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XLVI.-.On a Nau Series of Organic Compounds contuining Boron. 

By Dr. E. FRANKLAND, F.R.S. 

[From the Philosophical Tranaactions for 1862.3 

(Abslract.) 

THE substitution of a compound organic radicle for an elementary 
constituent in inorganic compounds has proved itself to be one of 
the most important and fertile fields of modern chemical investi- 
gation. The application of this species of substitution to the 
inorganic compounds of metals has called into existence an entirely 
new and extensive family of organic substances- the organo- 
metallic compounds-bodies never met with in nature, distin- 
guished by well-marked affinities, and capable in some instances of 
effecting, in their turn, numerous substitutions of a like character. 
The realization of a similar substitiition in the case of certain 
inorganic compounds of nitrogen and phosphorus, has, in the 
hands of H ofman n, not only enriched the science with a host of 
new and interesting compounds, but has also brought our know- 
ledge of the organic bases to a degree of completeness, which can- 
not be rivalled in any other class of organic compounds. Lastly, 
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364 FRANKLAND ON A NEW SERIES O F  

attempts liare riot been wanting to estend these reactions to the 
oxygeri-com!)ouncIs of the metalloids ; arid alrhough this portion 
of the ficlil pescnts difficulties of a sorncwliat more formidable 
character, yet tlicec attempts have riot unfrcqiieiitly bccn attended 
wit11 succcss. Tlius iiitiic oxide has Ixcn transformcd into 
dinitroctliylic and diiiitromctliglic acids ;* sul1)liurous ariliydiidc, 
into ctli~~ioditliioiiic and mctliylotrithionic acids ;t anti carbonic 
anlijdridc into propionic aiid acetic acitls ++ 

The last-nnmcd rcrictioii, confirming, as it did, tlic view pre- 
viously cspresscd b y  K olbc arid niysclf,$ that organic compounds 
in geiicral arc nothiiig more tlian substitutions of this nature 
effcctcd in  csrboiiic oxide, in carbonic acid, arid possibly ill otlicr 
inorganic compounds of carbon, naturally amakencd a dcsirc to 
extend this iiiqiiiry to the oxygen-corn pounds of boron and silicon, 
which are usually regarded as poescssing certain important analogies 
with carbonic anhydride. With this end in. view, boracic ether 
was submitted to  the action of zincetliyl by Mr. D u p p a  and 
myself. We fourid that the wvholc of the oxygen in boracic acid 
became replaced by ethyl, and in a short communication to the 
Royal Society,(I we described some of the properties of the 
remarkable body, boric ethidc, thus formed. In  thc further 
study of this substance, and the extension of the research to the 
homologous methyl-compound, I much regret having beeri 
deprived of the co-operation of my  friend and fellow-labourer, 
who had rendered me such valuable assistance at  the commence- 
ment of the investigation, but who was reluctantly compelled to 
abandon its further prosecution. 

The first attempt to replace oxygen by ethyl in boracic anhy- 
dride was made by cxposing the latter in a finely pulverized 
condition to the action of zinccthyl at various temperatures, but 
it was found that the zincethyl was utterly pawerless to effect the 
lesired substitution ; neithcr did tlie anhydrous acid yield in the 
slightest degree to W anklyn’s compound of sodiumethyl and 
zincethyl, although it was digested and heated with i t  for several 
days. Therb could scarcely be a doubt that the intractability of 

* Philosophical Transactions for 1857, p. 59. 
.t. Journal of CLemical Society, vol. x, p. 55, and p. 243. 
$ Ibid. vol. xi, p. 102 ; and Proceedings of the Royal Society, vol. x, p. 4. 
$ Ann. Ch. Pharm. ci, 267. 

I1 Proceedings of the Royal Society, vol. x, p. 568. 

Proceedings of the Royal Institution of Great 
Britain for 1858. 
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ORGANIC COMPOUNDS CONTAINING BORON. 365 

tlic anliydridc was due in grcat mcasure to its total insoluldity in 
tlic surrounding l iqid,  and thcrcforc, in orclcr to place it uridcr 
conditions morc fiivourablc for tlic action of the orgmio-metallic 
body, it was convcrtcd into boracic ctlicr. 

