[71]

II1. Imvestigations of the Specific Heat of Solid Bodies.
By HerMaNN Korp.  Communicated by T. GrauawM, Esq., F.R.S.

Received April 16,—Read May 12, 1864.

1. Historical Introduction.

1. ABour the year 1780 it was distinctly proved that the same weights of different
bodies require unequal quantities of heat to raise them through the same temperature,
or on cooling through the same number of thermometric degrees, give out unequal quan-
tities of heat. It was recognized that for different bodies the unequal quantities.of heat,
by which the same weights of different bodies are heated through the same range,. must
be determined as special constants, and considered as characteristic of the individual
bodies. This newly discovered property of bodies WiLKE designated as their specific
heat, while CrAWFORD described it as the comparative heat, or as the capacity of
bodies for heat. 1 will not enter upon the earliest investigations of BLack, IRVINE,

Crawrorp, and WILKE, with reference to which it may merely be mentioned that

they depend essentially on the thermal action produced when bodies of different tem-
peratures are mixed, and that IRVINE appears to have been the first to state definitely
and correctly in what manner this thermal action (that is, the temperature resulting
from the mixture) depends on the original temperature, the weights, and the specific
heats of the bodies used for the mixture. LavorsiEr and LAPLACE soon introduced the
use of the ice-calorimeter as a method for determining the specific heat of bodies; and
J. T. MAYER showed subsequently that this determination can be based on the observa-
tion of the times in which different bodies placed under comparable conditions cool to
the same extent by radiation. The knowledge of the specific heats of solid and liquid
bodies gained during the last century, and in the first sixteen years of the present one,
by these various methods, may be left unmentioned. The individual determinations
then made were not so accurate that they could be compared with the present ones,
nor was any general conclusmn drawn in reference to the specific heats of the various
bodies.

2. DuroNG and PEriT’s 1nvest1gat10ns, the pubhcatlon of which commeneed in 1818,
brought into the field more accurate determinations, and a general law. The investiga-
tions of the relations between the specific heats of the elementsand their atomic weights
date from this time, and were afterwards followed by similar investigations into the rela-
tions of the specific heats of compound bodies to their composition. - In order to give a
general view of the results of these investigations, it is desirable to present, for the ele-
ments mentioned in the sequel, a synopsis of the atomic weights assumed at different
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72 PROFESSOR KOPP ON THE SPECIFIC HEAT OF SOLID BODIES.

times, and of certain numbers which stand in the closest connexion with these atomic

weights.
Berzelius’s atomic Regnault’s thermal Usual equivalent Modern
weights. atomic weights. weights. atomic weights.
Aluminiom ........ Al = 137 Al = 137 Al = 137 © Al = 274
Antimony.......... 8h = 61 Sh = 61 Sb =122 Sh =122
Arsenic............ As = 375 As = 375 As = 75 As = 75
Barium............ Ba = 685 Ba = 685 Ba = 685 Ba =137
Bismuth .......... Bi =105 Bi =105 Bi =210 Bi =210
Boron ............ B = 109 B = 109 B = 109 B = 109
Bromine .......... Br = 40. Br = 40 Br = 80 Br = 80
Cadmium ......... Cd = 56 Cd = 56 Cd = 56 Cd =112
Calcium .......... Ca = 20 Ca = 20 Ca = 20 Ca = 40
Carbon ............ C = 6 C = 12 C = 6 G =12
Chlorine .......... Cl = 1775 Ol = 1775 Cl = 355 0l = 355
Chromium ........ Cr = 261 Cr = 261 Cr = 26-1 €r = 522
Cobalt ............ Co = 294 Co = 294 Co = 294 Co = 588
Copper ............ Cu = 317 Cu = 317 Cu= 317 Cu= 634
Fluorine .......... Fl = 95 Fl = 95 Fl = 19 Fl = 19
Gold .............. Au= 985 Au= 985 Au =197 Au=197
Hydrogen.......... H= 05 H=1 H=1
Todine ............ I = 635 I = 635 I =127 I =127
Iridium .......... Ir = 99 Ir = 99 Ir = 99. Ir =198
“Iron .. oeee . Fe = 28 Fe = 28 Fe = 28 Fe = 56
Lead ..o oot Pb =1035 Pb =103-5 Pb =103-5 Pb =207
Lithiom .......... Li= 7 Ii = 35 Li= 7 ILi= 7
Magnesium ........| Mg= 12 Mg= 12 Mg= 12 Mg= 24
Manganese ........ Mn= 275 Mn= 275 Mn= 275 Mn= 55
Mercury .......... Hg =100 Hg=100 Hg=100 Hg =200
Molybdenum ...... Mo= 48 Mo= 48 Mo= 48 Mo= 96
Nickel .. .c.oua... Ni= 294 Ni = 294 Ni = 294 Ni = 588
Nitrogen ..........] N = 7 N= 7 N =14 N = 14
Osminvm  .......... Os = 996 Os = 996 Os = 996 Os =199:2
‘Oxygen e 0O = 8 ) 0 = 8 O = 16
Palladium ........ Pd = 533 Pd = 533 Pd = 533 Pd =106-6
Phosphorus ........ ‘P = 155 P = 1556 P =31 P = 31
Platinum .......... Pt = 987 Pt = 987 Pt = 987 Pt =1974
Potassium ........ K = 391 K = 1955 K = 391 K = 391
Rhodium .......... Rh= 522 Rh= 522 . Rh = 52-2 Rh =1044
Rubidium .......... Rb= 854 Rb = 854 Rb= 854
Selenium .......... Se = 397 Se = 397 Se = 397 Se = 794
Slhelum ........... Si = 21 Sl == 14 Sl = 28
Silver ............ Ag =108 Ag= 54 Ag =108 Ag =108
Sodium............ Na = 23 Na= 115 Na = 23 Na = 23
Strontium ........ Sr = 438 Sr = 438 Sr = 438 Sr = 876
Sulphur .......... S =16 S =16 S =16 S = 32
Tellurium. ......... Te = 64 Te = 64 Te = 64 Te =128
Thallium ..........| Tl =204 Tl =102 Tl =204 Tl =204
Tin ....veeennn... Sn = 59 Sn = 59 Sn = 59 Sn =118
Titanium .......... Ti = 25 Ti = 25 Ti = 25 "= 50
Tungsten .......... W = 92 W = 92 W = 92 W =184
Zine ......oviienn Zn = 326 Zn = 326 Zn = 326 Zn = 652
Zirconium ........ Zr = 336 Zr = 448 Zr = 896

For each of the previous columns the relation of the numbers to each other is alone
important, and not the number which is taken as unit or starting-point.
atomic weights and REGNAULT’S thermal atomic weights are corrected with the nearest

BerzELIUS'S



PROFESSOR KOPP ON THE SPECIFIC HEAT OF SOLID BODIES. 73

and most trustworthy experimental determinations, without alteration of the bases for
the adoption of these numbers. = The numerical relations presented in the above Table
require, from the chemical point of view,no further explanation. The relations of these
numbers to the specific heat form the subject of the investigations which are presented
in the sequel.

3. The experiments by which DuLone and Prrit * showed, in the case of mercury
various solid metals, and glass, that the specific heat increases with increasing tem-
perature, were made by the method of mixtures. They determined at ordinary tem-
peratures the specific heats of a greater number of elements by the method of cooling .
They found that when the numbers in the first column in § 2 corresponding to the
elements Bi, Pb, Au, Pt, Sn, Zn, Cu, Ni, Fe, and S (the Berzelian atomic weights)
are multiplied by the respective specific heats of these bodies, approximately the same
number is obtained; and that approximately the same number is also obtained when
4 Ag, 4 Te, and § Co are multiplied by their corresponding specific heats. They were
of opinion that the atomic weights of the elements could and should be so selected that,
when multiplied by the specific heats, they should give approximately the same number
as product.  This observation and this view, which DuLoNe and PErir stated in 1819 in
the following manner, *“The atoms of all simple bodies have all exactly the same
capacity for heat,” have since that time been known as Dvroxe and PEmiTs Law:

I shall not here dwell upon PorTER’S investigations on the specific heat of metals
and on the validity of Durone and Prmr's lawf, but proceed directly te: discuss
NEUMANN’S investigations, which rank worthily by the side of those of Dunoxe and
Prrir. ‘

4. In his ¢ Investigation on the specific heat of Minerals,” NEUMANN (in 1831) first
published § more accurate determinations of the specific heats of solid compounds. He
investigated a large number of such compounds, especially those occurring in nature,
partly by the method of mixture, and partly by the method of cooling; and he deter-
mined the sources of error in both these methods, and the corrections necessary to be
introduced. In a postscript to this paper, he mentioned that he continued the investi-
gations withi an apparatus which, compared with that he had previously used, promised
far greater accuracy in the individual results, without needing tedious and troublesome
reductions. This apparatus, by means of which the specific heats of solid bodies, which
may be heated in a closed space surrounded by steam, can be determined with great
accuracy, he has not described |.

Of the general results of NEUMANN’S investigations, one must be particularly men-

* Annales de Chimie et de Physique, [2] vol. vii. p. 142. T Ibid. vol. x. p. 395.

+ Edinburgh Journal of Science, New Series, vol. v. p. 75, and vol. vi. p. 166. J. F. W. Jornsron’s remarks,
vol. v. p. 278. I only know these papers from Berzerivus’s ¢ Jahresbericht,” vol. xii. p. 17, and GrrLER’s
< Physicalisches Warterbuch,” new edition, vol. x. part 1, p. 805 et seq.

§ PoceENDORFF’S ¢ Annalen,” vol. xxiii. p. 1. v

{| Pare (PoceENDORFF’s ¢ Annalen,’ vol. exx. p. 337) has recently described this apparatus. I have had no
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74 PROFESSOR KOPP ON THE SPECIFIC HEAT OF SOLID BODIES.

tibned, that a dimorphous substance has the same specific heat in its two conditions.
This he showed was the case with arragonite and calcite, and with iron pyrites and
marcasite. But the most important is the discovery that in analogous compounds the
products of the atomic weights into the specific heats are approximately equal. NEU-
MANN stated this last observation in the following manner :—“In bodies of analogous
chemical composition the specific heats are inversely as the stochiometrical quantities,
or, what is the same, stochiometrical quantities of bodies of analogous chemical com-
position have the same specific capacity for heat.” NrumanN adduced 8 carbonates,
4 sulphates, 4 sulphides (Me 8), § oxides (Me O), and 3 oxides (Me, O,), as showing
this regularity, which is to be denoted as NEUMANN'S law *.
5. Soon after the publication of NEUMANN’s researches in 1833, Avoeapro published +
a ““ Memoir on the Specific Heat of Solid and Liquid Bcdies.” He there gave a number
of determinations of the specific heat of solid bodies made by the method of mixture.
As far as can be ascertained by comparison with the most trustworthy of our newer de-
. terminations, these results are by no means so accurate as those of NEUMANN; but they
are far more accurate than those which had been obtained up to about 1830, and many
of them come very close to the best of our modern results. It would be unjust to
AvoaaDRO’S determinations § to judge them all by one case, in which he obtained a
totally erroneous result (for ice, by a modified method) ; and by the circumstance that in
a subsequent memoir § he gives specific heats for several elements as deduced from his
experiments, which are decidedly incorrect||. AvoGADRO recognizes the validity of
Durore and Perir’s law.  With reference to the specific heats of compound bodies, he
considers that he had established, with tolerable probability, that for solid and liquid
“bodies the same regularity prevails which he had previously deduced for gases from
‘DuLoxe’s experiments. That is, ¢ that the specific heat of the atom of a compound body
is equal to the square root of the integral or fractional number expressing the atoms or
parts of atoms which go to form the atom-of the compound body such as it exists in the
solid or liquid state, taking as unity the specific heat of the atom of a simple body in the
samestate.” He observes that there is a difficulty incidental to the application of this
law to solid and liquid bodies, which is not met with in the case of gaseous bodies,
in which the composition by atoms or by volumes is held to be directly given by

opportunity of seeing Nrumann’s memoir cited by Parg, <Commentatio de emendenda formula per quam calores
corporum specifici ex experimentis methodo mixtionis institutis computantur.” Regiomonti, 1834.

* The objections of Reenavrr (Ann. de Chim. et de Phys. [3] vol. i. p. 131) as to the inadequacy of the
“proofs adduced by NEvManN in support of the law do not apply.

+ Ann. de Chim. et de Phys. [2] vol. Iv. p. 80, as an abstraet from ¢ Memorie della Someta Ttaliana delle
Scienze 1e31dente in Modena,” t. xx. Fascicolo 2 di fisica’.

4 They are also found in Gurrnv’s ¢ Handbuch der Chemie,” 4 Auflage, vol. i. in the Tables, pp. 215-218 e seq.

§ Ann. de Chim. et de Phys. [2] vol. I¥ii. p. 118,

[I T only know AvoeapRro’s investigations from the abstracts publishéd in the Ann. de Chim. et de Phys., and
am not aware whether the bold corrections of Avosapro urged by REeNavrr (Ann. de Chim. et de Phys. [2]
vol. 1xxiii. p. 10) were used in all his experiments, or only in some.
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observation. This difficulty consists in knowing what constitution is to be assigned
to the body in question for the solid or liquid condition; this constitution, from the
conclusions derived from his theoretical considerations, would often be different from
that which the body has in the state of gas or vapour. His considerations led him
to assume the atomic weights of many elements different from those which BERzELIUS
had given: AvoeaDpro described the atoms, to which the weights assumed by him refer,
as thermal atoms. )

6. R. HErMANN published in 1834 a memoir “ On the Proportions in which Heat
unites with the Chemical Elements and their Compounds, and on the Combining
‘Weights considered as quotients of the capacity for Heat of Bodies into their Specific
Gravities”*. He gives there a great number of determinations of the specific heat of
solid bodies (of a few elements, but chiefly of compound bodies). He made a few ex-
periments in which he used Lavoisier and LAPLACES calorimeter ¢ ;. but by far the
greater number of determinations are made by the method of coolingf. Many of his
results approach very closely to those which are at present considered accurate, but
they are in so far untrustworthy that a considerable number among them are decidedly
incorrect.

As for HErRMANN'S theoretical results, it must be borne in mind that, regardlno
matter as he does, not from the point of view of the atomic but of the dynamical
theory, he puts the idea of combination weights in the place of the idea of atomic
weights. The propositions which he endeavours to establish are the following. The
quotients obtained by dividing the specific gravities of the elements{ in the solid state
by their specific gravities in the gaseous state, are either equal or stand to each other
‘in simple ratios; theyare 1,2 ... . .. 15 times as much as a certain base. The
same is the case with the products of the specific gravities of the solid elements into
their specific heats, that is, with their relative heat; and the number indicating the
multiple for a given element is the same for both the above relations. It follows from
this that the combining weights m of the elements are proportional to the quotients of
their relative heats into their specific gravity in the solid condition ; that the. products
of the specific heats and the combining weights for different elements are equal to a
constant, and that from the known combining weight of an element its specific heat in
the solid form may be calculated (it is equal to 2375, where m is the combining weight
of the substance in question referred to oxygen = 1). For several elements (phosphorus,

* Nouveaux Mémoires de la Société ITmpériale des Naturalistes de Moscou, vol. iii. p. 137.

+ Hermaxy tried to alter this apparatus so as to make it serve for measuring the change of volume which
‘takes place when ice melts; but he did not further follow this application of the modified apparatus.

