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. Prof. Robert Withelm El-~rhard Bunsen, M. D, the chemist,
died at Heideiberg, Germany, on the 16th ult.  The following com-
P!ét_e and most interesting review of the cureer of one of the most
distinguished chemists of modern times appeared in the Lrening
PLuost of this city, and.contains in a brief form an account of the life
work of one whe has left his imprint indelibly stamped in the pages
of history:

**Robert Withelm Eberhard von Bunsen was born March 13,
lS]l. at Gittingen, where his father held some literary professor-
:S‘hlp in‘the theological faculty, At the university he studicd chem-
1stry more than other things, while not neglecting the instruction
of Gunss, the leading mathematician of the world. Graduated in
1830, he-repaired to Paris, then spent a vear in Berlin, and then a
year in Vienna,

*In 1833 Bunsen was appointed professor in the Polytechnic
School of Cassel—an institution whuosce professors “have, on the
average, been abler than those of most of the universities, and here
he at once bespoke the stuff of his composition by sclecting
alkarsin, or the fuming liquor of Cadet, as the subject of his
rescarches, and by sticking to them undauntedly till a stopping
place was reached. It never once happened to Bunsen to take up
a considerable rescarch without producing a discovery decidedly
Lrilliant; and he ahmost always flung in something useful to boot.
The fearful compound of arsenic which goes by the name of
alkarsin could clearly not be made useful. But the very first paper
Bunsen ever published, after his‘doctor’s thesis, announced a per-
fect antidote for ucute arsenical poisoning, or rather for the com-
mon. accident ‘of a:fatal dose of white arsenic taken into the
stomach. It was the now usual exhibition of fresh ferric hydrate.
This was certairly a very useful discovery, if a humble one. But
Bunsen steadily continued his researches until his main problem
was substantially solved. Once, when about half way to his poal,
four years after the commencement of the work, and five years
before its close, progress was interrupted by an accidental explo-
sion, which cost him an eye. Many a‘distinguished chemist has
worn such an honorable scar. '

“After lony years of experimental failure, during which those
who were near him declared their impression that Buusen never
was for a moment cast down or at a loss, he was rewarded by a
discovery that made a great scnsation in the chemical world of
that day. It was that alkarsin is the oxide *of a true organic
metal,” cacndid, now generally called arsen-metayl, which he like-
wise isolatec, investigating its compounds generally. This dis-
covery opened up a long chapter of chemistry; for down to that
date no body of that description was known, .

*“In 1838 Bunsen was appointed *extraordinary ' professor-—or,
in such rouga version as a single word can supply, brevet profes-
sor—in the University of Marburg, where hé remained for thirteen
years. Here, finding hematite iron mines, he forthwith took up
the study of the high furnace. Having demonstrated the vast
waste of heatin it, he at once proceeded to invent the appliances
of the hot blast, thus-enriching every man, woman and child in the
civilized world. But adifferent and an exceedingly important boon
was to come to chemists from Bunsen's study of the blast furnace,
namely, he was thus led to develop his method of gas analysis.
The manipulation and measurment of gases with some degree of
precision had, down to that time, been a matter of such extreme
difficulty as-to form alinost a vocation by itself. To mention but
a single point. it was regarded as indispensable .that the gases
should Le quite dry. Now the perfect drying of a gas is a tedious
business at best, and the best means were not commonly employed.
But Bunsen, instead of working with gases perfectly dry, worked
" with them perfectly wet. ' : -

*Bunsen was now finding his profession lucrative, notwith-
standing the checks which then existed in Germany upon.the use
by a professor of his profession for money-making. He was now
able to gratify his passion for travel. It was at the meeting of
the British Association at Glasgow in 1840 that he first made pub-
lic his discovery of cacodyl, as well as his method of nitrogen
determinations In 1844 we find him investigating volcanic phe-
nomena in Italy, and in 1847 he made his celebrated voyvage to Ice-
land to study geysers and the other curiosities of tliat strange
country. He worked out an explanation of the perplexing phe-
nomena of geysers which stood absolutely without a rival until the
American geysers were studied, and which is even yet generally
accepted. . . i

“In 1841 Bunsen was made the titular professor at Marburg.
It was about this time that he began his studies of electrolysis and
the electrical are. In that same year he invented the Bunsen
battery cell, which remained the usual means of productng a cur-

rent of very high intensity until the days of dynamos. There,

were many reasons for thinking that the aikaiine and other caiths
contuined elements which had not yet been discovered; and to the
discovery of some of these Bunsen was cvidently directing his
inquiries. In the pursuit of that object he was using the battery
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_ degree of exactitude after all.