Thc etlicr was preparcd by Rose's process,* wliicli consists in 
distilling an intimate mixturc of sulphovinatc of potash and dricd 
borax. The best proportions were found to be two parts by 
weight of borax, and tlirce parts of the sulphovinatc; but the 
yield of ctlicr was very small, the greater part of thc product 
consisting of alcohol. The removal of the latter by rcctification, 
as recommended by Rose, involved tlie loss of much ether; 
recourse was tlicrcfore had to chloride of calcium for its abstrac- 
tion, a method wliicli gave very satisfactory results, the product of 
pure.ether being morc than doubled. The following is a sketch 
of tlie proccas finally adopted :-About 3 lbs. of the miscd horan 
and sulphovinate of potash \-yere put into an ordinary Papin's 
digester, which was placed in 2, sand-bath and exposed to a vcrg 
gradually increasing heat so long as voltitile products camc over. 
The crude distillate obtained from several such operations was 
then treated with about one-fourth of its weight of fuscd chloridc 
of calcium, and agitated until the lattcr was dissolved. TIic liquid 
now separated into two layers, ti lower one coiisisting of an 
alcoliolic solution of cliloride of calcium, and an uppcr onc con- 
taining nearly all the boracic ether, which retained only a sinall 
proportion of alcohol in solution. The upper layer was tlccarited 
and submitted to distillation. It began to boil at about 8 5 O  C., 
but the thermometer soon rose to 118" C., between which t e m p  
ratiire and 125' C. the greater part of tlic remaining liquid passed 
over and was rcservcd for the pui*poscs of tlrc iiivestigation. A 
thick oily liquid remaincd in the retort, and appeared to consist 
of boracic acid united with a smaller proportion of oxide of ethyl. 

On adding zincetliyl to the boracic ether thus prepared, a 
considerable elevation of temperature gra(1ually occurred, whilst 
at the same time a most penetrating and psculiar odour was 
developed, due appareptly to the vapour of some volatile body, 
which not unfiequently burst into flame whcn the cork was 
removed from the flask in which the reaction took place. Some 
preliminary experiments showed that this volatile body could be 
distilled unchangcd from the mixturc, a i d  that it was neither 
miscible with, nor apparently decomposed by, water. It was also 

* Pogg. Ann. xcviii, 245. 
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366 FBANKLAXD ON A NEW SERIES OF 

epontaneouslp inflammable, and the beautiful green flame with 
which it burnt demonstrated the presence of boron as one of its 
constituents. 

I n  order to prepare this body in sufficient quantity, several 
OUIICRS of boracic ether were placed in a capacioiis flask closed by a 
doubly perforated cork. Through one of these perforations passed a 
thermometer, and through the other a short glass tube, one-fourth 
of an inch iu. diameter, and open at both ends: the bulb of the 
thermometer clipped into the boracic ether. Successive quantities 
of pure zincethyl were introduced through the short glass tube by 
means of a pipette, the elevation of temperature after each addition 
being allowed to subside before the next portion was added. The 
failure of a further addition of zincethyl to produce any rise of 
temperature was regarded as evidence of the completion of the 
reaction, which was not attained until a comparatively very large 
amount of' zincethyl had becn added. 

The liquid i n  the flask was now submitted to distillation in an 
oil-bath. It berm to boil at 04"C., and bctwecn this tcmperature 
and 140" C., a considerable quantity of a colourlcss liqnid distilled 
over. The distillation then suddculy stopped, and, to avoid 
secondary products of decomposition by the application of a 
greater heat, the operation mas intcrrupted. On cooling, the 
materials remaining in the flask solidified to a mass of large 
crystals of ethylate of zinc arid ziiicethyl. On rectification, the 
distillate began to boil at 70" C., but thc thermometer rapidly 
rose to 95", at which temperature the last two-thirds of the liquid 
pasmrl over and were received apart. The product thus collected 
exhibited a constant boiling-point on re-distillation. 

The combustion with oxide of copper of this liquid and the 
remaining boron compounds described in this paper, presented 
Some difficulties, owing partly to the volatility of boracic acid in 
aqueous vapour, and partly to the tendency of that acid when 
fused, to encase particles of carbon and prevent their oxidation, 
Fortiinately the errors thus ititroduced were not so considerable 
as to throw any doubts upon the analytical results, although in 
many cases the excess in the percentage of hydrogen arid the 
deficiency in that of carbon are somewhat greater than usual. To 
estimate the boron in the liquid obtained as above dcscribed, 
advantage was taken of the complete decomposition of the coni- 
pound when heated to 100" with concentrated nitric acid in sealed 
tubes. The whole of the boron was in this way conv'erted into 
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ORGANIC COMPOUNDS CONTAINISG BORON. 367 

boracic acid; but the latter could riot be determined by the direct 
evaporation of the nitric acid solution, the loss of boracic acid 
amounting in such an operation to 15 or 20 per cent. of the whole 
amount. n'one of the known processes for estimating this acid 
appeared to be eligible in the. present instance, and i t  therefore 
became necessary to  seek for a 'new one. After the trial of 
various methods W i t h  but indifferent success, it was found 
that the evaporation of the acid solution of boracic acid 
with a known weight of magnesia in excess, the residue being 
then ignited, presented a process which, although far from rigidly 
accurate, could not, in the case of the boron-compound to be 
analysecl, diminish the amount of boron to a greater extent than 
about 0-2 per cent. 