1 They are found not qmte complete in Guerin’s ¢ Handbuch der Chemle, 4 Auflage, in the Tables,

pp 215—218 et seq. :

'§ Hurmany considers that the spemﬁe gravities of the elements in the state of gas or vapour are either
obtained by observation, or may be theoretically deduced by assuming that they are in the ratio of the com-
bining weights. ‘
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tellurium, cadmium, and silver for instance) atomic weights are taken which differ froim
those of BerzeL1us. In the case of the sulphides, the specific heats may be calculated
from those of the constituents, assuming that the specific heats of the elements in these
compounds are the same as in the free state. The same holds good for several
chlorides and for basic metallic oxides, if the specific heats of chlorine and of oxygen,
as given by the above formula, are taken as basis. But in acids a smaller specific heat
must be taken for oxygen (one half in several acids and null in phosphoric acid); and
there are even compounds (cassiterite, e. ¢., or arsenious acid), in which the same element
is contained partly with the normal and partly with the modified specific heat*. For
oxygen salts it is to be assumed that both the acid and the base have the same specific
heat as in the free state, and hence the specific heat of one constituent (of the acid, for
instance) may be calculated, if that of the salt and that of the other constituent (the
base) is known ; and it is also found that the specific heat of chromic acid in the neu-
tral and in acid chromate of lead is the same.

This memoir of HERMANN’S did not become much known. Unacquainted with it,
other philosophers have subsequently developed independently similar opinions.

7. In 1835 RuDBERG described a methodt, which, by ascertaining the heat developed
when salts are dissolved in water, in experiments in which the proportion of the salt
to the water was constant, but the temperature of the salt varied, should give a means of
at once determining the specific heat of the salt, and of the heat which was either absorbed
or became free. Yet the numbers which he obtained from his experiments for the
specific heat of solid salts are undoubtedly erroneous.

Dumas] (in 1838) discussed the possibility of determining the specific heat of organic
bodies by the following process. A platinum vessel containing the substance in ques-
tion, along with a thermometer, is to be heated to 30° or 40°, and then brought into a
vessel provided with a second thermometer, and containing water, the temperature
being about 6° or 6° lower than that of the surrounding room. 'When the temperature
has risen to the same extent above that of the room, both thermometers are to be
observed. I know no determinations made by this method.

8. In 1840 ReeNaULT commenced the publication of a series of important investiga-
tions on specific heat which he had made. As they are generally known, I may be
more brief in enumerating the contents of the individual publications. In the first
which he published, REeNavLT developed § the reasons which led him to prefer the
method of mixture to other processes for determining the specific heats of solid bodies;

* Heruany designates such compounds as hermaphrodites. He thinks that an acid and a base may have the
same composition, and that they may form salts with each other. Cassiterite, for instance, he considers to be
stannate of binoxide of tin.

+ BerzerLivs’s ¢ Jahresbericht,’ vol. xv. p. 63. PoeeENDORFF’s ‘Annalen’, vol. xxxv. p. 474,

+ Dyumas’s ¢ Thése sur la question de l'action du calorique sur les corps organiques” (Paris, 1838) Ann.
der Pharm. und Chem. vol. xxviii. p. 151.

§ Ann. de Chim. et de Phys. [2] vol. Ixxiii. p. 5.
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he described his mode of executing this method, and published the results obtained for
a great number of elements. In a second memoir * he gave the specific heats of several
metallic alloys containing metals in simple atomic ratios, and of a great number of
solid chemical compounds; and he published comprehensive experiments on the specific
heat of carbon in its different conditions. The investigations announced in the first
memoir T on the specific heat of organic compounds, as well as those promised in the
second memoir} on the specific heat of sulphur at different temperatures, have not to
my knowledge been published. But in a third memoird ReeyavLr has investigated
the difference in the specific heats of certain metals according as they are hardened or
soft, and also with reference to sulphur according as it is in the native crystallized form,
or hassolidified a longer or shorter time after being melted; and he has more especially
tried to impart greater certainty to the method of cooling. In his subsequent inves-
tigations, however, he has only used the method of mixture as being the more certain.
These investigations || have given the specific heats of a large number of solid elements,
and also of individual compounds.

By his investigations ReEéNAULT has removed some objections which seemed to affect
Durone and Pemts law, and has given a great number of new cases in which it
applies. He considers 9 this law 1o be universally valid, and discusses the reasons why
for individual elements the specific heats found do not quite agree with the law, but
only approximately. In his view the atomic weight of an. element is to be so taken
that it agrees with DuLoNG and Pemir’s law. He took the atomic weight of silver and
of the alkaline metals half as great, and that of carbon twice as great as BERzELIUS
had done. Yet with regard to selecting, by means of the specific heat, from among
the numbers which the chemical investigations of an element has given as admissible,
that which is the correct one, REGNAULT does not always express himself decidedly.
In the case of carbon ** and of silicium §+ he mentions the possibility of their disagree-
ment with DuLone and PeriT’'s law. He proved the validity of NEUMANNS law for a
number of cases very considerably greater than that on which it had originally been
based ; and he expressed it in a much more general form$f. ¢ In all compounds of ana«
logous atomic composition, and similar chemical constitution, the specific heats are
approximately inversely proportional to the atomic weights. REeNAUvLT designates the
numbers agreeing with this law as thermal atomic weights. He has either determined
them directly from the numbers found for the specific heats of the elements in the free

. * Ann de Chim. et de Phys. [3] vol. i. p. 129. t Ibid. [2] vol. Ixxiii. p. 71.

+ Thid. [8] vol. i. p. 205. § Thid. [3] vol. ix. p. 322,

|| Ibid. [3] vol. xxvi. pp. 261 & 268; vol. xxxviii. p. 129; vol. xlvi. p. 257; vol. Ixiii. p. 5. Comptes
Rendus, vol. 1v. p. 887, :

€ Ann. de Chim. et de Pliys. [2] vol. Ixxiii. p. 66 ; further, [3] vol. xxvi. p. 261, and vol. xlvi. p. 257,

#% Thid. [3] vol. i. p. 205. But both before and after (Ibid. [2] vol. Ixxiii. p. 71, and [3] vol. xxvi. p. 263)
Reevavrrinclined to the view that carbon, with the equivalent=12, and the specific heat found for wood-charcoal,
must be considered as obeying Durone and Prrrr’s law.  ++ Ibid. vol. Ixiii. p. 80. fi Ibid. vql. i.p. 199.
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state, applying Durone and PETIT'S law, or indirectly by ascertaining the specific heat
of solid compounds, assuming NEUMANN’S law; or finally (and only in a few cases), he
has determined them by means of their probable analogies. These are the atomic
weights given in the second column of the Table in § 2. : ‘

With regard to the relations of the specific heats of solid compounds to those of their
constituents, REGNAULT has shown * that with metallic alloys, at a considerable distance
from their melting-points, the specific heats may be calculated from those of their con-
stituents in tolerable accordance with the experimental results, assuming that the
specific heats of the metals are the same in the alloys as in the free state. The investi-
gation, whether for true chemical compounds there is a simple relation between their
specific heats and those of their constituent elements, REGNAULT has reserved § till the
conclusion of his experiments on the specific heats of gaseous bodies. To my know-
ledge he has published nothing for solid bodies. But in 1862, with reference to the
relations which had been recognized between the specific heats and atomic weights of
solid, simple or compound bodies, he spoke as follows §. ¢ It is true that these laws, in
the case of solid bodies, only apply approximately to simple bodies and those compounds
of least complex constitution; for all others it is impossible to pronounce anything in
this respect.” From some remarks of REGNAULT in reference to carbon || and silicium 9
he considers it possible, or probable with certain elements, that they have a different
specific heat in their compounds to that which they have in the free state.

9. In 1840 DE Lo Rive and MARcET published ** investigations on the specific heat of
solid bodies. They made their determinations by the method of cooling. They found
that, assuming BERZELIUS'S atomic weights, selenium, molybdenum, and wolfram fall
under Duroxe and PemiT’s law, which they consider as universally valid; but that
carbon forms an exception, and they consider it as probable that its true atomic weight
has not yet been ascertained. For several sulphides they found a greater specific heat
than was calculated for them, assuming that their constituents have in them the same
specific heat as in the free condition. They think that for solid as well as for liquid
and gaseous compounds the law governing the specific heat is still unknown. A sub-
sequent memoir by these physicists 7 treated of the specific heat of carbon in its various
conditions.

10. In 1840 31 H. ScHRODER made an investigation as to what volumes are to be
assigned to the constituents of solid and liquid compounds when contained in those
compounds. In his memoirs on the subject, he expressed the view that the specific
heat of compounds depends on the specific heats of the constituents in that particular

* Ann. de Chim. et-de Phys. [3] vol. i. p. 183. + Ibid. p. 132.

1 ReeNavrr has made known the results of these experiments in 1853 by a preliminary account in the Comptes
Rendus, vol. xxxvi. p. 676, and more completely in 1862 in his ¢ Relation des expériences pour déterminer les
lois et les donnédes physiques nécessaires au calcul des machines & few,” vol. ii. p. 3. :

§ Relation, &c. vol.ii.p. 289. || Ann. de Chim. et de Phys. [3] vol. i. p.205." 9 Ibid.[3] vol. Ixiii. p. 31.

## Tbid. [2] vol. Ixxv. p. 113.  +t Ibid. [3] vol. ii. p. 121. " i PoeeENDORFF's ¢ Annalen,’ vol. L.p. 553,
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state of condensation in which they are contained in the compounds in question. In
1841 *, reasoning from the results of REGNAULT’S experiments, he endeavoured to show
that the atomic heat (that is the product of the atomic weight into the specific heat)
of a compound is equal to the sum of the atomic heats for the states of condensation
in which the elements are contained in the compound, and to ascertain what atomic heats
are to be assigned to certain elements in certain compounds. On the assumption that
the atomic heat of metals in compounds is as great as in the free state, he endeavoured
to determine the atomic heat of oxygen, sulphur, &c. in certain compounds of these
elements with the metals; he came to the conclusion that an element (sulphur for in-
stance) may in some compounds have an atomic heat different from that which it has in
the free state; and the same element (sulphur or oxygen for instance) may have different
atomic heats in different compounds; but the changes in the atomic heat of an
element always ensue in simple ratios. I cannot here adduce the individual results,
which he obtained when he inferred the atomic heat of an element in a compound by
subtracting from the atomic heat of the compound the atomic heat of the other
elements in it, which he had calculated either from direct determinations of their
specific heat, or from previous considerations. The essential part of ScHRODER'S con-
ception is that in this manner the atomic heat of a body, as a constituent of a compaund,
may be indirectly determined ; and the result is that the atomic heat, at any rate of some
elements in compounds, is different from what it is in the free state, and may be different
in different compounds, and that the changes are in simple ratios. SCHRODER considered
also that there was probably a connexion between these changes and those of the
volumes of the elements, without, however, stating how from the one change the other
might be deduced.

11. L.GueLIN (in 1843) considered it as inadmissible, from the chemical point of view,
to assign throughout such atomic weights to the elements as to make them agree with
Durore and Prrr’s law. Certain exceptions must be admitted. Comparing the
specific heats of oxygen, hydrogen, and nitrogen for the gaseous state with the specific
heats of other elementsin the solid state, he came to the conclusion that if the numbers
given in § 2 as the equivalents ordinarily assumed be taken as atomic weights, the
atomic heat of hydrogen, of nitrogen, and by far the greater number of the elements is
equal to about 3-2; several of them twice as great, that of oxygen one-half, that of
carbon (as diamond) one-fourth as great. With reference to the dependence of the
atomic heats of the compounds on those of the elements, GMELIN expressed the opinion J
that in general the elements on entering into compounds retain the atomic heats they
have in the free state, but for individual elements, especially for oxygen and carbon, it
must be assumed that their atomic heat changes in simple ratios with the compounds.
into which they enter. :

* PoeGENDORFF’s ¢ Annalen,” vol. lii. p. 269. + L. GuerLiN’s ¢ Handbuch der Chemie,” 4th ed. vol. i. p. 217.
1 Ibid. p. 222: compare an earlier remark of Gaerin which applies to this subject (1840) in the new edition
of GEHLER’s ¢ Physikalisches Warterbuch,” vol. ix. p. 1941.

MDCCCLXYV. N
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12, Wasry~N was also of opinion® that the specific heats of the elements remain
unchanged when they enter into chemical compounds. In 1848 he stated as a general
proposition ; “ The quantity of heat necessary to raise the temperature of the atomic
weight of a body through 1° is equal to the sum of the quantities of heat necessary to
raise the temperature of the atoms, and fractions of atoms, through 1°”. If A is the
atomic weight and C the specific heat of a compound, @, @, a; . . . . the atomic
weights+, and ¢, ¢, ¢ . . . . the specific heats of the elements contained in it, and
Ty, Moy M3 . . . . the numbers which express how many atoms of each element are con-
tained in an atom of the compound, then

AC=m,a,0,FNosCoFN305C5 . . o v oo

As a proof of this law, he compared the calculated values of AC of several compounds
(metallic iodides and sulphides) and alloys with the observed values, taking REGNAULT'S
determinations of the specific heats of the elements and of the compounds. It follows,
further, from that proposition, that if the formula and the values for several compounds
are compared with each other, there must be the same differences of the values AC for the
same differences of formule. Wasryy showed by a number of examples that this is so
approximately. By means of this law, the product of the specific heat and the atomic
weight for one constituent of a compound may be found, if this is known for the compound
and the other constituents. WastyN deduced in this way the product for oxygen (by
subtracting from the product for different metallic oxides that found for the metals,
and from chlorate of potass that for chloride of potassium) to be 2-4 to 2-1 (O.=8),
and for chlorine 30 to 38:5 (CL=17-75). WastyN finally expressed a doubt
whether NEuMANN’S law is universally applicable. He laid stress on the circumstance
that when two elements give different products, the difference is also met with in the
products for their analogous compounds; and, for instance, the greater products which
mercury and bismuth have in comparison with other elements, are also met with in the
compounds of these metals.

13. GarNIER (in 1852) developed the viewf, that not only in the case of elements are
the atomic weights A § inversely proportional to the specific heats C, but that the same
is the case with water| and solid compounds in whose atom n elementary atoms are

contained, if the so-called mean atomic weight % be compared with the specific heat C;

for elements A x C=3, and for compound bodies %x C=3 (if 0=8). He endeavoured

to prove this from REGNAULT'S determinations of specific heats. From the latter equa-
tion he calculated the specific heat for several compounds. In the case of the basic
oxides, sulphides, chlorides, bromides, and iodides, his calculated results agree tolerably
~ # Ann. de Chim. et de Phys. [3] vol. xxiii. p. 295.

+ Wastyy based his considerations on Reeyavrr’s thermal atomic weights.

+ Comptes Rendus, vol. xxxv. p. 278. § If Rmewavir’s thermal atomic weights are taken.

| Ishallin § 93 return specially to the question how often the specific heat of liquid water was compared
with that of solid bodies.
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with the observed ones; this is less the case with metallic acids and oxygen salts, for
which calculation mostly gives results far too large. GaRNIER* drew, further, from
the above proposition the conclusion, that the atemic weight of hydrogen, chlorine, &e.
must in fact be taken only half as great as the equivalent weight; for only by assuming
this smaller atomic weight is the mean atomic weight such that its product with the
specific heat is near 3. :

In 1852 BawearArIf repeated that the specific heat of an atom of a compound body
(that is, its atomic heat) is equal to the sum of the specific heats of the individual con-
stituent simple atoms, and showed, from a series of examples (oxides, chlorides, sulphates,
and nitrates), that, according to that proposition, the atomic heats of many compounds
may be calculated in tolerable approximation with those derived from REGNAULT'S expe-
rimental investigations, if, for the elements which he investigated, the atomic heats
derived from his determinations be taken as a basis, that is, for oxygen (O=8) the
atomic heat 1:89; for chlorine (Cl=17-75) 3-21; for nitrogen (N=7) 3-11.