in two entirely distinet/ways. In the first place, Fe was using elec-
trolysis with the idea that by commencing the stuly of the cle-:
ments of the carths, alkaline and other, in their 1mctallic state, he
might probably be able to improve the methods ol separating - and
purifying them, and so be led to the discovery ol the perturbing
eicments.  He accordingly prepared a number of inctals hitherto
known only in their compounds, such as chromiun, cerium (upon .
the compounds of which he made an extensive stuily), lanthanum,
didymium, cte. . ) : : )

“ Bunsen carefully determined the atomic volunes of the cle-
ments he thus prepared, ddta which proved most precious at sub-
sequent date, when Mayer and Mendelejeff were studyings the
periodic law.  He also invariably determined their specific heat, a
property whose significance was well known, since according to
Dulong and Pétit's law, the product of the specific heat of un
element by its atomic weight is about 6.3. For these determina.
tions the use of a calorimeter was requisite, Now, calorimeters
had been big and nnmanageable instruments, reguiring niore precau-
tions in their use than tongue can tell, and reaching 1o very high
The physicist who experimented -
with a calorimeter was considered us having his hands {ull for a
long period. The great difficulty was to prevent the heat from
getting away unmeasyred, and to prevent that, a large room had
to be given up to the instrument.’ But Bunsen contrived a calori-
meter which was contained in a test-tube. Nor was this ice-calori-
meter the only instrument in that class with which he enriched the
science of heat. . ) -

«The second way in which in the early forties he was apply-
ing a long train of Bunsen cells to the study of the metals was by
making an arc light with diffgrent metals as electrodes and ana-
lysing the light with a prism. In that way he had in 1844 obtained
and described in a general way the true line-spectra of various
metals (which remained practically unknown to the rank and file
of chemists down to dynamo days) and, what is very significant, he
had called the. ncedle-sharp lines ‘Fraunhofer lines,” so that the
conception of the reversal of lines was certainly present to his ming.
Such experiments were, however, too expensive for the longest
purse, and we cannot, therefore, be surprised to find that Bunsen's
studies in that direction were interrupted before any detailed and
precisc measures of the spectra had been mace. Indeed, theyy
would have been entirely fergotten if Bunsen had not casually
described them in general terms in-a letter to Berzelius, the Subs-

_tance of which the latter communicated in a note to the Swedish -
It was not until 1878 that Dr. Georg2 Ferdinand Becker -

Acadamy. ]
called the attention of the scientific world to taat important note,
which ante lates by five years the lecture of Sto<es upon the prin-
ciples of spectrum analysis.

« For many years Bunsen was carried off to >ther subjects. He
was, by manifold discoveries and inventions, smoothing the path
for other chemists. The laboratories of to-day are full of-his con-’
trivances, of which we need only niention the Bunsen burner and’
the filter-pump. - The whole art of voluinetric analysis, as anything
more than a rough commiercial method, is due to him. His last
work at Marburg was his theory of volcanoes. )

«In 1851, he accepted a call fromthe University of Breslau, and
in 1852, he accepted another from Heidelberg, at that time the v
plus ulira of a German professor’s promotion. There he remained
to the end of his days, faithfully repelling all blandishments .of
Berlin. In 1877, the university held high festival in honor of his 23
years’ professoriate. It was not until late in the fifties thathe found
leisure to return to spectrum-analysis. He now used the specetrit
of flames colored by chlorides—spectra miserably inferior in sharp-
ness, in manifoldness of detail, and in instructiveness, to the line-
spectra he had previously examined. He now called in Kirchoff, ;
the young professor of physics in Heidelberg, to deal with the prob-
lems of general physics involved, while he confined himself to the
subject of chemical analysis by means of the spectra. The result,
as everybody knows, has been the creation of three branches of
science—spectroscopy as a department of optics, spectroscopiC as- |
tronony and speciroscopic chemistry. In the 30 years <efore Bun-
sen’s and Kirschoff's work, four chemical elements only had been
certainly discovered, lJanthanum and didymium in 1841, ruthenium

‘and niobium in 1844. with a doubtful fifth, erbium. During the 30 |

years following that epoch, although the total numher discoverabje
is approaching exhaustion, eight were discovered with the utmost
certainty, and all with more or less aid from the spectroscope.