The analytical numbers agree with the formula 

as shown by the following table :- 

Calculated. Mean of analyses. 
F .. . 

c12 * . 72 73.55 73.15 
HI5 ' . 15 15.42 15.61 
B .  . 10.9 11.03 11.08 

97.9 100*00 99-84 
- -- 

The new body may be conveniently termed boric ethide. It is 
evidently formed by the replacement. of the three atoms of oxygen 
iu boracic acid by three atoms of ethyl, according to the following 
equation :- 

- 
Boracic ether. 

+ 6'i,51 0,. - - - 
Zincethyl. Boric ethide. Ethylate 

of zinc. 

The ethylate of zinc thus produced combines with zincethyl to 
form the crystalline compourid above alluded to. Hence the very 
large amount of zincethyl which was found necessary to complete 
the reaction. 
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368 FRANKLAND ON A NEW SERIES O F  

Boric ethide possesses the following properties :-It is a colour- 
less mobile liquid of a pungent odour; its vapour is very irritating 
to the mucous membrane, arid provokes a copious flow of tears. 
The specific gravity of boric ethide at 23" C. is 0.6961 ; i t  boils at  
95" C. A determination of the specific gravity of its vapour by 
Gay-Lussac 's  metliod, gave the number 3.4006, which agrees 
very closely with that calculated upon the supposition that boric 
ethide is volurnetrically composed like terchloride of boron, as is 
seen from the following calculation :- 

l'vol. Boron kapour . -75319 
3 vols. Ethyl . . 6.0117 

The 4 vols. condensed to 2 vols. . 2)6.76489 

3.38244 

The density of boric ethide vapour increases considerably as the 
temperature approaches the boiling-point ; thus a determination 
made at  132" gave the number 3.5979, whilst a second showed 
the specific gravity of the vapour a t  101O.6 to be no less than 
3.757. 

Boric ethide is insoluble in water, and is very slowly decomposed 
by prolonged contact with it. Iodine has scarcely any action upon 
it even at  100° C. It floats upon concentrated nitric acid for 
seveml minutes without change ; but suddenly a violent reaction 
takes place, and crystals of boracic acid separate. When boric 
ethide vapour comes in contact with air, i t  produces slight bluish- 
white fumes, which in the dark are seen to proceed from a lambent 
blue flame. The liquid is spontaneously inflammable in air, 
burning with a beautiful green arid somewhat fuliginous flame. 
I n  contact with pure oxygen i t  explodes. Excluded from the air, 
boric ethide is quite a stable body; a quantity of it kept in a 
sealed tube for two years exhibited, on examination, no evidence 
of any alteration. 

When boric ethide is heated to 99' C. with strong hydrochloric 
acid over mercury, a considerable quantity of hydride of ethyl is 
slowly evolved, the reaction being 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
62

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

W
es

te
rn

 O
nt

ar
io

 o
n 

28
/1

0/
20

14
 0

7:
29

:2
9.

 
View Article Online

http://dx.doi.org/10.1039/js8621500363


ORGANIC COMPOTTNDS CONTAINING BORON. 369 

When boric ethide is heated with watcr to 139' C. for several 
hours, it also appears to suffer an ;.lnaLlogous decomposition, although 
with extreme slowness ; even with hyclrucliloric acid, the action is 
SO tedious, that I have not been able to prepwe a sufficient quantity 
of boric chlorodiethide (B (C,H,),Cl) to examine its properties. In 
the cold, a strong solution of hydrofluoric acid has no action upon 
boric ethide, which also suffers scarcely any change by being 
heated to 9$' C. for four hours with concentrated sulphuric acid. 
Gently heated for fourteen days with sodium in a sealed tube, boric 
ethide underwent no visible change. 

Ammonia-Boric Elhide. 

If a few drops of boric ethide be passed up into a dry eudiometer 
filled with mercury, and dry ammoniacal gas be then admitted 
into the same tube, each bubble of gas collapses with a shock, 
like that produced by a bubble of steam projected into cold water, 
A large quantity of ammonia is thus absorbed .by boric ethide with 
extreme energy. To prepare the compound thus formed in larger 
quantity, several grainrues of boric ethide were placed in a small 
flask filled with nitrogen and surrounded with ice: a current of 
dry ammoniacal gas was now passed into the flask as long as it 
was absorbed; finally, the product thus obtained was warmed 
to expel excess of ammonia, and then exposed in vacuo over 
sulphuric acid for twenty-four hours. It did not crystallize, and 
and could not be distilled, except in vamo, without decomposition. 
Submitted to analysis, i t  yielded 61-43 per cent. of carbon and 
15.43 per cent. of hydrogen. The formula 

requires 62.66 per cent. of carbon and 15.66 per cent. of hydrogen. 
The unavoidable slight oxidation of the boric ethide during the 
necessary manipulations affords a sufficient explanation of the 
deficiency in the amounts of carbon and hydrogen exhibited by 
the analysis. 1 should, however, have made renewed attempts to 
obtain this body in a state of greater pnrity, had not the investiga- 
tion of the corresponding crystalline methyl-compound described 
below, left no doubt that the formula above given expresses the 
composition of ammonia-boric ethide. 