CaNN1zaRO (in 1858%) has used the proposition, that, in the sense above taken, uni-

versally %gza constant, for the purpose of ascertaining the value of n for the atomic

weight of different compounds, and therewith ascertaining the atomic weight of elements
which are contained in these compounds.

14. Besides those of REGNAULT, but few experimental determinations of the specific
heats of solid bodies have been published. BEDE{ and BystroM| have published inves-
tigations on the specific heat of several metals at different temperatures: both sets of
experiments were made by the method of mixtures. From the year 1845, PErson*¥, in
his investigations on the specific heat of ice, then on the latent heats of fusion, and
their relations to the specific heats in the solid and liquid condition, has determined the
specific heat for several solid substances, especially also for some hydrated salts. He
worked more especially by the method of mixture. He observed{t, in the case of these

* Comptes Rendus, vol. xxxvii. p. 130.

+ An abstract from Memorie della Accademia delle Scienze di Torino, [2] vol. xiii. p. 287, in the Archives des
Sciences Physiques et Naturelles, vol. xxii. p. 81. I only know the contents of this memoir from this abstract.

+ I1 Nuovo Cimento, vol. vii. p. 821, Prazza also gives a statement of this speculation in his pamphlet,
¢« Formole atomistiche et typi chimici,” 1863. I only know this from a notice in the Bulletin de la Société
Chimique de Paris, 1863.

§ An abstract from the Bulletin de ’Académie des Sciences de Belgique, vol. xxii. p. 473, and the Mémoires
Couronnés par PAcadémie de Belgique, vol. xxvii., appeared in the Bericht iiber die Fortschritte der Physik im
Jahre 1855, dargestellt von der physicalischen Gesellschaft zu Berlin, p. 879,

|| Abstract from the Oversigt of Stockholm Vetenskaps-Akademiens Forhandlingar, 1860, in the same Jahr-
esbericht, 1800, p. 369. ’

€ To the experiments of Durone and Perrr on this subject, mentioned in § 3, Povrrier’s determinations of
the specific heat of platinum at different temperatures must be added (Comptes Rendus, vol. ii. p. 782).

*¥ Comptes Rendus, vol. xx. p. 1457 ; xxiii. pp. 162 & 866. Ann. de Chim. et de Phys.[3] vol. xxi. p. 295 ;
xxiv. p. 129 ; xxvil. p. 2560; xxx. p. 78. '

++ PErsox expressed this in 1845 (Comptes Rendus, vol. xx. p. 1457), with regard to his determinations of

N2
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salts, that their specific heats may be calculated in close approximation with those found
experimentally on the assumption that the constituents, anhydrous salt and water con-
sidered as ice, have the same specific heats in them as in the free state. By the same
method, ALLUARD* (in 1859) determined the specific heat of napthalene. ScHAFARIKF,
lastly, has executed by the method of mixtures a series of experiments on the determi-
nation of the specific heats of vanadic, molybdic, and arsenious acids.

Quite recently (1863), PApE] has published investigations on the specific heat of anhy-
drous and hydrated sulphates. He worked by the method of mixture, which he mo-
dified in the case of salts rich in water, by placing them in turpentine, and observing
the increase of temperature produced in the salt and in the liquid by immersing heated
copper. As a more general result, PAPE finds that for hydrated sulphates of analogous
formule, the products of the specific heats and the equivalents are approximately
equal; and further, that with sulphates containing different quantities of water, the
product of the specific heat and the equivalent increases with the quantity of water,
in such a manner, that to an increase of each one equivalent there is a corresponding
increase in the product.

15. In the preceding paragraphs I have collated, as far as I know them, the investiga-
tions on the specific heat of solid bodies, on the relations of this property to the atomic
weight, and on the connexion with the chemical composition of a substance. The views
which have been expressed relative to the validity of DuronG and PErir’s § and of
NEeumany’s laws, and also as to the question whether the elements enter into chemical
compounds with the same specific heats which they have in the free state or with modi-
fied ones, have been various and often discordant. In this respect it may be difficult to
express an opinion which has not been already either stated or hinted at, or which at
any rate cannot be naturally deduced from a view previously expressed.
~ The results to which my investigations.on the specific heats of solid bodies have led
me are -the following :—FEach solid substance, at a sufficient distance from its melting-
point, has a specific heat, which may vary somewhat with physical conditions (tempe-
rature, greater or less density, amorphous or crystalline conditions, &c); yet the variations
are never so great as must be the case if a variation in the specific heat of a body is to

the specific heat of erystallized borax and of ordinary phosphate of soda. He has subsequently published the results
of his experiments for the latter salt (Ann. de Chim. et de Phys. [3] vol. xxvii. p. 253), but I cannot find the
number which he found for crystallized borax. * Ann. de Chim. et de Phys. [3] vol. lvii. p. 438,

+ Berichte der Wiener Akademie der Wissenschaften, vol. xlvii. p. 248.

1 PoeeENDORFF’s ¢ Annalen,” vol. exx. pp. 337 & 579.

§ The universal validity of this law was also defended by Brepow, « On the relation of the Specific Heat to
the Chemical Combining Weight.” Berlin, 1838. T only know this paper from the mention of it in the new
edition of GEHLER’s ¢ Physicalisches Worterbuch,” vol. x. p. 818. It is also admitted by Maxw, in his attempt to
deduce this law from the undulatory theery of heat. (1857: ScEromrincm and Wrrzscrers ¢ Zeitschrift fiir
Mathematik und Physik,’ IT. Jahrgang, p. 280); and by Sreraw, in his investigation on the bearing of this
law on the mechanical theory of heat (1859 : Berichte der Wiener Akademie, vol. xxxvi. p. 85).
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be held as a reason for explaining why the determinations of the specific heats of solid
elements do not even approximately obey DuLonG and PrriT’s law, nor those of solid com-
pounds of analogous chemical constitution NEUMANN’S law. Neither law is universally
valid, although T have found that NEuMANN’s law applies in the case of many compounds
of analogous atomic composition, to which, on account of their totally different chemical
deportment, different formulas are assigned; and even in cases in which these laws have
hitherto been considered as essentially true, the divergences from them are material.:
Each element has the same specific heat in its solid free state and in its solid com-
pounds. From the specific heats to be assigned to the elements, either directly from
experimental determination, or indirectly by calculation on the basis of the law just
stated, the specific heats of their compounds may be calculated. I show the applicability
of this by a great number of examples. ‘

In reference to this calculation of the specific heats of solid bodies I may here make
a remark. The agreement between the results of calculation and experiment is often
only approximate; it is then natural to urge that the two ought really to agree more
closely. To that the question may be allowed: What means are there of even approxi-
mately predicting and calculating beforehand the specific heat of any inorganic or
organic solid compound when nothing but its empirical formula is given? to which
among the numbers 0-1,0:2, 03 . ... .. may it come nearest? The cases in which
differences exist between calculation and observation, enumerated in § 103 to 110, may
be set against thés uncertainty.

My proof of the propositions given above is based on determinations made by earlier
inquirers, and on a not inconsiderable number of my own. I first describe the method
by which I worked, and then give the results which I have obtained by its means.

PART II.—DESCRIPTION OF A METHOD OF DETERMINING THE SPECIFIC HEAT OF SOLID
BODIES.

16. I have worked by the method of mixture. It is not necessary for me to discuss
the advantages which this method has over that of the ice-calorimeter, at any rate in
requiring smaller quantities; nor, as compared with the method of cooling, need I dis-
cuss the uncertainties and differences in the results: for the same substance, which are
incidental to the use of this method, and which Reey¥AULT has detailed *.

The method of mixtures has been raised by NEuMANN and by REGNAULT to a high
degree of perfection. Although by NEuMANN’S method it is possible to determine more
accurately the temperature to which the body investigated is heated, REGNAULT’S method
allows larger quantities to be used. REGNAULTS process gives the specific heats of
such substances as can be investigated by it as accurately as can at all be expected in
the determination of this property. In the case of copper and steel, it is not merely
possible to determine their specific heats by its means, but also to say whether and how

* Ann. de Chim. et de Phys. [2] vol. Ixxiii. p. 14; [3] vol. ix. p. 327.
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far there is a difference in the first metal according as it has been heated or hammered,
and in the second, according as it is soft or hard. It may be compared with a gonio-
meter, which not only measures the angles of a crystal, but also the differences in the
angle produced by heat; or it may be compared to a method for determining the specific
gravity of a body, by which not only this property, but also its changes with the tem-
perature may be determined. But along with such methods, simpler ones, though
perhaps less aceurate; have also their value. Which method is the most convenient or
which ought to be used in a given case, depends on the question to be decided by the
experiment, or on the extent to which the property in question is constant in the sub-
stance examined.

In regard to the relations of the specific heat of solid bodies to their atomic weight
and to their composition, REGNAULT'S determinations have shown that both DuLrone
and Perir’s and NEUMANN'S law are only approximate, and that even the accuracy in
determining the specific heat which ReenavLr attempted, and obtained, could not show
that these laws were quite accurate:

Although the description of REGNAULT'S mode of experimenting is so widely known, yet
it cannot be said to have become the common property of physicists, or to have found
an entrance into the laboratories of chemists, to whom the determination of the specific
heat is interesting from its relation to the atomic weight. Very few experiments have
been made by this method other than the determinations of Reanavrr. The method
depends on the use of an apparatus which is tolerably complicated and takes up much
room. Fach experiment requires a long time, and for its performance several persons
are required. REGNAULT has usually worked with' very considerable quantities of the
solid substance, and in by far the majority of cases at temperatures (usually up to 100°)
which many chemical preparations, whose specific heats it is important to know, do not
bear. In the sequel I will describe a process, for the performance of which the
apparatus can be readily constructed, and for which one operator is sufficient ; by which,
moreover, the determination of specific heat can be made with small quantities of the
solid substance and at a moderate temperature. But the method as I have used it has
by no means the accuracy of that of ReeNavLr. In § 18 I shall discuss the advantages
for which some of the accuracy which characterizes REGNAULTS method is sacrificed ; but
I may here remark that the results obtained by the method which I have used are
capable of increased accuracy, provided the experiments are executed on a larger scale
and within greater ranges of temperature. '

"17. The principle which forms the basis of my method is as follows :—To determine
the total increase of temperature produced when a glass containing the substance to be
investigated, covered by a liquid which does not dissolve it, the whole previously warmed,
is immersed in cold water; to subtract from the total increase of temperature that due
to the glass and the liquid in it, and to deduce from the difference, which is due to the
solid substance, its specific heat.

If, in regard to gain or loss of heat, the glass, in so far as it comes in contact
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with water, is equivalent to x parts of water, if f is the weight of the liquid in it, y its
specific heat, m the weight of the solid substance, M the weight of the water in a calo-
rimeter, including the value in water of the immersed part of a thermometer and of the
calorimeter, T the temperature to which the glass and its contents have been heated
before immersion in water, and T’ the temperature to which the glass sinks when im-
mersed in the water, while the temperature of the lajter rises from ¢ to ¢/, then the
specific heat (sp. H.) of the solid substance is

M@ —t) = (z+fy) . (T=T')

m(T—T")

In the sequel I shall discuss more specially the manner in which the individual mag-
nitudes in this equation were determined: I will first give a description of the apparatus
and method which I used*.

The glass vessel in which the substance is confined (Plate XX. @ in fig. 1) is a tube of
glass, the bottom of an ordinary test-tube. In it fits, but not air-tight, a cork ¢, which
is pressed between two small brass plates that are screwed to a wire 4. The solid sub-
stance to be investigated, in the form of thin cylinders, or in small pieces the size of a
pea, along with a liquid of known specific heat, which does not dissolve it, are placed in
the tube in such a manner that the liquid covers the solid substance, and that there is a
space between the liquid and the cork when it is inserted. The glass, when the cork is
fitted, may be suspended to the balance by the wire . Three weighings (1) of the empty
glass, (2) after introducing the solid substance, and (3) after introducing the liquid, give
the weight of the solid substance (m) and of the liquid (f). ‘

The heating apparatus (fig. 1) serves to raise the temperature of the glass with its
contents. The glass is dipped in a mercury-bath A near its upper edge, and retained
by a holder E. The mercury-bath, which consists of a cylindrical glass vessel, is sus-
pended by means of a triangle round the neck of the vessel in an oil-bath B, which
stands on a tripod C, and can be heated by a spirit-lamp ). A thermometer d+, fixed
to the holder F, is also immersed in the mercury-bath.

The flame of the spirit-lamp may be regulated so that the thermometer d indicates
the same temperature for a long time §. If it may be assumed that the contents of the
glass @ have also risen to this temperature, then the wire & being firmly held in the
right-hand by its hook, and the clamp of the holder E in the left, the glass ¢ is rapidly
removed from the heating vessel to the calorimeter H (fig. 2). This is almost the only
part of the entire experiment which really requires much practice; the transference of

sp. H=

# All figures.on the Plate are one-third of the natnral size.

+ Fig 7 shows in section how the glass with its contents and the thermometer dip in the mercury-bath and
this in the oil-bath.

+ Inorder to obtain temperatures constant at about 50°, a spirit-lamp with a thin wick is used, and this is
pressed in the sheath so that the alcohol-vapour above it burns with a very small flame. The position of the
-wick and the intensity of the flame may be conveniently regulated if the upper parf of the wick is surrounded
by a spiral of thin copper wire whose ends project from the sheath.
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the glass @ from the one vessel to the other must be effected in an instant, and none of
the liquid in the glass must touch the cork.

The calorimeter H stands upon a support G (fig. 2)*, on which there is an oval metal
plate 0. In this there are three depressions, in which fit the three feet of the calori-
meter (they are made of very thin hard brass wire). The calorimeter is oval-shaped,
and is made of the very thinnest brass plate. In it a brass stirrer fits, made of two
parallel plates of brass of the same thinness, which are joined below by thin wires, and
provided with a thin wire ending in a little button ¢, which serves as handle. The plates
of the stirrer are perforated in such a manner that the glass ¢ and a thermometer can
be passed through them. Fig. 4 shows more distinctly the construction of the stirrer,
also the section of the calorimeter.

For the experiments, the calorimeter is always filled, as nearly as possible, with the
same quantity of watert. The stirrer is immersed, and a thermometer f dipping in the
water gives its temperature, which is kept uniform by an upward and downward uniform
motion of the stirrer. 'When the tube @ is brought into the water of the calorimeter, it
is fastenedy in the clamp of the holder K, which is arranged like the pincettes used for
blowpipe experiments, so that it stands on the bottom of the calorimeter, and then the
stirrer is set to work. This motion of the stirrer, and therewith of the water, must be
moderate and uniform in all experiments; this is of some importance for the uniformity
and comparability of the experiments. The temperature indicated by the thermometer
f rises and soon attains its maximum, which continues for some time, and can be observed
with certainty. With this the experiment is concluded. The tube @ can be taken from
the calorimeter, dried, and used for a new experiment.

