cobalt entirely from nicskcl 
by tlLci\tillg it, with carbon monoxide. The metallic mirrors which 
we obt:linc>cl from the nickel-carbon-oxide gave remarkably pure 

nickel renc*tions, and did not show a trace of any of the renct,ions of 
cobalt. The metal obtained from these mirrors by xolution iu acid, 

precipitation with ammonia, and reduction with hydrogen is a grey, 
metallic powder, the specilic grnvity of which we found to be 82834 
at 15.4’ and 8.2W8 at 15-l’. The very finely divided metal is easily 
soIublc in :\cids. 

We had obtained a small quautity of this pure metal from a con- 
siderable quantity of nickel which had been under treatment. It 
appeared to us worth while to approximately determine the atomic 
weight of this pure metal, as this might throw some light upon the 
elementary nature of nickel and its real atomic weight, which have 
recently been cal!ed in question by Kriiss and Schmidt, who 
expressed tho opinion that the latter was considerably below 
the accepted figure. If this opinion were correct, the atomic weight 
of the metal obtained by us would presumably differ considerably 
from the figur e obtained for nickel by previous investigators. For 
this purpose the mirrors obtained were dissolved in aqua regia, 
evaporated, redissolved in water, and ammonia added until the liquid 
was coloured blue, filtered, evaporated again, and heated in an open 
platinum crucible, with access of air, until the weight remained 
constant. The nickel oxide so obtained was then reduced by 
hydrogen (made by electrolysis), at a temperature of SOO”, until 
the weight remained constant. In thie way the following resnlts 
were found :- 

R&dUCd. Atomic weight. 
A 

(1.) &&l4 gram X0 O-1896 gram N’i 
calculated for 0 = 16. 

58.58 
(2.) 0.3186 ,, 0.2503 ,, 58.64 
(3.) 0.3391 ,, 0.2663 ,, 58.52 

These figures agree snfficiently well with the atomic weight aa 
determined by Russell (= 58.74) to justify the conclneion that the 
old nickel as we have known it for a great number of year8 ia a simple 
substance, the atomic weight of which lies verj near t0 the figure 
hitherto accepted. 