Ammonia-boric ethide is a somewhat oily liquid, possessing au  
aromatic odour and an alkaline reaction. Carbonic acid has no 
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870 FRANKLAND Oh' A NEW SERIES OF 

action upon it, even in presence of water, but other acids 
decompose it instantly and liberate boric ethide. When it is 
exposed to a measured quantity of atmospheric air, there is scarcely 
m y  perceptible absorption of oxygen, even after the lapse of several 
hours. 

Boric Dioqethide. 

When boric ethide is placed in a flask and allowed to oxidise 
gradually, first in dry air and finally in dry oxygen, it forms a 
colourless liquid, which boils at 125" C., but cannot be distilled 
under atmospheric pressurc without partial decomposition. At the 
ordinary temperature, this product of oxidation evaporates without 
residue in a stream of dry carbonic acid. It can be distilled in 
Bacuo without decomposition, and a portion so rectified yielded on 
analysis results agreeing with the formula 

I regard this liquid as a compound of dnic  ether, with a body 
having the formula 

B 

and derived from boracic acid by the substitution of one equivalent 
of ethyl for one of oxygen. For this body the name boric d i o q -  
ethide is appropriate, whilst its ethereal compound may be con- 
veniently termed diethylate of boric dioxyethide. The formula of 
the latter will therefore be 

The formation of diethylate of boric dioxyethide from boric 
ethide may be thus represented :- 

This view of the constitution and mode of formation of the 
oxidised product is supported by its hehaviour with water ; for 
when diethylate of boric dioxyethide is placed in contact with 
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water, it is instactly decomposed, alcohol arid diihydrate of boric 
dioayethide being formed, according to the following equation :- 

Diethyhie of boric Dihyclrste of boric 
dioxyethide. dioxy e t hide. 

Dihydrate of boric dioxyethide may be conveniently prepared in 
a state of purity by agitating its aqueous solution with ether, 
which dissolves the boric compound. The ethereal solution must 
then be decanted, and on evaporation at common temperatures in 
a stream of dry carbonic acid, the new compound is left behind as 
a white and very volatile crystalline mass. The latter was sublimed 
at a gentle heat in a current of dry carbonic acid, and was made 
to condense in weighed tubes for analysis. 

Dihydrate of boric dioxyethide is a colourleas, volatile, crystal- 
line body, very soluble in water, alcohol, and ether. I t  possesses 
an agreeable ethereal odour, and a most inteusely sweet taste. 
Exposed to the air, it evaporates at ordinary temperatures, under- 
going at the same time partial decomposition, arid iiivariably leaving 
a slight residue of horacic acid. I t  may be sublimed without 
change at about 40° C. in a currelit-of dry carbonic acid, and 
then condenses in magnificent ci*ptitlliiic plates resembling 
naphthaline. It fuges at a gentle heat, and at a higher tem- 
perature boils with partial decomposition. I ts  vapour tastes 
intensely sweet. 

Boric dioxyethide might be regarded as the anhydride of a 
bibasic acid : the diethylate of boric dioxyethide would then be 
the ether of this acid, whilst the volatile crystalline body juet 
described would be the hydrated acid itself'. The latter does in 
fact redden litmus paper, but in other respects its acid qnali'ties 
are very ol>scure, and I have not been able to form definite salts 
with it. It therefore scarcely possesses a valid claim to a place 
amongst the acids. 

Considering boric ethide to be formed by the substitution of t b  
ethyl in zincethyl for the 0xygen.b boracic acid, Mr. Duppa 8136 
myself expressed the reaction as follows :- 
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Anothcr, h u t  lcss prolmlh, vicw of the changc prcseiits itself in 
tlic snppositioii t h t  tlic tliwc atorris of ethyl in boric ctliidc were 
nlrcrdy 1)rcsc:iit in tlic horacic ctlicr, tlie action of tlie zinc- 
ctliyl lxiiig simply to rwiovc tlic wliolc of tlic oxygcii from thc 
borucic ctlicr. Kcl<iilL* has iu fact ucloptcd this latter view of 
tlic I-cactioii. 