The increase of temperature produced in the calorimeter by the tube and its con-
tents, would be incorrectly given if the warmth of the body of the operator, who moves
the stirrer and observes the thermometer, acted on the calorimeter. This is prevented
by a glass screen ¢ ¢ ¢ ¢, fig. 2, which is fitted in the brackets % %, and above which the
handle of the stirrer projects.

18. This process for determining the specific heat of solid bodies, the details of which

‘are more minutely discussed in the sequel, has advantages over those hitherto prin-

* In making the experiment, the actual distance between the calorimeter and the heating apparatus must be
greater than is indicated in the figure, but not so great that the glass @ cannot, by a rapld motion of the arm,
be transferred from the mercury-bath to the calorimeter.

t This is most conveniently effected by laying across it a bridge with a stem directed downwards (fig. 3),
and adding water until it touches the point of the stem ; and the calorimeter, which now contains almost the
requisite quantity of water, is placed on the balance, and the filling completed by means of the dropping-flask
(fig. 8). The construction of the latter is readily intelligible: it is held by the cork between two fingers, and
by approaching the hand to the bottom of the flask water commences to drop. When the flask is not in use
the tube, which fits air-tight in the cork, is raised, so that it does not dip in the water, and thus the water is
prevented from escaping.

f Fig. 5 shows in'a section the glass «, with its contents, and the thermometer f immersed in the water of
the calorimeter.
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cipally used, which I will here mention. The use of the mercury-bath makes it possible
readily to produce, and maintain for any adequate length of time, any temperature de-
sirable in such experiments. The mercury-bath * shares with the air-bath the advantage
that, to the substance heated in it (in this case the tube and contents), nothing adheres
when it is removed which might influence the thermal effect in the calorimeter. It
has over the air-bath the advantage, that any body placed in it takes the tempera-
ture of the surrounding medium much more quickly through its entire mass. The
communication of heat to the solid substance is materially promoted by the circulation
of the liquid between its particles; the time necessary for the entire contents of the
glass to become equally heated is a very short onef. Moreover this very circulation
of the liquid between the particles of the solid ensures a quicker and more uniform
transmission of the heat of the contents of the glass to the water of the calorimeter ;
the maximum temperature of this water is soon attainedf, although the transmission
of the excess of temperature must take place through the sides of the glass.

* Tn 1848 T already used such a one for heating liquids enclosed in glass tubes, in determining their specific
heats (PoceENDORFE'S ¢ Annalen,” vol. Ixxv. p. 98).

1 In experiments on the scale on which I made them, when the mercury-bath had once been raised to the
requisite temperature, it only required ten minutes’ immersion of the glass in the bath to impart to it the tem-
perature of the bath. A more prolonged heating was found to be useless in all cases in which I tried it. ‘In the
experiments to be subsequently described, the heating was continued about ten minutes ; in most cases less would
have been sufficient. In Reewaurr’s experiments (Ann. de Chim. et de Phys. [2] vol. Ixxiii. p. 22), in which the
substance (in much larger quantities it is true) was heated in a space nearly surrounded by steam, a thermo-
meter placed in the substance indicated after about two hours an almost constant position (always one or two
degrees lower than the temperature of the steam); and then it was found convenient to continue this heating for
at least an hour, in order to see that the temperature did not change, and to be certain that the substance had
the temperature indicated by the thermometer throughout its entire mass. In Nrumany’s experiments, the space
in which the substance to be heated is contained is smaller and more completely surrounded by vapour. The
time necessary for heating the substance uniformly must be smaller, and the temperature must be nearer that of
the surrounding vapour. According to Pare (PoesENDORFF's ¢ Annalen,” vol. cxx. p. 352), a thermometer placed
in the above space, if surrounded by steam for forty-five to sixty minutes, gives exactly the temperature of
this steam. v A

+ In several experiments I determined the time which elapsed between immersing the glass with contents
in the water of the calorimeter and its attaining a maximum. TUnder the circumstances, which I subsequently
give more specially, and which, as far as possible, were maintained in all experiments, this time was always less
than two minutes, if the liquid could circulate between compact pieces of the solid substance. 'What I have said
above justifies, I think, my not having made, in experiments with such substances, a correction for the loss of
heat which the calorimeter experiences between the moment of immersing the glass and the establishment of a
maximum temperature. In substances which form a fine powder or a porous mass, or in general in cases in which
the circulation stagnates, the maximum temperature is more slowly attained, the above loss of heat is more con-
siderable, and the numbers for the specific heats are then somewhat too small. I shall recur to this again in
enumerating the experiments in § 41 with chromium, and in § 52 with chloride of chromium. In a few cases
I have endeavoured to diminish this error, and to promote the circulation of the liquid by pressing the porous
substance into small disks. I must leave it as am open question whether more accurate results would not be
obtained for such substances if they were formed by means of a suitable cement into compact masses, and then
the thermal action of the cement thus added taken into account.

MDCCCLXYV. 0
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The apparatus which I have just described is very simple. It is readily constructed ;
the chief point is to have two thermometers which have been compared with each other,
one of them (f) graduated in tenths of a degree, while on the other (d) the tenth of a
degree can be observed with certainty. The apparatus does not require much space ;
yet, while the experiment is being made, rapid changes in the temperature of the sur-
rounding air must be avoided. One observer only is required (all the experiments
described in the sequel have been made without assistance). The experiments which I
shall communicate prove that, by means of this apparatus, the specific heat of solid
substances, even when only small quantities are taken (in most cases I worked with
only a few grammes), may be determined with an accuracy not much less than that
attained with larger quantities in more complicated processes.

19. Yet, it is true, the accuracy of the results obtained by this process appears to be
inferior to that attainable by the use of NEUMANN’S or of REGNAULT'S methods. I have
investigated many substances, determinations of which have also been made by these
physicists. I do not find that the numbers I have obtained deviate in one special direc-
tion from those which these physicists have found, which moreover sometimes differ
considerably among themselves*; but that the certainty of the results I have obtained is
less, is shown by the fact that the results of different experiments with the same substance
agree less closely with one another than do those of Rrevavny and of NEUMANN.

That my determinations are less accurate is probably least due to the circumstance
that I did not use certain corrections, for instance, that I did not allow for the loss of
heat in the calorimeter between the time when the heated body was immersed and the
maximum temperature was attained§. I have endeavoured to diminish the uncer-
tainty of the results from this source by having the temperature of the water in the calori-
meter, before immersing the heated body, somewhat lower than that of the surrounding
air. I have endeavoured to ensure comparability in my results for different substances
by always operating as much as possible under the same circumstances; that is, I
endeavoured always to produce in the water of the calorimeter the same excess of
temperature over that of the surrounding air. Without depreciating the interest and
value of such corrections, I think that their application may be omitted if their practical
importance is inconsiderable, and the increased difficulties which they necessitate pro-
portionally large. It must be considered, in reference to such corrections, how far
the accuracy, which the results obtained by their means claim, is not more apparent than
real{. And further, that these corrections, where the conditions for their application
really exist, are not considerable; while, where they exert a considerable influence on
the result, they may be uncertain, because the suppositions made in their development

* PAPE, in PoseENDORFF’S ‘Annalen,” vol. cxx. p. 579, discusses the probable causes of these differences.

+ Amother correction, which appears to me to be more important for the experiments in question, is, that the
contents of the glass at the time at which the temperature of the water is at its maximum may be at a some-
what higher temperature. This I have approximately taken into account. Compare §§ 23 & 24.

T It is unnecessary to adduce examples where such corrections, proceeding from as comprehensive a basis as
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are less applicable. But more especially can such corrections be disregarded when, as
in the case with my determinations, other circumstances diminish more materially the
accuracy of the results to be obtained. |

Such circumstances in my experiments are, that I worked on a small scale in every
respect. I could only heat the solid investigated together with a liquid to 50°, and in
many cases not even to this. In NrumaNN’s and in REGNAULI'S experiments, on the
contrary, the solid was usually heated to near 100° and the difference in temperature,
T—T' (compare § 17), obtained in the latter experiments was usually thrice as great
as in mine. In REeNAULT’S experiments (in NEUMANN’S the details are not given) the
quantity of substance taken was, on the average, twenty times as much, and the weight
of water in the calorimeter about eighteen times as much as in mine *: hence in the
latter experiments the unavoidable accidental errors of observation must be greater
than in the former.

But there is a still more important circumstance which makes the accuracy to be hoped
for from my experiments less than that to be expected from RrGNAULT'S and NEUMANN'S
experiments. In the latter methods the increase in the temperature of the water of the
calorimeter is entirely, or is almost entirely produced by the solid under examination.
In my experiments, on the contrary, this increase is produced by the glass, the solid,
and the liquid in the glass. The thermal action due to the solid is ‘only a part of the
entire thermal action observed, and if from the latter that due to the liquid and to the
glass is subtracted, all uncertainties in the assumptions as to the thermal action of the

possible, lose their significance from necessary simplifications, and their practical importance becomes finally
very slight. The amount of correction is then to be pronounced as having no influence on the final result.
Tt is more important to take into account the following. The trustworthiness of the specific heat to be
assigned to any particular compound depends upon the certainty of the determination of the physical property,
and upon the certainty of the knowledge of the composition of the body in question; that is, in how far this
compound corresponds to a g'iven formula. The greatest trouble which can be taken in that determination,
the consideration of all sources of error which are possible in the physical experiment, the most complete exposi-
tion of the corrections which by developing conclusions from more or less certain assumptions may be formu-
lated in one expression, and the most conscientious application of these corrections,—all this may be paralyzed
by the circumstance that the composition of the body in question is not, as it were, the ideal, not corresponding
accurately to the formula. The partial substitution, if even to a very small extent, of one constituent by an
isomorphous one, the attraction of water by a hygroscopic substance before and during the experiment, the
presence of some mother-liquor in a crystallized salt, the loss of some water in drying a hydrated substance, so
that this has not exactly the composition corresponding to the formula,—all these sources of error, which: can .
scarcely be taken into account, may easily exercise an influence on the final result, whose magnitude far exceeds
that of certain corrections applied to the physical part of the determination. It lies in the nature of the case
that in such investigations, in some cases bodies of well-known, in other cases bodies of less well-known composi-
tion are taken. I triedto be certain what substances could be considered as of definife composition and what of
doubtful composition, especially where the relations between the specific heat and the atomic weight or che-
‘mical composition were under discussion.

# About sixty solids have been investigated both by Reenavrr and myself; for about thirty the weights which
he used in his determinations are twenty times as much as in mine or more.

02
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liquid and that of the glass are concentrated on the remainder, on the thermal action of
the solid substance from which its specific heat is to be deduced. The results obtained
by my method are less accurate when the residue is only a small fraction of the total
result from which it is deduced. In individual cases, where this was unavoidable, I
shall have to remark upon it.

It may be said in favour of my method that, for a number of solid substances, no
other method yet attempted is applicable either at all or with more prospect of a suc-
cessful result. But this is less important than the proof furnished by my examination
of very many substances, whose specific heat has been already determined by NEUMANN
and by REeNAULT, that the specific heat of bodies may be determined by my method
with an accuracy quite sufficient for many comparisons. But there are cases in which
it is even  advantageous not to heat the solid alone, but in conjunction with a liquid, and
to bring them together into the water of the calorimeter. The chemical nature of the
solid may necessitate this; as, for example, when it readily alters on being heated in the
air (compare § 34 in reference to amorphous boron); its physical structure may also
render it desirable, as for instance if the substance has a large surface as compared with
its mass, or is so porous that the thermal action due to humectation, and first observed
by PouiLLer *, takes place. REGNAULT has shown that this may be considerable"f" ; he
states that for this reason the specific heat of some substances is found about 3% too
great. He appears to have estimated this thermal action by ascertaining the increase
of temperature produced in the water of the calorimeter when the porous substance,
whose temperature is that of the water and of the surrounding air, is dipped in it. But
this action is probably far more considerable if, while heated, it is immersed in the
water, because it then contains less air confined on its surface and in its poresf, and
surface action can then act more intensely upon the liquid. The influence of this
source of error cannot be measured exactly. It is unequal in different substances. In
platinum it is small (Reenavrr found by his method that the specific heat of spongy
platinum did not materially differ from that of massive pieces), while it may be con-

# Ann. de Chim. et de Phys. [2] vol. xx. p. 141.

T Ann, de Chim. et de Phys. [8] vol. i. p. 133. Rmenavrr preferred to immerse the heated porous sub-
stances, when they could be obtained in coherent pieces, directly in the water of the calorimeter, If they were
enclosed in thin tubes and immersed, the equalization of temperature proceeded too slowly. Reewavrr abstained
from enclosing at the same time a sufficient quantity of water in the tube to promote the circulation, because
in that case the thermal action of the solid was only a fraction of that of the water added, on which the entire
source of error falls. Rrexauvrr found also (ibid. p. 142) that in immersing anhydrous baryta, strontia, and lime
in most carefully dehydrated oil of turpentine, there is such a thermal action that no useful resultis to be obtained
by his method for these oxides.

+ To the examples already known, which show what influence temperature exerts on the quantity of air
absorbed in a porous body, RE¢yavLr has added a very instructive one (Ann. de Chim. et de Phys. [3] vol.
Ixiii. p. 32). If amorphous boron, formed into disks by pressure in a steel mortar, was strongly cooled and then
immersed in the water of the calorimeter (at the mean temperaturc), so considerable a disengagement of
absorbed air was produced, that ReEexavLr was compelled to give up the determination of the specific heat
by this method.
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siderable for porous charcoal (in fact PovILLET'S experiments make this plobable)
This source of error is excluded in my method.

20. In order to appreciate the trustworthiness of the results arrived at by my mode
of experiment, it is important to state with what amount of accuracy the data of obser-
vation and the ancillary magnitudes were determined. Iwill give this statement in what
now follows.

For observing the temperature of the water in the calorimeter I used thermometers
made by GEISSLER of Bonn, which the kindness of Professor Burr, Director of the Phy-
sical Cabinet in Giessen, placed at my disposal. In these thermometers the tube
consists of a fine glass thread drawn out at the lamp. The bulb is cylindrical, very
thin in the glass, and contains but little mercury. On one (4) 1° C. corresponds to a
length of almost 5 millims. on the scale, and on the other () to almost 4'5 millims.
Tenths of a degree can be read off directly on the scale, and it is easy to learn to
estimate hundredths safely. I have. repeatedly compared these two thermometers,
between 7° and 24°, with two normal thermometers of my own construction, which
agree very well with each other, and on one of which a division corresponds to 0°4878,
and the other to 0°°4341. The differences of the indications between the GEISSLER’S
thermometers and these could be considered as constant within those limits; for the
differences thus observed all the readings made with the GEISSLER'S thermometers had
to be corrected to make them comparable with the indications of the normal ther-
mometer.

The temperature of the mercury-bath was ascertained by means of one of these
normal thermometers, and the indications of this thermometer immersed in the bath
(d in fig. 1.) corrected for the lower temperature of the mercury thread out of the
bath ; this latter tempelatule was given with adequate approximation by the second
thermometer, e. '

21. The weight of the thin sheet-brass calorimeter, together with stirrer, was 11-145
grms.* Taking the specific heat of brass, according to Reavauvrr, at 0-09391, the
calorimetric value in water of this mass of metal is 1046 grm. Considering that the
calorimeter in the experiments was not quite filled with water, but about §th remained
empty, even after introducing the tube, I put the value in water at 0-872.