. namely, caesium by Bunsen in 1860, rubidium by Bunsen and thal-
- lium in 1861, indium in 1863, gallium in 1875, scandium and ytter-
_ bium in 1879, and Germanium in 1886. Besides these, the existence

of a number of others had been made out, although, owing to the
imperfections of the fractionations, it remained doubtful how many
elements several groups contained. but gladolinium, samarmunk.
thulium, holminm, etc., were fully as well made out in 1890 as
erbinm Had Leen in 1860, v o
" «In 1883 Bunsen was elected oné of the eight foreign associates,
of the French Academy of Sciences. This is intended: to be the
highest honor the scientiﬁc world can bestow.. o . :
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« Bunsen was a striking instance of the eccentricity of genius.
['he stupendouy cguiism of genius liad 40 existence in him e
hever betrayed a feeling that he'was one of those perfect produc-
tions for the sake of which the evolution of the universe had
priginally been set in motion. On the contrary, he gave up the’
vhole of an ordimry man'’s working day to his studeuts—his own
Eescarches being conducted in the hours that remained over— thoss
of the early morning and of the night. He entered into his
students’ aspirations with his whole heart. He cared for all his
students, and seemed to be as much interested with the difficulties
5t one who might be in thé A B C of the art as with those of an-
fother who might be pursuing some original investigation. He was
tso-helpful that what.a man had accomplished in the way of unrav-
eling a difficult question while in Bunsen's laboratory could not be
Fraken as any indication of what he would be able to do by himself.
T he personal success of the men seemed to be the matter of prime
ffinportance in Bunsen's eyes. His own scientific work he seemed
to rate as-a fascinating amusement; but to any credit that might
thence accrue, he was all but indifferent. The unanimity with

i
i
affectionate veneration for him, is a conclusive sign of his extraor-
bdinary unselfishness.

.~ wWhen we add to this the buoyant self-reliance of the man, his
Mark-Tapley-like love of difficulties, his love of life, his fondness
ffor travel, his interest in everything human, his delight in novels,
‘we have a picture of moral health quite unusual. As human being,
ihe ranks high. But intellectually he was by no means equally
sane. He was afflicted with that incipient aphasia which attacks

words, as every man whose thought is not shallow must. No
psychologist can peruse the works of Bunsen with a view of col-
lecting indications of the machinery of his mind, without finding
fmuch to support the opinion that he mainly did his thinking witha
piece of apparatus by him, or vividly before his imagination.
E\Vords were not used in his self-communings. The consequence
was the usual one of a derangement of the cerebral organ of
peech.” He would zive a course of lectures on calcium, for in-
stance, and call calcium barium every time throughout the course.
This defect would b: considered as a sufficient reason fer his dis-
missal from many an American college, and would have insured his
fbeiny rated as a poo- te’%:her. although,in fact, he was one of the
foreatest developers of scientific intelligence that ever lived. But
this was the least of his/ intellectual faults. Because he did not
hink in words, his thoughts were not awakened at verbal sugges-
fi wer verbal questions, whether oral or writ-
4ve passed a decent examination in his own

discoveries.
Bin a chemical operation, and a wealth of knowledge would be
gpoured out; but let it be put in words, and he could not answer it.
A student once asked him about a certain substance. He replied:
f*I don’t know anything about that substance. You will have to
Hook up the literature.” What is called ‘literature’ in laboratories
fis, we may explain, the aggregate of record of observations on any
gparticular question. The student hunted’up the ‘literature’ of
fthe substance in juestion, and found it to consist of a single paper,
hand that paper by-R. W. Bunsen. '

¢ “In consequence of his inability to regard questions of scien-
itific authorship in a very serious light, his papers contain many
misstatements on those matters, and his judgment about them was
feasily warped. He is the only author we know of who shows an
‘e‘n'tirely honest and unaffected liability to give to others credit that
rcally belongs to himself. The success of his own students he had
‘at heart, and he was continually persuading himself, and trying to
ipersuade them, that their part in researches really conducted by
:him was the principal part. It is after much sceptical examination
fof 1 good deal of testimony that we have reached the conclusion
:that he was honest in his singular renunciations. He would have
ithe same fecling in milder degree about any other young chemist.
tn this way he scems to have contracted a habit of self-deprecga-

fmotive was absent. v

: *“When Dr. Becker in 1878 called attention to the paper of
iBerzelius ‘describing in 1844 the researches of Bunsen in spec-
ptrum analvsis, Bunsen endeavorced, by an extraordinary wrench
put upon the interpretation of the language of that paper, to
"deprive himself of all credit in the matter; and no doubt ninety-
mine out of a hundred chemists (being unfamiliar with the pure line

‘because it was his own. But whoever will go to the trouble of
naking the necessary experiment will find that forced interpreta-
ton is utterly inadmissible; and the only possible interpretation is
_he natural one. In this case, the question is whether the credit
ifor the first origination of spectrum analysis is to go to Bunsen or

(even without this credit) is one of the very few men of -science. of

;;t});ur time who would in the judgment of most physicists outrank
unsen,” v

'which his scholars, of all ages and nationalities, were moved to .

every man who habitually does his thinking otherwise than with

e question come in the shape of an emergency *

tion which heé carried into cases where the altruistically interested-

‘spectra) adopted -the interpretation without  reflection, simply -

;1o Stokes, Who. i1 any case, worked quite independently, and who’