S o  lorig as tlic organic ratliclc of the zinc-compound and that 
of tlic lmracic: ctiicr arc idcriticid, i t  is inipossilh to p v e  whcthcr 
tlic tlircc iiitlivitlrid atoms of ctliyl in boric etliide were originally 
pwsciit iii tlic 1wr:icic ctlicr, or have k e n  derived from the zinc- 
ctliyl. Iii(1iwtiiig by an astcrisk tlie atoms of ethyl which finally 
bccorric part of tlic boric ctliiclc, i t  is impossihlc to prove con- 
cliisivclp \vlietlicr tlic rcaction talccs place according to the first or 
the sccoiil of' tlic followiiig equations :- 

Althougli we cannot thus label, as i t  were, the atoms taking 
part in the reaction, we can uiicrriiigly trace the movements of 
thc dcollol-~;icliclCs, if we sccurc tlicir iilciitification by varying 
thcir composition in the two compounds used in the process. The 
study of tlic action of zincmcthyl upon horacic ether would 
obviously (lccidc 1)ctwccn these views. If  boric etliide were pro- 
duccd fiwn tlicsc matcrials, Kekul  e's hypothesis n-odd be 
cstuhlislictl ; but if, on tlic other hand, boric niethide were the 
result of the reaction, then the correctness of the view originally 
takcn by Mr. Duppa and myself would be proved to be correct. 
The folloiving are the results obtainedcin pursuing this inquiry : 

Lehrbuch der org. Chemie, p. 489. 
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Boric Methide. 

Whcn a strong ethcrcal solution of zincmethyl is added to 
boracic cthcr, an clcvation of temperature to the cxtcnt of 8' or 
10" C. i's observcd, whilst at the saine time a most intensely 
pungent- odour is developed ; this odoiir, although it resembles 
that of h r i c  ethide, is far more pmvcrful, and more persistently 
irritating to the mucous membrane. A slow evolution of a spon- 
taneously inflammahlc gas, burning with a splendid green flame, 
was also noticed; and this evolution of gas became more rapid 
when the warmth of the hand was applicd to the flask containing 
the ingrcdicnts. Prcliminary experiments proved that this gas 
was nearly insoluhlc in water, but almost completely solul)le in 
alcohol, the residue remaining undissolved being marsh-gas 
derive51 from the action of thc alcohol upon traces of zincrnetliyl 
vapour with which the gas was contaminated. l'hc gas was not 
condcnsed by a freezing mixture of ice and salt. It was, with 
the excqtion of a small percentage of marsh-gas, instantaneoudy 
dissolved hy solution of ammonia, which yielded the gas again 
unchanged wlicn neutralized by ail acid, Concentrated sulphuric 
acid was withuut action upon the gas. 

These data led to the following plan for collecting the gas in 
a state of purity. About two ounces of boracic ether were mixed 
in a small flask with rather more than their own bulk of an 
ethereal solution of zincmethyl, of such strength as to be spon- 
taneously inflammable in a high degree. The flask, loosely corked, 
was placed in ice-cold water, and allowed to stand for a couple 
of honrs until the reaction mas complete : i t  was then furnished 
with a bent tube passing through a cork, and designed to conduct 
the gas into a second flask placed in a freezing mixture of ice 
and salt; from this flask the gas passed into a third containing 
about half an ounce of strong solution of ammonia. The air in 
the whole of the apparatus was now displaced by nitrogen, and 
the flask containing the boracic ether and zincmethyl removeu 
from the ice-cold water. A slow evolution of gas immediately 
commenced, and was kept up at  a convenient speed by plunging 
the generating flask into cold water, to which heat was rery 
slowly applied. The gas, in passing through the freezing mix- 
ture, deposited nearly the whole of the ether and zincmethyl 

. .  
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vapour with which it was contaminated; and on reaching the 
sollition of ammonia, the boron- compound was instantaneously 
absorhcd, whilst other gases, if present, passed through the 
aniirioiiia unacted upon, and escaped into the atmosphere. The 
solutioii of ammonia soon became covered with a stratum of a 
lighter liqiiid, which increased in quantity until the stream of gas 
ceascd to pass through. The ammonia-flask was now discon- 
nectcd with the rest of the apparatus, and reserved for the next 
operation. The residue in the gencrating flask solidified to a 
crystalline mas8 on cooling. 

I t  now only remained to disengage the gaseous boron-compound 
from its combination with ammonia. For this purpose the 
ammonia-flask was fitted with a funnel-tube terminating beneath 
the surface of the liquid, and a gas-delivery tube, the latter leading 
to a Liebig’s potash-apparatus charged with concentrated sul- 
phuric acid ; finally, the opposite extremity of the latter apparatus 
was connected with a mercurial gas-holder. To prevent dangerous 
explosions, on the elimination of the spontaneously inflammable gas 
from its amrnonia-compound, the whole of the air-spaces of the 
apparatus were filled with nitrogen. Everything being thus pre- 
pared, dilute sulphuric acid was gradually poured into the ammo- 
nia-flask through the funnel-tube, the contents of the flask being 
frequently agitated. No gas was evolved until the excess of 
ammonia was saturated ; then, however, it was given off abundantly, 
and the addition of a few drops of dilute sulphuric acid, from 
time to time, through the funnel-tube, served to keep up a con- 
venient current. The gas was allowed to pass freely through the 
depressed mercurial gas-holder until a sample of it proved, by its 
perfect solution in ammonia, that all nitrogen had been stvcpt 
from the apparatus. The exit-tube of the gas-holder was now 
closed, and the gas collected in sufficient quantity for subsequeut 
experiments. 