In determining the calorimetric water value of the immersed parts of the thermo-
“meters 7 and &, the following experiments were made. The weight of water in the
calorimeter, together with the reduced weight of the metal, was 30-87 grms. When the
thermometer 7 heated to 33°86 was immersed, the temperature rose from 1073 to
10°-85 ; the immersion of the thermometer 4 at a temperature of 37°63 caused a rise from
10°61 to 10>76. In both cases the temperature of the water was indicated by means

# At the beginning of these investigations., During their progress the calorimeter was cleaned and dried
with bibulous paper a countless number of times, so that its weight diminished by about 004 grm. in the
course of the experiments. In determining the weight of water used in each experiment, the weight which the
calorimeter actually had at the time was taken as basis.
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of the other thermometer, the reduced value of which might be neglected under these
circumstances. These experiments gave 0-16 as the reduced value of the thermometer
7, and 0'17 as the reduced value of the thermometer 4. The thermometers have very
nearly the same dimensions. Hence I put the reduced value of the calorimeter (that
is, of the part of the metal concerned), of the stirrer, and of the immersed part of the
thermometer at 1-04 grm. Even if this determination is a few tenths out, it is scarcely
appreciable as compared with the quantity of water in the calorimeter. In all following
experiments this was between 25-85 and 25-95 grms. * '

All the subsequent determinations depend on fixing differences of weights and of
temperatures. The accuracy of the results depends on the precision with which both
kinds of magnitudes are ascertained; and it is useless to determine the weights to 14555
or nearer, if the differences in temperature cannot be determined more accurately than
to 565 OF 35o- 1 have weighed to centigrammes instead of to milligrammes, by which
the time necessary for the weighings was much shortened, and their accuracy not
materially lessened. '

22. The reduced value « remained to be determined of the glasses (cylindrical tubes
of thin glass, see § 17), or, rather, of that part which was immersed in the water of the
calorimeter, the quantity of which was always the same. In the following, T is the
temperature to which the glass in the mercury-bath was heated (compare fig. 1), M the
quantity of water in the calorimeter -+ the reduced value in water of the other parts of
the latter, which required to be taken into account, # the temperature of the water in
the calorimeter when the glass was immersed (fig. 2), and = the temperature to which
the water became heated, and which must be considered as that to which the glass
cooled*. 'We have then

M(z—19)
Y=-p_;

In my experiments I used three glasses, which may be called 1, 2, and 8. To ascer-
tain the reduced value of glass 1, I made the following determinations :—

Temperature of Air 15°8.

T. 7, L. M. 2.
° ° ° grms.
7854 17-23 1572 26-98 0-664
74-38 17-16 15-78 26-97 0-651
7551 17-14 1572 26:92 0:655
76-:06 17-15 1573 26-945 0-649
7732 17-22 . 15-74 26:96 0.664
Mean . . 0657

* Tf the cork which closes the glass, and by means of the wire passing through it enables it to be handled, is
moist, incorrect and discordant values are obtained for it, owing to the evaporation of water in the empty
glass so long as this is in the mercury-bath, and to the condensation of aqueous vapour in the glass when it is
immersed in the calorimeter.
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I subsequently made a second series of experiments to determine the reduced value
for glass 1, which gave the following results:—

Temperature of the Air 19*9-19°8.

T. 7. t. M. 2.
Q o . o grms.
7850 21-32 19:93 26-99 0656
81-86 21-47 20-03 26-98 0643
80-42 2143 20-02 26-98 0-645
7977 21-42 20-03 ' 26:935 0:642
80-14 21-61, 20-12 26:965 0639
Mean . . 0645

The mean of these two means, 0:657 and 0-645, gives as the reduced value in water
of glass 1, 0°651 grm. .
To obtain the water value for glass 2, I made the following determinations :—

Temperature of the Air 12°0-12>5.

T. 7. t. M. @.
° ° o grms.
7587 1353 1243 26-94 0:475
77-05 1346 12:31 2696 0-488
76-71 1368 12-54 26975 0488
7597 1376 12-65 . 2695 0-481
78-60 1383 12:62 2695 0-503
Mean . . @g

The reduced value for glass 2 is hence = 0487 grm. This glass broke before I
made a second series of experiments to ascertain its reduced value.

I made two series of experiments to determine the reduced value of glass 3. The
first gave the following results: —

Temperature of the Air 19°:3-19%5.

T. 7. t. M. .

o o q grms.
81:00 20-33 19-31 26-98 0-464
80:03 20-83 19-84 26:965 0-4561
80-22 20-93 19-94 26-98 0-451
84-06 21-04 20-02 26945 0-436
81:90 20-93 1993 26-975 0-442

Mean . . 0-447
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The second series of experiments gave the following results :—

: Temperature of the Air 19*9-19°8.
T. 7. t. M. z.

80-41 21-08 20-06 96965 0-464
79-64 21-10 20-09 26965 0-465
79:08 2112 2012 2696 0-458
8022 21-12 20-12 26-985  0-457
7953 21-10 20-12 26-965 0-452
80-52 2113 20-14 2696 0-450

Mean . . 0458

The reduced value of glass 3 = 0453 grm., the average of the mean numbers of both
series of experiments.

23. In those experiments in which a glass containing a liquid and perhaps a
solid substance is immersed, while warm, in the water of the calorimeter, it may be
asked if, when the water has become heated to a certain maximum temperature, the
contents of the glass have actually cooled to the same temperature. In earlier experi-
ments made by the method of mixture, it was at once assumed that the temperature
assumed by the water of the calorimeter after immersing the solid was actually that
also to which the immersed body sank. NEUMANN has taken into account that the
immersed body, when the water shows its maximum temperature, may have a somewhat
higher temperature *. AvoGADRO has also taken this into acéount'{", and REGNAULT has
also allowed for this circumstance in the case in which the mass, immersed in the water
of the calorimeter, is a bad conductor of heat]. A correction for this fact is certainly
inconsiderable and unnecessary if the immersed body conducts heat well, and the range
of temperature through which it cools in the liquid is great. This interval of tempera-
ture was in my experiments considerably smaller than in those of NEUMANN and of
ReenavLt; and as in my experiments the excess of heat of the contents of the glass
had to pass through its sides to the water of the calorimeter, it might be doubted
whether, when the temperature of the water was at its maximum, this temperature
could be considered as that of the contents of the glass.

I have endeavoured to answer these questions experimentally. A glass, such as was
used for holding the solid investigated and a liquid, was filled with water, and a per-
forated cork fitted, by means of which the glass could be handled, and which permitted
the introduction of a thermometer into the water within the glass. The glass filled
with water was warmed, and then placed in the calorimeter filled with water; a thermo-
meter A, passing through the cork, showed the temperature of the water in the glass;

# In the memoirs mentioned in § 4, Parze has also discussed and applied the correction to' be made for the
above circumstance (PoesENDORFE’S * Annalen,” vol. exx. p. 841).
+ Ann. de Chim. et de Phys. [2] vol. lv. p. 90. I Ibid [2] vol. Ixxiii. p. 26.
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a second, B, showed that of the calorimeter water. If the glass filled with the warmer
water is immersed in the cold water, the following circumstances are observed*. A sinks
very rapidly, while B rises more slowly; if B shows the maximum temperature for the
water of the calorimeter (this temperature being called ¢'), A gives a higher temperature
(T) for the contents of the glass. B then slowly sinks and A follows it, while the difference
between ¢ and T’ always becomes smaller. In the two following series of experiments I
have endeavoured to determine by how much, under certain conditions, the temperature
T’ of the water in the glass exceeds the maximum temperature ¢ of the water in the
calorimeter when this maximum temperature as such is observed. I obtained the
following vesults: the temperature of the air in the experiments was 13°2-13"5.

Experiments with Glass 1. Experiments with Glass 2.

T. t. Difference. T. . Difference,
15-51 1518 038 1571 1550 021
14-96 14-72 0-24 15:96 1565 0-31
16:11 15-94 017 156-16 14-91 025
1556 15-36 0-20 14-76 14-47 0-29
14-24 14-05 0-19 14-66 14-33 0-33
15-96 15-64 - 032 1556 15°24 0-32

. A closer agreement in the numbers expressing the difference between T' and ¢ is
difficult to attain, since a certain time is necessary to observe the occurrence of the
maximum temperature, and during the time in which the thermometer B remains con-
stant, the thermometer A still sinks; according to the moment at which the maximum
temperature is considered to be established, this difference may be obtained different,
and the smaller the later the observation is made. Moreover the magnitude of this
difference between T’ and ¢ depends on the difference between 7' and the temperature
of the air. I have always endeavoured to work under the same circumstances, and
especially to arrange the experiments so that the maximum temperature of the water
in the calorimeter did not exceed by more than 2° the temperature of the airf. For
these experiments and the apparatus which I used, I assumed, on the basis of the
preceding experiments, that if the water of the calorimeter had assumed its maximum
temperature #, the contents of the glass were 0°3 higher; that is, I put throughout T',
the temperature to which the contents of the glass immersed in the calorimeter had
fallen, =¢'40°3. '

924. Tt is a matter of course that, in introducing this correction for obtaining the tem-

# Tn these experiments, in order to ensure uniformity in the temperature of the water, the stirrer was kept
in continual motion, and the same process followed as in ascertaining the specific heat. :

+ A preliminary experiment shows how cool the water in the calorimeter ought to be. Water which is
- somewhat cooler than the surrounding air, may be kept in stock for such experiments by placing it in a cylin-
drical flask covered externally with filtering paper, and standing in a dish of water, so that the paper is always.
moist. To warm the water in the calorimeter, it was merely necessary, with apparatus of the dimensions I
used, to lay the hand on it for a short time.

MDCCCLXYV. P
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perature of the contents of the glass at the time the maximum temperature has been
attained in the calorimeter, it is unnecessary to give the indications of T' in hundredths

of a degree; and since the temperature T, to which the glass with its contents was

heated in the mercury-bath, only serves to deduce the difference T—T', it is unimportant

in giving this temperature to do so in hundredths of a degree. The accuracy of the

determinations of specific heat, in so far as it depends on determinations of temperature,

is limited by the accuracy with which the difference of T—T' and ¢ —¢ are determined

(where ¢ is the original temperature of the water in the calorimeter, and the other

letters have the meanings previously assigned to them). To have oneof these differences

very accurately, while the other is much less accurately determined, avails nothing for -
the accuracy of the final results. Itis at once seen that in my experiments, and especially

in those of NEUMANN and ReaNAvLT, the hundredths of a degree have a greater signifi-

cance for the small difference #—¢, than the tenths of a degree for the great difference

T-T. ,

‘The correction for educing the value of T', which I have just discussed, is of course
more important the smaller the difference T—T'; for most of my experiments in which
this difference is about 30°, the significance of this correction is inconsiderable, if the con-
tents of the glass be a good conductor. I give a few numbers. The experiments given
in § 25 on the specific heat of mercury, which, by using this correction, give it at 0-0335
~in the mean, give it =0-0331 if this correction is neglected, that is, T' made=¢"
The fourth series of experiments, given in § 27, for determining the specific heat of coal-
tar naphtha A, give it at 0425 when this correction is made, and at 0:420 when it is
omitted. The first series of experiments in § 33, for determining the specific heat of
sulphur, give it at 0159 when this correction is used, and at 0-152 when it is neglected.
Whether in all such cases T' is put =¢, or=¢°+40%3, is of inconsiderable importance.
The correction in question is inadequate if the substance in the glass is a bad conductor;
for example, when the solid in the glass is a pulverulent or porous mass, in which the
moistening liquid stagnates (compare § 18). That, under such circumstances, the numbers
obtained for the specific heat are found somewhat too small must be remembered in
§ 41 in the case of chromium, and in § 52 in the case of chloride of chromium. Too
small numbers are also obtained, if in the experiments the maximum temperature of the
cooling water exceeds that of the air by much more than 2°. Such experiments are not
comparable with the others, for example, with those made for the purpose of ascer-
taining the ancillary magnitudes occurring in the calculation of the results ; for them this
correction is inadequate, and the loss of heat which the contents of the calorimeter ex-
periences between the time which elapsed between immersing the glass and the establish-
ment of the maximum temperature is too great. By individual examples in § 25 in the
case of water, in § 39 in the case of copper, and § 41 in the case of iron, I shall call to
mind how this source of error may give somewhat too small numbers for the specific

heat; but I have always tried to avoid this error, since I saw its importance in my first
preliminary experiments.
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25. 1 first attempted to test my method by some experiments in which water or
mercury was placed in the calorimeter. For the specific heats of these liquids the fol-
lowing numbers were obtained, calculated by the formula

M (! —t)—z (T—T')

o=t
in which the signification of f is manifest from what follows, that of the other letters
from what has been given before.

In the experiments in which a readily vaporizable liquid was contained in the glass,
such as water, or coal-tar naphtha, a sensible formation of vapour took place, although
the temperature did not exceed 50°. If the glass containing the liquid was heated
in the mercury-bath (compare fig. 7), vapour was formed in the empty space below
the cork which served as stopper; if the glass was then brought into the water of
the calorimeter, this vapour condensed and settled partially on the stopper. The
stopper did not act materially on the water of the calorimeter (see fig. 5). The
quantity of liquid in the glass which acted directly on the water of the calorimeter,
decreased somewhat in each experiment; but this decrease is very inconsiderable. In the
following experiments ' denotes first the weight of the liquid in the glass at the com-
mencement of the experiment, and at last its weight at the end of the experiments, that
is, after subtracting the liquid which had vaporized and condensed on the stopper.
After the end of the experiment the stopper was dried to remove the liquid, and by
another weighing of the glass, together with its contents and stopper, the weight of the
liquid still contained in the glass was obtained. The decrease of weight of the liquid
in the glass was always found to be inconsiderable, and might without any harm have
been neglected ; for the last experimént of a series I have always taken the diminished
weight of the liquid into account, but for those between the first and the. last I have
neglected the diminution of the weight of the liquid in the glass. What I have here
said explains a remark of frequent subsequent use, « after drying the stopper.” In re-
ference to the influence of the formation of vapour on the accuracy of the results obtained
for the specific heat of the individual substances, compare § 38.

Two series of experiments in which water was contained in the glass, gave the fol-
lowing results for the specific heat of this liquid :—

sp. H=

Experiments with Glass 1. Temperature of the Air 19>0.

T T, 7. L M. f. . sp. H.
o o o le} grms' grms' grm'
452 20-9 20-62 16-83 26:945 3:43 0-651 1035
466 212 2092 .17'03 26-935 ' 5 1-013
47-4 21-3 20:96 17-03 26:965 3:42% " 0-997

* After drying the stopper.
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Experiments with Glass 3. Temperature of the Air 19>0.
T, T t t. M. f z. sp. H.

o o o o grms. grms, grm.
468 211 20-76 1703 26-95 3 445 0-453 1-:004
468 211 2083 1712 26985 ., . 0999
47-0 212 20-93 17-22 26-935  3-435% ’ 0-996

The value found for the specific heat of the contents of the glass comes very near the
number 1, assumed for the specific heat of water.

Determinations in which mercury was contained in the glass gave the following results
for the specific heat of the contents of the glass.