LIQUEFIED CO, AS A FIRE EXTINGUISHER.*

]

‘It frequently happens that fires occur in enclosed places which
are difficult to approach and which are supplied with abundant
fuel, such as coal mines, for example.” Mr. Spencer has taken this
case and advocates the use of a gas which will not support com-
hustion—carbon dioxide, for example—~and describes its successful
application to a mine fire within his own experience. Six cylinders
of gas were suflicient to check combustion. He gives the follow-
ing interesting information upon the subject: . :

Liquefied carbon dioxide is supplied in drawn-steel cylinders
of three sizes, containing 20, 30 and 36 pounds. The gas is col-
lected from the fermentation vats of breweries, and ljuefied by
means of pressure assisted by low temperature. The yriter found
the j0-pound size convenient for use, but the smaller sixe would be
found more suitable for application in confined places.’ That size,
when empty, weighs about go pounds, and measures 43 inches in
height by 7 inches in diameter. The bottom is made concave, like
an ordinary bottle, and the top is drawn to a neck, in which a
screw-plug s fitted. A detached coupling is supplied to screw to
the neck, by means of which the screwrplug is turned on or off,
and the escape of gas regulated. A o 7

The pressure of gas in the cylinfers varies according to tb/
temperature. If, for instance, the cylinder and its contents Ldve
a temperature of 32 degrees F., the corresponding pressure «£1ll be
509 pounds per square inch; with so degrees, the corresponding
pressure is 664 pounds per square inch; at 68 degrees, 849 pounds,
and at 86 degreés, 1,065 pounds. :

One pound of the liquid will produce 8 cubic feet of carbon
dioxide at atmospheric pressure and temperature. The tempera-
ture of the ‘escaping gas is, however, much below freezing point,
whicl is a great advantage in cooling down the heated mass after
extinction. Any number of cylinders may be connected to a main
pipe, to give a continuous flow or a large quantity. The writer
has connected six cylinders at one timne to a 2-inch pipe, with
3{-inch Lranches placed at intervals of 1 foot. The cylinders may
be placed upright and connected to the 3-inch branches by short
pieces of flexible tube, and from the end of the main pipe a flexible
tube of larger diameter may be carried to any desired point. By
means of a small tap at each branch, the connection letween the
branch and the corresponding cylinder may be closed cnd another
substituted as required. The whole serfes of cylinders, therefore,
is under perfect control and a continuous . flow of gus is readily
maintained. The liquid carbon dioxide costs in England 4 cents
per pound, delivered in quantitics of not less than 320 pounds, or
ten cylinders. ‘ -

According to Dr. F. Clowes, air containing 15 per cent. of car-
bon dioxide will extinguish flame, and probably the same mixture
will fail to support the combustion of the material usually met within
underground fires. To extinguish a fire (whether al'ove or below
ground), all that is necéssary is to keep it immersed in a bath of
an extinctive mixture of the above proportions, for a iength of time
sufficient to allow the mass to cool down.  -Such a mixture may be
obtained by means of liquefied carbon dioxide at a cost of 2 cents
per cubic yard, exclusive of labor. "It inust, however, be borne in
mind that in practice a large amount of carbon dioxide is given off
from a burning mass, so that the figures quoted may be regarded
as the maximum in estimating the cost of the process. The rate
of discharge of the gas varies greatly according to the surrounding
temperature. During evaporation, intense cold is produced, and
the valves are partly closed by the frozen.gas. To increase the
rate of discharge, the cylinders are sometimes laid on their side
and-the liquid gas slowly discharged into the pipe.

"The foregoing may be suggestive in several ways to a gas-
works superintendent. : .

[ X4

Brightuess of White Surfaces—In the Ann. d. Physique und
Chemie, 1898, p. 1,182, P. Jenks compares a piece of white paper,
when lighted with the brightness of a meter-candle (about o.1 foot-
candle) and finds that the brightness of a candle is 12,088°to 22,000~
times, and the Violle unit 1,008,200 times as great as the paper.
Comparing the brightness of varions surfaces when Jighted by the
same light source, he finds the ratio to be as follows:

Bristol board. ...... v e 1
Photometer paper......c.v. vvveveeeesoassss. 698 ;
Freshly fallen snow........ e 1.05 to 1.1 .
Zinc oxide, with § per cent. gypsum.......... 1.169

- White lead....... et cere. 1207
Magnesium carbonate .............. ..., . 1.29

The last gives a matt surface which is equally brilliant at all
illumination angles. , . ST

# Extracts from a paper read before a recent miceting of the Federc ted Institute

Mining Engineers, by George Spencer, ) &
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