The following determinations, together with the analysis of its 
ammonirr-compound, prove that this gas is boric methide, aud that 
its formula is 

An indefinite quantity of the gas was cautiously led over 
ignited oxide of copper, the carbonic acid and water produced 
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being collected and weighed in the ordinary manner. 0.5875 grm. 
of carbonic acid and 03664 grm. of water were obtained. These 
numbers show that the atomic relation of carbon to hydrogen is 
as 2 3. 

A determination of the specific gravity of the gas gave the 
number 1*9108---coinciding closely with the calculated specific 
gravity of boric methide, which contains 1 volume of boron 
vapour and 3 volumes of methyl, the four volumes being con- 
densed to two. 

1 vol. boron vapour . . 075319 
3 vols. methyl . . 3.10956 

1.93137 

Boric methide is produced from boracic ether and zincmethyl 
by the following reaction :-- 

Boracic ether. Zincmethyl. Boric E t h yla t e 
methide. of zinc. 

The formation of boric methide under these circumstances proves 
conclusively that the corresponding ethyl-compound is formed, 
not by the removal of the whole of the oxygen from boracic ether, 
but by the actual substitution of the three atoms of oxygen in  
boracic acid by three atoms of ethyl, whilst boric methiiie is in 
like manner produced by the similar substitution of methyl for 
oxygen,-a kind of substitution which is quite in harmony with 
the mode of formation of very numerous cbmpounds in the organo- 
metallic family. 

Boric methide exists at ordinary temperatures as a colourlesa 
and transparent gas, possessing a peculiar and intolerably pungent 
odour, irritating the mucous membrane, and provoking a copious 
flow of tears. I ts  specific gravity is 1.93137. I t  retains its 
gaseous condition when exposed to 8 cold of -16" C.; but at 
10" C., and under a pressure of three atmospheres, it condenses to 
a colourless, transparent, and very mobile liquid. It is very 
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sparingly soluble in water, but very soluble in alcohol and in ether. 
In contact with atmospheric air it takes fire spontaneously, burn- 
ing with a bright green flame, which is very fuliginous if the volume 
of the flame be considerable. If  the gas issue into the air through 
a tube &th of an inch in diameter, the amount of smoke is 
surprisingly great, two or three cubic inches of gas, when con- 
sumed in this may, filling the atmosphere of a capacieus room with 
large comet-like flocks of carbonaceous matter. This curious 
phenomenon is probably due, in part at  least, to the formation of 
a superficial coating of boracic acid, which envelopes the particles 
of carbon, and prevent3 their combustion. Suddenly mixed with 
atmospheric air or oxygen, boric methide explodes with great 
violence. I n  contact with air, both boric methide and the vapour 
of boric ethide exhibit two distinct kinds of spontaneous com- 
bustion. Thus, when these bodies issue very slowly from a gless 
tube into the air, the j  burr1 with a lambent blue flame invisible in  
daylight, and tlie temperature of which is so low that a finger may be 
held in i t  for some time without much inconvenience. Under these 
circumstances partial oxidation only takes place, and it is to the 

'products thus formed that the peculiar pungent odour of boric 
ethide and boric methide is due. When, on the other hand, these 
bodies issue into the air more rapidly, the lambent blue and nearly 
cold flame changes to the green and hot flame above-mentioned. 
I have not examined the spectra of the two differently coloured 
flames from the same compound, but they donlhless present a 
widely different appearance, thus affording another instance of the 
dependence of the spectra of bodies upon temperature,-a pheno- 
menon to which Dr. T y n d a l l  and myself recently called attention 
in the case of lithium*. 

Boric methide is not acted upon by binoxide of nitrogen or by 
iodine. Solution of bichromate of potash scarcely effects it, but 
the addition of concentrated sulphuric acid at  once determines the 
reduction of the chromic acid. When boric methide is allowed to 
bubble through water into chlorine, each bubble burns explosively 
with a 6right flash of light and the separation of carbon. It has 
no tendency to unite with acids. Concentrated sulphuric acid has 
no action upon it ; when mixed with hydyiodic acid gas, i t  suffers 
no change; but, on the other hand, i t  is freely absorbed by solu- 
tions of the fixed alkalies, and by ammonia. I f  a very rapid cur- 

* Philosophical Magazine [4], xxii, 472. 
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rent of the gas, mixed with half its volume of marsh-gas, be passed 
through a stratum of strong solution of ammonia only half an inch 
deep, not a trace of boric methide escapes absorption. 

Ammonia-Boric Methide. 