Experiments with Glass 1. Tempefature of the Air 13°-8-14°-4. ,

T. T, t. t M. f 2. sp. H.

° o ' ° ° grms. grms. grm, ’
811 16-8 1660 13-41 26 945 53 015 0-651 0-0335
485 16-8 16-48 13-64 26-95 ” » 0-0333
452 165 16-20 1363 26965 » ’ 0-0333

Experiments with Glass 2. Temperature of the Air 13°:8-14>4.

T. T, t. i M. f . sp. H.
o ° ° ° grms. © grms. grm.,
500 171 1679 1374 26935 60015 0487 00385
456 167 1641 1372 26935 . . 0-0337

The mean of these five determinations gives 0:0335 for the specific heat of mercury,
in accordance with the results found by other observers for this metal (0:0330 between
0° and 100°, Duroxe and Perrr; 0-0333, REGNAULT).

26. For the liquid which is to be placed in the glass along with the substance whose spe-
cific heat is to be investigated, I could in many cases use water; but many substances, the

* After drying the stopper.

t In § 24 it was mentioned that the numbers obtamed for the specific heat of the contents of the glass are
somewhat too small, if the maximum temperature of the water in the calorimeter, ', exceeds the temperature of
the air by much more than 2°. As an example I give the following determinations, in which the glass used

contained water.
Experiments with Glass 1. Temperature of the Air 13>5-13°8.

T. T, t. t. M. f x. sp. H.
o o ° o grms, grms, grm.

465 181 17:81 13-64 26-94 340 0-651 0-976
439 16-7 16-38 12-33 26955 ’ ' 0989
Experiments with Glass 2. » Temperature of the Air 18°5-13°-8.

T. T, ¢, . M. f . sp. H.

o o ° o grms, grms, grm.
49-1 18:3 18-03 1337 26-94 3-66 0-487 0-981
47-6 183 18-04 13:66 26-99 ' ’ 0-969
47-0 175 17-22 12:73 26-97 3-65% 2 0-991

* After drying the stopper.
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determination of which is important, dissolve in water, and hence I had to use a different
liquid. Coal-tar naphtha has the advantage that it is a mobile liquid, does not dissolve
most salts, and does not resinify in contact with the air; but besides the disagreeable
odour, with continuous working, respiring air charged with its vapour appears to act
injuriously on the organs of the voice. As compared with water, coal-tar naphtha has
the disadvantage, that its specific heat must be specially determined, and any possible
uncertainty in this is transferred to the determination of the specific heat of the solid
substance ; but the thermal action of a given volume of naphtha is only about § that of
the same volume of water*; and in experiments in which the thermal action of a solid
substance is determined, along with that of the necessary quantity of liquid which is
contained with that substance in a glass, the thermal action due to the solid is a larger
fraction of the total if coal-tar naphtha is used than if water is the liquid, which is a
favourable circumstance in the accurate determination of specific heat. As it was more
especially important for me to obtain comparability in the results for specific heat, I
have, for a great many substances which are insoluble in water, and for whose investi-
gation water might have been used, also employed coal-tar naphtha. Water was used
for a few substances which are soluble in coal-tar naphtha (sulphur, phosphorus, ses-
quichloride of carbon, for instance). Several substances I determined both with water
and with naphtha; the results thus obtained agree satisfactorily. To the question as to
whethér any possible change in the specific heat of naphtha with the temperature can
be urged against the use of this liquid, I shall return in § 29.

27. The coal-tar naphtha A which I principally used in the subsequent experiments
was prepared from the commercial mixture of hydrocarbons €, H,, ¢, by purifying it by
means of sulphuric acid, treating the portion which distilled between 105° and 120°
with chloride of calcium for six days, then again rectifying it, and collecting separately
that which passed between 105° and 120°. This liquid had the specific gravity 0-869
at 15°; in determining its specific heat I made four series of experiments, two at first
when I was engaged on experiments in which I used this naphtha, and two towards
the end.

L—Experiments with Glass 1. Temperature of the Air 12°-1-129.

T. T. t. t M. 1 x. sp. H.
o 0 o o grms. grms. grm,
46-1 13-8 13-51 11-24 26-99 2-875 0-651 0-433
486 14-0 1371 11-24 26945  2:875% ” 0-443
456 141 13-83 11-69 26-97 2975 % ” 0-439
453 14-3 1401 11-80 2694 2970 + » - 0428

Mean . . . 0436

* The specific heat of the coal-tar naphtha A, with which I made most of my experiments, is 0-431, and its
specific gravity at 15°=0-869.
-+ After drying the stopper. 1 After adding some naphtha,
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II.—Experiments with Glass 2. Temperature of the Air 12°1-12°7.

T. T’ 12 2 M. I . sp. H.

° ° ° .o £rms. grms. grm, )
490 138 1853 1102 26955 328 0487 0438
459 141  18-83 1150  26:93  348% ” 0-427
438 142 1386 1173 2695 . 0-427
466 145 1423  11'85 2695 3476+ 0-435
' Mean . . . 0432

III.—Experiments with Glass 1. Temperature of the Air 16°7.
T. T, ¢, t. M. 7 . sp. H.

o o o o grms. grms. grm.

514 186 18-32 16-02 26-98 2-895 0-651 0-429
615 18-4 18-06 1573 26-97 ”» » 0-431
515 184 1814 15-81 26-985 ” ” 0-431

51-0 185 1822 1593  26:96  2-88% ”» 0-434
Mean . . . 0431
IV —Experiments with Glass 3. Temperature of the Air 16>7.

T, . 2 t, M. f. . sp. .

° ° o ° grms, grms. grm.,
517 187 1843 1622 26935 3195  0-4563  0-423
507 186 18-32  16-14 26935  ,, » 0-431
507 186 1827 1613 2695 » » 0-421

90-2 186 1826 16-14 26-93 318 ” 0-426

Mean . . . 0425

The average of the means of these four series of experiments, 0:436, 0:432, 0431,
0-425, gives 0-431 as the specific heat of the coal-tar naphtha A between 14° and 52°;
this value is taken in calculating the experiments in the following section.

28. If it were only a question as to the determination of the specific heat of this
naphtha, the method described in the preceding might be advantageously replaced by
another. For by this method the specific heat of the liquid must be found somewhat
too great, owing to the fact that in the empty space in the glass under the stopper a dis-
tinct quantity of vapour is formed, which condenses when the glass is dipped in the
water of the calorimeter (compare § 25). Direct experiments{, in which this forma-
tion of vapour was almost entirely avoided, have shown that the method used for the
previous determinations, that is, the use of glasses for heating the liquid in which a

* After adding some naphtha. t After drying the stopper.

1 T determined the specific heat of coal-tar naphtha A, using a glass in which only very little vapour could
form above the heated liquid. This glass (which I used in experiments for the determination of the specific
heat of liquid compounds) had a narrow neck, and was filled so that there was very little space in which
vapour could form; the calorimetric value of this glass, in so far as it was immersed in the water of the
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relatively considerable space above the liquid remains empty, gives the specific heat of
readily vaporizable liquids somewhat too high, but that at the same time this influence
of the formation and condensation of vapour is very small in the conditions under which
I worked* —The number 0431 obtained in the previous determinations expresses the
thermal action due to the cooling of 1 grm. naphtha A through 1°in my experiments,
which thermal action depends to by much the greatest extent on the specific heat of this
liquid, and only to a very small extent on the condensation of the previously formed vapour.
In calculating the experiments communicated in the third section, that number is taken
as the expression for the thermal action of naphtha, which is put as proportional to the
weight of the latter. This is, strictly speaking, not accurate, in so far as the thermal
action arising from condensation of vapour only depends on the magnitude of the empty
space and the temperature, and not on the quantity of naphtha in the glass. But the
small possible inaccuracy due to this cause in my experiments is not to be compared
with other uncertainties. The manner in which I have taken into account the naphtha
contained in the glass corresponds most accurately to the actual conditions of the expe-
riment, when this thermal action is most considerable (only naphtha in the glass); and
if my mode of calculation less satisfies these conditions (less naphtha in the glass), the
entire amount is less considerable, and the influence of that which might be missed in
that calculation, a vanishing quantity. ‘

29. My experiments have been made at very different temperatures. The tempe-
rature of the air was often something under 10°, sometimes above 20°. These numbers
represent the limits to which the liquid in the glass, together with the solid substance
cooled in the calorimeter. In most experiments I heated the glass with its contents to
about 50°, in some cases not so high. Now, for the various intervals of temperature
within which the liquid in the glass cooled, can its specific heat be assumed to be
always the same? For water this may be done, and for coal-tar naphtha I did not

calorimeter (comp. fig. 6), was = 0-688 grm. A series of experiments in which this glass was used to
determine the specific heat of the naphtha A gave the following results : —

Temperature of the Air 15°:5-15°6.

T. T 7. t. M. f. . sp. H.

o ° ° ° grms. grms, grm.
52'5 178 17-53 14-93 26945 3:205 0-688 0-415
49-6 174 1713 14-78 26955 ” ” 0412
509 176 17-29 14-83 2696 " ” 0407
50'5 176 17-26 1483 26:975 w o 0-407
516 177 1738 14-84 26-985 ” . 0-416
509 17-8 17-47 15:03 26-94 » . 0-405

Mean . . . 0410

# This is seen from the experiments on water communicated in § 25, and from the subsequent determinations
in the next section, in which water was contained in the glass along with the solid substance.
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doubt it while engaged in my experiments. I first, when they were finished, became
acquainted with REGNAULT’S * investigations on the specific heat of liquids at various
temperatures ; according to these experiments the specific heat of some liquids con-
siderably increases with the temperature. I have not directly investigated coal-tar
naphtha in this respect, but it is probable that the specific heat of this mixture of
hydrocarbons €, Hj, ¢, alters but little with the temperature, and it is certain that this
change is without influence on the accuracy of my determinations of the specific heats
of solid substances. REGNAULT’S experiments }, made by the method of cooling, show no
change for benzole, €, H,, between 20° and 6°, while there is a distinct change in the
case of alcohol. For pure benzolef I found the specific heat by the method of mix-
ture to be 0450 between 46° and 19°; Reevavrr§ found it between 71° and 21° to
be 0-436. These numbers, obtained with different preparations, are not indeed com-
parable for a decision of the question just discussed, but they render improbable a con-
siderable increase in the specific heat of benzole with the temperature. What I more
especially lay weight upon is this: the specific heats of solids which 1 have determined
at various temperatures, by their agreement with the numbers previously found by
others, do not indicate any influence of a change of specific heat of naphtha with the
temperature.

30. My stock of the naphtha, discussed in § 27, was used before I had investigated all
the solid substances, for which a determination of the specific heat appeared necessary.
Another quantity of the same coal-tar naphtha was subjected to the same treatment as
indicated there, and the portion passing over between 105° and 120° used for the
remainder of the experiments. To ascertain the specific heat of this naphtha B, I made
the four following series of experiments:—

I.—Experiments with Glass 1. Temperature of the Air 18>1-18°3.
T, T, £, t M. f. . sp. .

o ° ° o grms. grms. grm.

515 19-6 9-33 17-22 26-96 270 0-651 0-419
627 199 19-64 17-49 26-95 ” ” 0-413
505 19-8 19-54 17-61 2699 ” ’ 0-420

499 200 1973 1775 26996 2695 0-422
Mean . . . 0418
* Relation des expériences . . . . pour déterminer les lois et les données physiques nécessaires au calcul des

machines & feu, vol. ii. p. 262 (1862).
+ Ann. de Chim. et de Phys. [3] vol. ix. pp. 336 & 349.
1 PoecENDORFF’s ¢ Annalen,’” vol. Ixxv. p. 107, § Relation, ete. . . .. , vol. ii, p. 283.
Il After drying the stopper.
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II.—Experiments with Glass 8. Temperature of the Air 18>1-18"3.
T. T t. & M. I . sp. H.
o o o o grms. grms. grm.
61-4 197  19-36 17-32 2694 3085  0-453  0-415
616 199 1963 1756 26965 » ” 0-426 -

49-1 19-9 19-61 1773 26-985 ,, ” 0-416
505 20-1 19-82 . 17-86 2698 3:08 * ” 0-418

Mean . . . 0-419

IIT.—Experiments with Glass 1. Temperature of the Air 17°-8-183.

T. T ¢. . M. I . sp. H.

o o o o grms. grms, grm.
522 19-8 19-49 1727 26-97 2:80 0-661 0-427
506 20-0 19-73 17-64 26-96 » 9 0-425
51-2 202 19-92 17 82 26-98 " v 0-420
513 202 19-86 17-76 26-99 » s 0-418
50-4 20-2 19-86 17-85 26-95 2785 % 0:410
Mean . . . 0420

IV.—Experiments with Glass 3. Temperature of the Air 18>4.
T. T t. . M. f . sp. H.

° ° ° o grms, grms. grm.

502 197 1943 17338 26-96 331 0453  0-424
501 201 1977 1766 26-99 . ” 0-416
526 202 ~ 1987 1765 26-96 . ” 0-423
50-1 201 1983  17-82 = 92695 ., o, 0-409
5144 202 1993 1782 26:97 329 % ., 0417

Mean . . . 0-418

The average of the means of these four series of experiments, 0-418, 0-419, 0-420, 0-418,
gives 0-419 for the specific heat of coal-tar naphtha B between 20° and 50°.

In the preceding method of experiment, whether water or naphtha of the kind
described is contained in the vessel, a temperature much higher than 50° cannot be
employed ; for otherwise the quantity of liquid evaporating and condensing on the
stopper becomes far too considerable. Perhaps with hydrocarbons of higher boiling-
points higher temperatures might be ventured upon: I have no experiments on this
subject.

PART III.—DETERMINATION OF THE SPECIFIC HEAT OF INDIVIDUAL SOLID SUBSTANCES.

31. By the method whose principle and mode of execution have been discussed in the:
preceding, I have determined the specific heat of a large number of solid substances. 1

* After drying the stopper.
MDCCCLXYV. Q
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should have liked to include a still larger number of bodies in my investigations; but
a limit was put by the straining of the eyes from constant reading of finely divided
scales, and by the injurious action which the long-continued working with coal-tar
naphtha produces.

My crystallographic collection furnished me with much material for investigating the
specific heat of both naturally occurring and artificially prepared substances, but for
much more I have to thank others. By far the greater part of the chemical prepara-
tions investigated I obtained from the Laboratory of the University of Giessen, through
the kindness of the Director, Professor WILL, and of the assistants, Professor ENGELBACH,
to whom my thanks are especially due, Drs. KORNER and DEEN. Professor WOHLER, of
Gottingen, placed a number of chemical preparations at my disposal. Professor
Bunsen, of Heidelberg, has helped me to the investigation of some rubidium-com-
pounds. Platinum and iridium I have been furnished with by M. Herzvus, the pro-
prietor of the well-known platinum-manufactory in Hanau. I have had a very large
number of minerals from the mineral collection of the University of Giessen,
through the kindness of the Director, Professor Knor; and to obtain the necessary
quantity of dioptase, Professors BLum of Heidelberg, and Dusker of Marburg, have
contributed. '

32. The signification of the letters in the statement of the following experiments
and their calculation is clear from § 17; in reference to the value of the numbers for
M, compare § 21, for # § 22, for T' § 23, for y § 27 and § 30.

It would require too much space always to give the comparison of my results with
those of other observers. I can only do this in individual cases where there are con-
siderable differences and their discussion is of importance. For other substances, where
there are recent observations by trustworthy observers, the Tables in § 82 to § 89 give
data for comparison.

83. Sulphur: pieces of transparent (rhombic) crystals from Girgenti. I made three
series of experiments with this substance.

I.—Experiments with Water. Glass 1. Temperature of the Air 18°2.
T. T t. i M. . I Y. . sp. H.
o o o o grms.  grms.  grm, grm.

45°8 1656 1524 1174 2695 416 17656 1:000 0651 0-168

46:0 162 1593 1262 269356 |, ” ”» » 0-160

452 16:0 1573 1242 26945 , » » » 0183

458 16-4 1606 1274 2696 ,  176* ” 0-153

—_—

Mean . . . 0159

* After drying the stopper: compare § 25.
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II.—Experiments with Water. Glass 2. Temperature of the Air 13°2.

T. T". t. L. M. m. I 9. @, sp. H.
grms, grms.  grms.

428 164 1607 1536 26-95 4815 509 1000 0487 0-171
473 166 16-33 1246 2695 ,, . , 0170

441 165 16:15 12:74 26926 ,, ’ ” ' 0-156
451 166 16-28 1277 26-96 ’ 2:07* ’ 0-159
Mean . . . 0-164

Both these series of determinations are from the time when I first worked at this
subject. Towards the end, when I had acquired tolerable readiness, I made a third
series, which agreed very closely with the results previously obtained.

IIT.—Experiments with Water. Glass 8. Temperature of the Air 17°2.

T. T". t. 2 M. M. I Y. . sp. H.

o o o o grms.  grms.  grms,

437 191 1883 1579 2699 492 2 065 1-000 0 453 0-166

435 191 18-84 1584 2697 ., ., 0162

433 192 1892 1592 2694 , . ., 0170

431 192 1887 1593 2698 , 2:06% ” 0-166
Mean . . . 0166

Taking the mean of the means obtained in the three series of experiments, 0-159,
0-164, 0-166, we obtain 0:163 as the specific heat of rhombic sulphur between 17° and
45°. By the method of cooling, DuronG and Prrir found the specific heat of sulphur
at the mean temperature to be 0-188; Nrumany found 0209 by the method of
mixture; for sulphur which had been purified by distillation, fused and cast in rolls,
ReenavLr found  the specific heat between 14° and 98° to be 0-2026. In these expe-
riments a development of heat depending on a change from amorphous sulphur into
rhombic-crystallized appears to have cooperated, and to have caused the circumstance
observed by ReGNauLT, that after immersing the heated sulphur in the water of the
calorimeter, the maximum temperature was only set up after an unusually long time.
‘Sulphur which has solidified after being melted, usually contains an admixture of
amorphous sulphur, the greater the more the melting-point has been exceeded, which at
the ordinary temperature passes slowly, at 100° more rapidly, into crystallized, accom-
panied by disengagement of heat. The transformation of the sulphur set up by the
‘heating, and continued in the water of the calorimeter, brought about this slow appear-
ance of the maximum temperature, and made the specific heat appear too great; for
ReeNAULT'S subsequent determinations §, also made between 97° and 99° and the mean
temperature, gave it considerably less: 0-1844 for freshly melted sulphur (in which

* After drying the stopper.
+ Ann. de Chim. et de Phys. [2] vol. Ixxiii. p. 50. Ibid. [8] vol. ix. pp. 326 & 344.

Q2
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superfusion had been avoided ?); 01803 for sulphur which had been melted two months;
0-1764 for what had been melted two years (and which had then given 0:2026); 0-1796
for sulphur of natural occurrence. The difference between the latter result and my
own doubtless depends, partially at least, on the fact that REGNAULT'S determination was
made between 14° and 99° (the latter of which temperatures is very near the melting-
point of rhombic sulphur); mine was made between 17° and 45° *.

Tellurium : crystalline pieces .

Experiments with Naphtha A. Glass 3. Temperature of the Air 18°6-19>1.
T. = T. t. t. M. . f. Y. w. sp. H.

grms. grms.

518 204 2807 1796 5693 10-80 193 0431 0453 0:0486
51:3 20-3 2002 1793 2698 . N . 00495
515 207 2036 1833 2693 . . . 0-0454
510 207 2043 1843 26955 , 1913 ., s 00466

Mean . . . 00475

34. Boron.—I have made some experiments with this substance, which have some
interest for the question whether this body has essentially different specific heats in its
different modifications; but the results are not very trustworthy, owing to the spongy
nature of the amorphous boron and the doubtful purity of the crystallized variety.

The amorphous Boron § which I investigated was pressed in small bars, and had stood
several days n vacuo over sulphuric acid.

Experiments with Naphtha A. Glass 1. Temperature of the Air 17°:0-17°2.

T. T". t. 2 M. m. f. Y. . sp. H.
o o] (e} o rms
490 187 1873 16-36 26 9565 l 52 2 515 0 431 0 651 0-246
481 186 1855 16:23 26:965 . s ' . 0-264
480 186 1864 16:33 2695 ’ ’ s oy 0-252
479 187 1872 1642 26-95 ’ 2491 ,, - 0:262
Mean . . . 0254

Even if the results of the individual experiments agree tolerably with each other they
are not very trustworthy; for the quantity of boron (only 11 grm.) is very small, and
the amount of heat due to the boron is a very small part of the total (comp. § 19).
Yet I do not consider the result of the above series of experiments (that between 18°
and 48’ the specific heat of amorphous boron is about 0:254) as being very far from

* There is nothing known certainly as to whether the different modifications of sulphur have essentially
different specific heats. Marcmanp and ScHEERER’s experiments on brown and yellow sulphur made by the
method of cooling, compare in Journal fiir Prakt. Chemie, vol. xxiv. p. 153,

t ¢ Obtained from Vienna, and obviously distilled.”—WGHLER.

I After drying the stopper.

§ ¢ Prepared from boracic acid by sodium, and treated with hydrochloric acid.”—WonLER.
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the truth. There are no considerable accidental errors of observation in these experi-
ments, to judge from their agreement with one another. Of the constants for calcu-
lating the experiments, # and ¥ must be taken into account in regard to any possible
uncertainty. It has been assumed that #=0'615 and y=0-431; if we took =063
and y=0-41, the specific heat as the mean of four experiments would be =0-30; if
were 0°67 and y 0'45, the specific heat would be 0-21. But from what has been com-
municated in § 22 and § 27 in reference to the determination of « and 7, it cannot be
assumed that any possible uncertainty in reference to these values can reach either of
the above limits. It can be assumed with the greater certainty that the specific heat of
amorphous boron is between 02 and 0'3 and nearly 0-25, because x and y could not
simultaneously both be found too great or too small (if 2 had been too small y would
have been too great, and vice versd). o
Crystallized Boron *.

Experiments with Naphtha A. Glass 3. Temperature of the Air 18>9-18°7.

T. T, i, t. M. m. I . . sp. H.

o o o o grms. grms,  grm. grm.

509 20-8 20562 1853 26-94 282 163 0431 0453 0-237

513 20-8 20-62 1862 26976 ,,. , » 0233

515 208 2053 1853 26985 L, L L 0229

6514 208 2046 1843 26-99 »  102¢% ” 0'22?_
Mean . . . 0230

Hence the specific heat of the crystallized (adamantine) boron investigated is 0:230
between 21° and 51°; it is pretty near that found for amorphous boron, 0-254. REa-
NavLT found (between 98° and 100° and the mean temperature) 0-225 for a specimen of
crystallized boron prepared by Rousseau; 0-257 for one prepared by DEBrav; 0-262
for one obtained from DEviLLE; and 0:235 for a specimen of graphitic boron prepared
by DEBrAY. The specific heat of amorphous boron could not be determined by Ree-
NAULT'S method, because, when heated to 100° in air, it partially oxidizes into boracic acid
with disengagement of heat (three experiments, in which the quantity of boracic acid
formed was determined, and its specific heat, but not the thermal action due to the forma-
tion of hydrated boracic acid in immersion in water allowed for, gave respectively 0-409,
0-348, and 0-360, which numbers REGNAULT does not consider as even approximately re-
presenting the specific heat of amorphous boron), and when greatly cooled disengages a
quantity of air when immersed in warmer water, which renders the results uncertain.

# «Made in Paris, probably by Rousseau, and doubtless by melting borax with aluminium. To conclude
from its external appearance, it probably contained some aluminium and carbon: compare the analysis in
Ann. der Chem. und Pharm, vol. ¢i. p. 347.”—WorLER.

+ After drying the stopper.

+ Ann. de Chim. et de Phys, [3] vol. Ixiii. p. 31.



108 . PROFESSOR KOPP ON THE SPECIFIC HEAT OF SOLID BODIES.

35. Phosphorus—1I have only made a few determinations with ordinary yellow phos-
phorus, which was cast in sticks.

Experiments with Water. Glass 1. Temperature of the Air 10°9,

T. T v, i M. m. I Y. . sp. H.

o o o . grms.  grms.  grms.
388 136 1320 1005 26 95 3 075 2 065 1-000 0 651 0-208
33:8 12:9 1262 1003 2697 " ’ . s 0-204
355 132 1291 1017 2693 ' 2:06* 5 ' 0-196
Mean . . . 0202

The specific heat of yellow phosphorus, as deduced from these determinations, is
somewhat greater than that found by ReeNauLt, doubtless because in my experiments
the upper limit of temperature, T’, was nearer the melting-point of phosphorus, 44°.
Compare § 82.

Antimony.—Purified by Liesie’s method; crystalline pieces.

I.—Experiments with Naphtha A. Glass 2. Temperature of the Air 14°7.

T. T t. t. M. m. f. Y. 2. sp. H.
grms,
464 160 1565 1342 26945 12 245 1- 925 0-431 O 487 0-0539
449 159 1564 1354 2698 ” » ’ » 0-0520
442 158 1563 1362 2696 ” 1-91* » 00496
Mean . . . 0-0518

IT.—Experiments with Water. Glass 1. Temperature of the Air 15°8-16°1.

T. T t. 2 M. m. f 9. . sp. H.
o o o o grms. grms.  grms.
450 179 1760 1422 26 945 11 835 2 095 1-000 0 651 0-0519
451 179 1764 1425 2696 ” ” » 00519
450 179 17-64 14256 26-965 ” » » » 00530
454 181 1776 14-34 26955 ’ 2:086% » 00642
Mean . . . 00528

From these determinations, the average of the means of both series of determinations,
0:05618 and 00528, the number 0-0523 is the specific heat of antimony between 17°
and 45°.

Bismuth.—Purified by melting with nitre, and cast in small bars. In the case of
this metal also, I have made a series of determinations with coal-tar naphtha in the glass,
and one with water.

* After drying the stopper.
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I.—Experiments with Naphtha A. Glass 3. Temperature of the Air 18°9-18°8.
T. T ¢ t M., m. I 9. . sp. H.
o ° o o grms. grms.  grm. grm.
60-8 206 2033 18-33 2699 2071 170 0-431 0453 00291
50-3 207 2042 18-43 26-955 ” ” » ’ 0-0302

501 206 2033 1837 26955  ,, . . , 00292
509 207 2040 1842 26:955 ,,  1685* , 00284

Mean . . . 0:0292

I1.—Experiments with Water. Glass 1. Temperature of the Air 16°7-16°8.

T. T ¢, t M. m. I Y. . sp. H.

o o o o grms. grms.  grm. grm.
452 187 1844 15626 26-97 1943 1-995 1-000 0-651 0-0309
4556 189 1867 1536 26965 ” » ” ” 0-0313
450 189 1864 1547 26-975 ” » ” ” 0-0324
46-0 181 1882 1566 2699 ” 1-986% ,, ” 0-0327
Mean . . . 00318

From these determinations we get for the specific heat of bismuth between 30° and
48° the number 0-0306.

36. Carbon.—It is known how different are the numbers obtained for the specific heat
of carbon in its different forms. I have determined the specific heat for comparatively
only a few of the modifications of carbon—for gas-carbon, for natural and artificial gra-
phite. Before the experiment each of these substances was strongly heated for some
time in a covered porcelain crucible, and then allowed to cool, and immediately trans-
ferred into the glass for its reception, and, after weighing, naphtha poured over it.

Gas-carbon from a Paris gas-works; very dense, of an iron-grey colour, and left very
little ash when calcinedf. It was used in pieces the size of a pea, and two series of
experiments were made. '

# After drying the stopper.

+ This carbon, as well as the above-mentioned varieties of graphite, was analyzed in the Laboratory at
Giessen by Mr., Huser. The gas-carbon gave, when placed in a platinum boat and burned in a stream of
oxygen,— ’

L II. II1. IV, V.
Carbon........ 97-19 98-25 97-73 98-08 98-55
Hydrogen .... 053 0-15 068" 0-37 1-00
Ash .......... 0-61 062 0-73 0-23 0-69

98:33 99-02 99-14 9868 10024
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I. Experiments with Naphtha A. Glass 1. Temperature of the Air 18°9-19>2.

T. T ¢ 2 M. m. F Yo . x. sp. H.
o o o o grms, grms.  grm. grm,
529 20-8 2063 1813 26956 3-136 1-8256 0431 06561 0-184
526 209 2063 1826 2698 - ” ’ ” 0-185

517 207 2042 1806 2697 . . . 0196
5244 209 2058 1823 2698  ,  1.805% , 0186

Mean . . . 0-188

IL.—Experiments with Naphtha A. Glass 3. Temperature of the Air 20°-5-208.

T. T, [ 2 M. . I 9. a. sp. H.
o o o o grms. grms.  grm. grm.
626 226 2233 2023 26985 3-345 1-935 0-431 0-453 0-180
622 225 2223 2014 26'985 ” ’ ” ”» 0-183
62:3 226 2220 2012 26965 » » » ” 0-179

626 226 2231 2022 26955 1-91* »” 0-182

Mean . . . 0181

These determinations give as the average of the means of both sets of expeﬁments
the number 0185 as the specific heat of gas-carbon between 22° and 52°,
Natural graphite from Ceylon. Left very small quantities of ash when calcined+.

IL—Experiments with Naphtha A. Glass 3. Temperature of the Air 18°:9-19>2.

T. T, ¢. 2 M. m. I Y. . sp. H.
o o o o grms. grms.  grms. grm,
51-4 20-8 2048 1813 26:975 4:0256 2:085 0431 0-453 0-179

614 20-8 20561 1813 26-99 ’ ” ” ” 0-186
51-8 20-8 2064 1815 26975 -, ” » ” 0-181
652:0 20-8 2064 1813 2699 »  2°06% » 0-183

Mean . . . 0183

* After drying the stopper.

t In Mr. Huser’s analyses this substance was placed in a platinum boat, then burned in a porcelain tube in
oxygen. '

1. II II1.

Carbon........ .. 99-11 9852
Hydrogen .... .. 0-17 . 006
Ash .......... 026 0-27 .0-51
9955  99-09

The residual porous ash left after the combustion was tolerably white, with admixed red particles,
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IL.—Experiments with Naphtha A. Glass 1.

T. T. t. ot M. m. I Y. @, sp. H.

o ° 0 o grms. grms. grm, grm,
539 211 2077 1822 26-97 3515 1-935 0431 0651 0-174
522 210 2073 1831 2696 ' ’ ’ v 0176
521 212 20-86 1852 26-94 » ’ ’ ' 0-158
53:0 210 2073 1832 2697 , ” ” , 0155
52-8 21-0 2073 1833 26965 ” 191* ” 0160
' Mean 0-165

IIL.—Experiments with Naphtha A. Glass 3. 'Temperature of the Air 19°9-20>0.