When dry ammoniacal gas is mixed with an equal volume of 
dry boric methide, both gases instantly disappear, with evolu- 
tion of a considerable amount of heat, and production of a white, 
volatile, crystalline compound. The latter is also formed when 
boric methide is passed into solutiop of ammonia. The colourless 
liquid stratum which forms upon the surface soon solidifies when 
it is placed over sulphuric acid in vacuo. A quantity of the com- 
pound obtained by this latter process was purified 'by solution in 
ether and subsequent recrystallisatiou. On beiug submitted to 
analysis, it yielded results agreeing with the formula- 

Ammonia-boric methide is deposited from its ethereal solution 
in magnificent arborescent crystals, which rapidly volatilize without 
residue when exposed to the air. They possess a caustic and bit- 
ter taste, and a very peculiar odour, in which both the smell of 
ammonia and of boric methide can be recognised. Ammonia- 
boric methide fusea at 56" C. and boils at about 110" C. I n  a cur- 
rent of air, or better, of carbonic acid, it sublimes at a very gentle 
heat, and condenses in magnificent arborescent crystals. Deter- 
minations of the specific gravity of its vtipour, at three different 
temperatures, gave the Dumbers 1.251, 1.258, and 1.250, iudicating 
that the vapour of ammonia-boric methide consists of equal volumes 
of boric methide and ammonia united without condensation :- 

1 vol. 
1 vol. 

Boric Methide . . 1.93137 
Ammonia . 05873 

2)2*51867 

1.25933 

Thus the formula of ammonia-boric methide is a four-volume 
formula,* a state of condensation which is usually considered to 
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be abnormal, and which, when it oeciirs, is generally explained by 
the assumption of a. decomposition of the body at thc moment of 
conversion into vapour. The proof of the disunion or integrity of 
the valjorous molecule of ammonia-boric methide would be interest- 
ing in connexion with these so-called anomalous vapour-densities, 
but I liave to regret my inability to offer any sufficiently cledisive 
solution of this problem. The difficulty to be overcome is the 
finding of a reagent that will not decompose ammonia-boric 
methide at elevated temperatures, but which would absorb ammonia 
only, out of a mixture of this gas with boric methide, at a tem- 
perature above the boiling .point of ammonia- boric methide. 
Chloride of calcium does not decompose ammonia-boric methide ; 
but although it readily absorbs ammonia at ordinary temperatures, 
it allows the whole of it to escape at 110' C. Chloride of zinc 
decomposes ammonia-boric methide before the latter volatilizes. 
The same effect is produced by all the strong acids, which are 
therefore also inadmissible, whilst dry boracic acid does not absorb 
ammonia even at ordinary temperatures. The substance which 
appeared to be best adapted for this reaction was dry and recently 
fused chloride of copper. This salt doespot decompose ammonia- 
boric methide below the boiling point of the latter, whilst it readily 
absorbs ammonia, and retains it at a temperature of  160" C. .I will 
now describe the mode in which an experiment with this substance 
was conducted, and the results which were obtained. A quantity 
of ammonia-boric methide was introduced into a graduated tube 
filled with m&eury, and inverted in a vessel containing the same 
metal. The whole was now immersed in an oil-bath, and heat 
applied until the boron-compound was converted into vapour, the 
volume of which, at a known temperature and pressure, was then 
observed. After the apparatus had been allowed to cool, a frag- 
ment of chloride of copper was passed up into the tube,-.and heat 
again applied. The boron-compound soon melted and enveloped 
the fragment of chloride of copper : as the temperature approached 
the boiling-point r>f ammonia-boric methide; the latter slowly boiled 
off from the chloride of copper, and the vapour then occupied the 
same volume as that read off before the introduction of the chloride 
of copper. The mercury in the tube remained steady for two or 
three minutes; it then gradually ascended, and the contraction of 
the vapour-volume continued until it was reduced to exactly one- 
half, as indicated by the following numbers :-- 
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Corrected volume of vapour before treat- 

Ditto after treatment with chloride of 

ment with chloride of copper . . 35-67 cub. centims. 

copper . . 17.85 cub. centims. 

By treatment with chloride of copper, 100 volumes of vapour 
were therefore reduced to 50.04 vols., and the residue consisted of 
pure boric methide gas. It is obvious that this absorption may 
be due either to decomposition of the vapour of ammonia-boric 
methide by ci7rloride of copper tlt an elevated temperature, or to 
the decomposition by heat of the boric colnpound into cqual 
volumes of boric methide and ammonia, the latter being then 
absorbed by the chloride of copper. Unfortunately, the result 
of the experiment is not sufficiently decisive to compel the adoption 
of either of these hypotheses, although the formation of the vapour 
and its existence for a few minutes in contact with chloride of 
copper favour the first more than the second ; thus  indicating that 
the vapour of ammonia-boric methide consists of equal volumes 
of ammonia and boric methide united without condensation, a 
result which would harmonize with the very generally observed 
rule, that when two gases or vapours unite in equal volumes, the 
volume of the compound is equal to that of its constitucnts. 

Ammonia-boric methide scarcely absorbs a perceptible amount 
of oxygen at ordihary temperatures, even after several days' 
exposure to the gas ; but it takes fire below 100' C. when hcated 
in contact with the air. Its vapour is also very inflammable ; thus, 
when ammonia-boric methide is placed under the receiver of an 
air-pump, and the air is being withdrawn, the explosion of the 
mixture of air and vapour in the cylinders of the pump is fre- 
quently determined by the rise of temperature consequent upon 
the depression of the pistons when the rarefaction has become con- 
siderable. 

Boric methide is also absorbed by aniline with great avidity. 
A ids expel the gas from this compound unchanged. 

Terhydiide of phosphorug has no action upon boric methide. 
A mixture of equal volumes of the two gases is spontaneously 
inflammable, burning with a yellowish-white flame, in which the 
characteristic green tinge, attending the combustion of boric 
methide is no longer perceptible. 

Compounds of Boric Methide with Potash, Soda, Lime, and 
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bury la.-Solution of caustic potash absorbs boric methide with 
great encrgy. The saturated solution, exposed over sulphiiri c 
acid, in vacuo, dries down to a gummy mass, which scarcely exhibits 
signs of crystallisation. The same body may be more conveniently 
formcd by decomposing ammonia-boric methide with alcoholic: 
solution of potash, taking care to employ an excess of the former. 
On evaporation over sulphuric acid in vacuo, the excess of' the 
ammonia-compound volatilizes, and is decomposed by the sulphuric 
acid, with elimination of boric methide : thus the potasli-com- 
pound evaporates in an atmosphere of boric methide. Nevertheless 
even by this method I did not siiccecd in obtaining the potash- 
compound in a state of purity, potash-boric methide thus pre- 
pared yielding on analysis -1+7-03 per cent. of potash, and 42.86 per 
cent. of boric methide, numbers only very remotely indicating the 
formula 

KO.B(C,H,),, 

which requires 45-67 per cent. of potash and 54.33 pcr cent. of 
boric methide. The appearance of the compound, even aftcr 
exposure to gentle heat in racuo, suggested tlie presence of water, 
which could not, however, he expelled at  a temperature below that 
at which yotash-boric methide itself is decomposed. 

Boric methide is also readily absorbed by solution of neutral 
carbonate of potash; bicarbonate of potash and potash-boric 
methide being apparently formed. Although boric methide and 
potash unite with remarkable energy, yet they are separated by 
acids with the greatest readiness; even carbonic acid in the 
presence,of water can expel boric methide from its potash-com- 
pound; thus, if an aqueous solution of potash-boric methide be 
passed into carbonic acid stailding over mercury, the acid gas soon 
hecomes feplaced by pure boric methide. 

Soda-boric methide, baryta-boric methide, and lime-boric methide 
are similar bodies, produced by the absorption of boric methide 
gas by caustic solutions of soda, baryta, and lime; they are all 
readily soluble in water, and react alkaline. 

Boric methide i n  combination with the alkalies and alkaline 
earths has almost entirely lost its powerful affinit.y for oxygen ; 
nevertheless, when these bodies are placed in contact with a known 
quantity of oxygen over mercury for several days, the volume of 
the gas perceptibly diminishes. 

The great difficulty, not to say danger, attending the gradual 
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oxidation of considerable quantities of a gaseous and spontaneously 
inflammable body like boric methide, has prevented me ffom 
followiiig this compound into its products of oxidation, as was 
done in the case of boric ethicle. With a graduated supply of 
osygen, however, boric methide appears to comport itself like 
boric ethide, and the compounds formed are probably homologous 
with diethylate and dihydrate of boric dioxyethide. 

I n  conclusion, it can scarcely be doubted that the action upon 
lmracic ethcr of the ziric-compounds of the remaining alcohol- 
radicles woiild produce thc homologues of the bodies described 
i n  the foregoing pages. It may also be remarked, that the exist- 
ence of bodies like boric dioxycthide, in which one-third of the 
oxygen in boracic anhydride is replaced by ethyl, altogether 
abolishes any supposed analogy bet ween carbonic and boracic acids, 
whilst i t  proves that the composition of the latter acid is expressed 
by the formula BO,, or some multiple of that formula. I am at 
present engaged in studying the action of' zincethyl and sodium- 
ethyl upon the ethers of silicic, carbonic, oxalic, and acetic 
acids. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

18
62

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

W
es

te
rn

 O
nt

ar
io

 o
n 

28
/1

0/
20

14
 0

7:
29

:2
9.

 
View Article Online

http://dx.doi.org/10.1039/js8621500363