T. T". t. t. M. . f Y. . sp. H.

o o o o grms, grms. grms, grm.

616 21-9 21-66 1933 2697 390 2:05 0431 04563 0174

61-3 220 2171 1962 26966 ” - ” 0-174

616 220 2170 1962 2697 » » » ” 0-168

515 21-9 21-63 1942 2696 ,  2:04% » 0175
Mean 0-173

The average of the means of these three series of determinations, 0-183, 0-165, and
0178, gives 0'174 as the specific heat of Ceylon graphite between 21° and §2°.

Iron graphite from Oberhammer, near Sayn, separated upon black ordnance iron.
Thin, very lustrous lamine, freed from iron by treatment with aqua regia as much as
possible, yet not completely.

* After drying the stopper.
+ This iron graphite, according to Mr. Huser’s analyses, in which it was also burned in oxygen in a plati-
num boat placed in a porcelain tube, gave the following results :—

L 1I. 111,
Carbon........ 97-01 9612 96-37
Hydrogen . 012 - 018
Ash.......... 4-88 4-87 399 -
101-89 101-11 100-54

1t is probable that both in this graphite and in that of natural occurrence, the hydrogen is not essential, but
arises from hygroscopic moisture. The residual ash contained porous particles consisting of sesquioxide of iron
and silica, and also small pellets, covered externally with a layer of magnetic oxide of iron: these dissolved in
hydrochloric acid at first quietly, and afterwards under disengagement of hydrogen ; and in the solution small
blisters of graphite could be perceived. Itis owing to the oxidation of the iron that the sum of the constituents
“in all cases exceeds 100.

MDCCCLXYV. R
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I. Experiments with Naphtha A. Glass 3. Temperature of the Air 19°0-18°7.
T. T, v ¢ M. m. I . 2. sp. H.

grms.  grms.

o o o o grms’ grm'
6256 208 2063 1821 26-9556 2561 2445 0-431 0-453 0-186

529 211 20-84 1854 2698  ,  2:565% . 0156
514 209 2064 1843 2694 . . , 0157
52:0 209 2060 1833 2699  , 2545+ . 0168

Mean . . . 04167

II.—Experiments with Naphtha A. Glass 1. Temperature of the Air 19°-9-20>0.

T. T £. t. M. m. f. . e sp H

o o o o grms. grms.  grms. grm.
521 219 2167 1932 2694 248 2205 0431 0651 0164
517 220 2166 1945 26-97 ” ', ” ' 0-163
5156 22:0 2173 19564 26:98 . ' v ” 0-162
51-56 220 2166 1946 26945 2-19¢ ” ’ 0-167
Mean . . . 0164

The average of the means of both these series of experiments, 0°167 and 0-164, gives
0-166 as the specific heat of iron graphite between 22° and 52°.

The results previously known in reference to the specific heat of carbon, differ greatly
for its different conditions, as also do the results obtained by different inquirers and
by different methods for the same condition. But even leaving out of consideration the
numbers obtained by DE LA Rive and MARcET by the method of cooling, there are still
considerable differences between REGNAULTS results, obtained by the method of mixture,
and my own. REeeNAvLT found for animal charcoal 0261, for wood-charcoal 0-241, for
gas-carbon 0209, for natural graphite 0-202, for iron graphite 0-197, for diamond 01469 ;
his experiments gave greater numbers for the same substance than my own. I think that
exactly for a substance like carbon in its less dense modifications, my method promises
more accurate results than that of REevavLr. Even in mine, the substance, after being
strongly heated before the experiment, might absorb gases or aqueous vapour, which
would make the specific heat too great. Butin REenavrnr’s method this source of error
might also operate, and more especially also the source of error due to the disengage-
ment of heat when porous substances are moistened by water. These sources of error,
which affect the determination of the specific heat of the various modifications of carbon
and make it too high, have the more influence the looser and the more porous the sub-
stance investigated. I believe that the only certain determination of the specific heat
of carbon is that of diamond, and all other determinations are too high, owing to various
circumstances, and in REGNAULT’S experiments with wood and animal charcoal, &c.,
owing to the heat disengaged when these substances are moistened by water.

* After some more naphtha had been added. + After drying the stopper.
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37. Silicium.—1I have investigated this substance in four different modiﬁcations.
Amorphous Silicium *.—For the experiments picked coherent pieces were used, which
had stood for several days #n vacuo over sulphuric acid.

Experiments with Naphtha A. Glass 3. Temperature of the Air 19°2.

T. T #. t M. m. I Y. . sp. H.
o o o o grms.  grm.  grms. grm.

81:5 207 20-38 1813 2695 1095 2:88 0-431 0453 0251
500 20-8 2054 1846 26-975 . " ., 0208
904 21-0 2066 1865 2698 ” ” » 0221
805 209 2069 1862 26935 2:87F » 0177

Mean . . . 0214

The very discordant results of these experiments are very little trustworthy; the
quantity of silicium, 1 grm., was too small, and its thermal action inconsiderable as com-
pared with that of the other substances immersed with it in the water of the calorimeter.

Graphitoidal Silicium {.

Experiments with Naphtha A. Glass 3. Temperature of the Air 16°7-17°2.

T. T. t. & M. m. 7 . . sp. H.
grms.  gr

o o ° o grms. m. grm.

510 188 1851 1634 26-965 3-15656 1-83 0431 0453 0-182
523 191 1882 1659 26975 Y . 0181
511 189 1862 1644 2698 . . 0185

504 188 1862 1643 26-95 » o 181% 5 0174

Mean . . . 0181
Crystallized Siliciwm.—Grey needles).

Experiments with Naphtha A. Glass 1. Temperature of the Air 19°1.
T. T i t. M. m. f Y. . sp. H.

° ° o ° grms. grms. grm. grm.

53-8 211 20-83' 1853 2694 2395 1955 0431 0651 0-168
526 210 20774 1852 26975 ” . , 0168
52:3 210 2072 1852 2608 . . . . 0168
519 210 2066 1853 26975 , 1985+ ., . 0156

Mean . . . 01654

¥ < Prepared from silicofluoride of potassium by means of sodium.”—W5HLER.

+ After drying the stopper.

1 “ Obtained by melting silicofluoride of potassium, or sodium, with aluminium ; the aluminium was then
extracted with hot hydrochloric acid, and the oxide of silicium with fluoric acid.”—WoHLER.

§ ¢ This silicium was prepared from the silicofluoride of potassium, or sodium, by sodium and zinc, and the
lead (from the zinc) removed by nitric acid. Whether it was afterwards treated with hydrofluoric acid I
cannot say, but probably so. It was quite unchanged when heated in the vapour of hydrochlorate of chloride
of silicium (passed by means of hydrogen). Probably it contained, however, like all silicium reduced by zinc,
a trace of iron, which appears when it is heated in chlorine. An experiment with another portion of such
silicium gave, however, so little iron that its quantity could not be determined.”—WGHLER.

R 2
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Fused Silicium*.
Experiments with Naphtha A. Glass 1. Temperature of the Air 18>9-18"7.

T. T t. t. M. m. f 7. . sp. H.
grms.  grms.

180 205 2do4 1840 2697 417 1555 0481 0-651 0142
505 207 2043 1852 2696 N y s 0139
497 2046 2027 1842 26:965 , N , 0136
508 207 2043 1852 26.94 , 1145% . 0136

Mean . . . 0138

38. Tin: reduced from the oxide, cast in small bars.
I—Experiments with Naphtha A. Glass 1. Temperature of the Air 17°-8-18°8,

T. T . t. M. m. f. voomw H.
o] [e] o] ] I‘mS

514 198 1946 1714 26 965 14 835 1 385 0-431 O 651 0-0493

51:4 199 1962 17-28 2698 ’s ’ ’ ’s 0-05639

51:3 200 1972 17-34 26:95 ’ ' ' ’ 00540

5156 20:3 2003 1765 26995 ’ 1-365¢+ , ’ 0-0653

Mean . . . 005831

II;-EXperiments with Water. Glass 1. Temperature of the Air 15°5-15%9.

T. T Z. i M. m. f 9. @. sp. H.
o o o o grms,  grms.
451 176 1724 1413 26 975 1462 1 595 1-000 0 651 0-0543
464 1756 1724 1394 2698 » » » 00671
456 176 17-34 1414 26-99 ” ” » » 005674
457 176 17-34 1414 2695 »  188¢% » 00573
Mean . . . 00565

The average of the means of these two series of observations gives 0:0548 as the
specific heat of tin between 19° and 48° at 0-0548, '

Platinum: several pieces of fused platinum and of thick platinum wire.
Experiments with Naphtha A, Glass 1. Temperature of the Air 17*8-182,

T. T t. Z M. m. f Y. . sp. H.
. o o o grms.  grms.
5356 204 2014 1723 26 96 23626 2 225 0431 0 651 0-0822
528 200 19656 1673 26:975 » ’ » 00335
5156 200 1973 1695 2696 ”» ” ” » 0-0826

509 200 1974 1705 26:96 ” 2206 » 00316
I have also made a few experiments with a piece of fused éridium which M. Her&zvus
gave me.

* WortER had obtained it from Duvizie; it formed a cylindrical piece.
t After drying the stopper.
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Experiments with Naphtha A. Glass 3. Temperature of the Air 17°8-18°2.
T, T". t. t. M. m. I Y. z.  sp. IL

grms.

518 165 1594 1593 26095 1666 204 0431 0453 00359

610 196 1926 1696 2697 » » » » 003917
500 195 1924 17-06 26965 ” » » s 00357
606 196 1934 1713 2693 »  208% » 00359

Excluding the second experiment, which is obviously uncertain, these determinations
give 0:0358 as the specific heat of iridium. = This iridium was not free from metals of
smaller atomic weight and greater specific heat. For various specimens of impure
iridium, ReeNAULT (Ann. de Chim. et de Phys. [2] vol. Ixxiii. p. 53; [3] vol. xIvi.

p- 263 ; vol. Ixiii. p. 16) found 0-0368, 0-:0363, 0-0419, and for almost pure iridium
0-0326.

39. Silver: pure, cast in bars.

Experiments with Naphtha A. Glass 3. Temperature of the Air 18>9-19>1.
T. T'. A 2 M. . f. . w. sp. H.

grms. grms.

531 201 2082 1815 26075 2151 1585 0431 0453 0-0552
515 211 2077 1814 2699 . ., . . 00557

514 209 2062 1794 26-98 ’ ” ” ,» 00574
509 210 2065 1806 26-95 . ’ ’ ’ 0-0557
510 211 2083 1825 26-965 ,» 1:565% ’ 0-0558

Mean . . . 00560

Copper.—Commercial copper wires 7.

I.—Experiment with Naphtha A. Glass 1. Temperature of the Air 13°2.
T. T t. t. M. m. f. 9. . sp. H.

grms.

443 180 1564 1264 26985 16505 1-675 0-431 0651 0-0895

46-2 151 14-82 11-43 26-97 ’s ’ ’s ’ 0-0949
457 152 1491 11-63 26-97 ’s ’ . ’s 0:0926
477 152 1493 1143 26-98 ' 1-67% ’ 0-0930

Mean . . . 00925

# After drying the stopper.
+ With reference to what has been said in § 24, I here communicate a series of experiments (one of my
earliest) where ¢’ was much more above the temperature of the air than usual, and hence too small numbers
“were obtained for the specific heat of the substance in question.
Experiments with Naphtha A. Glass 2. Temperature 13>8.

T. T t. t. M. m. f . . sp. H.
o o o o grms. grms. grm. grm,
456 16:5 16-23 13-02 2698 1833 1-96 0-431 0-487 0-0897
485 16-9 16-64 13-21 2697 »” » » ” 0-0870
437 165 16-15 13-21 26-98 » 1-95% » » 0-0867

* After drying the stopper.
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II.—Experiments with Naphtha B. Glass 8. Temperature of the Air 19°4-19°0.

T. T, t. ¢ M. m. f Y. @. sp. H.

o ° ° ° grms. grms. grm.
550 219 2162 1806 2696 19725 1 56 0419 0-453 00909
541 214 2111 1760 26965 ’ ’ ’ ' 0:0906
536 212 2086 17-36 2699 ’ ” ’ ' 0:0917
54:2 21-3 2096 1744 2698 ’ ’s ’ ’ 0:0902
517 212 20:85 1755 26-965 ' 1-545% » 0-0921
Mean . . . 00911

* IIT.—Experiments with Water. Glass 1. Temperature of the Air 18°4-18°7.

T. T, ¢, t M. m. f. Y. @. sp. H.
grms. grms.

Tm.
467 208 2050 1617 2695 1896 1625 1000 0651 0-0965
5040 206 2032 1593 2696 . . . . 00958
495 208 2050 1622 2693 . ) . , 00958
479 2009 2062 1664 26945  ,  1-615% . 00034

Mean . . . 00953
According to these determinations, the mean of the average results 0-0925, 0:0911,
0-0953, the number 0:093 represents the specific heat of copper between 20° and 50°.

40. Lead: reduced from sulphate of lead and cast in small bars.
I.—Experiments with Naphtha A. Glass 1. Temperature of the Air 18>9-18>8.
T, T, t. . M. m. f. Y. w. sp. H.

grms. grms.

505 266 2033 1393 26095 10-08 1465 0431 0-651 00308

505 207 2043 1835 26975 ’s L, . v 0:0302
509 207 2044 1835 26-965 ”s - ' ' 0:0293
505 206 2032 1824 26:94 ' 1-4456* ’ 0-0302

Mean , . . 00301

IL.—Experiments with Water. Glass 1. Temperature of the Air 15°5-15%9.
T. T t. 2 M. m. f Y. 2. sp. H.

o o o o grms. grms. grm. grm.
46:0 176 1721 1402 26:96 24:845 1:56 1-000 0-651 0-0325
453 176 1732 1423 26-985 ” » ” 0-0322

459 177 1742 1425 26-945 ' ’ ’s ’ 0-0329
461 179 17-61 14-43 26-985 ' 1-56*% v 0-0339
Mean . . . 00329

The mean of the averages of both series of experiments, 0-0301 and 0:0329, gives for
the specific heat of lead between 19° and 48° the number 0-0315

* After drying the stopper,
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Zinc: purified, cast in small bars.

I.—Experiments with Naphtha A. Glass 3. Temperature of the Air 17°8-18%9.
T. T, ¢, i M. m. I Y. x. sp. H.

o o o o . grms. grms. grm. grm.
516 205 2022 17283 26995 15566 1-745 0:431 0-453 0-0899

511 203 1995 1696 26-985 ” ” » ” 0-0909

617 206 2026 1724 2699 » " ’ » 00905

509 206 2023 17256 26945 ” 172* ” 0-:0930

Mean . . . 00911

IL.—Experiments with Water. Glass 1. Temperature of the Air 16%0-165.
T. T t. t. M. - om 7 9. 2. sp. H.

grms. grm. g

o o o o grms. rm.
43-0 17-7 1743 13-82 26-98 1426 1-856 1:000 0-6561 0-0943

431 181 17-84 14-26 26-965 ’s ’ ” ’ 0-0951
42-7 181 17-82 14:32 26:96 ’ ’ ' ’ 0-0933
42-7 184 1805 14:54 26-99 s ’s ” ” 0-0977
42-9 185 1823 1474 26-97 ” 1:845* ’s 0:0956

Mean . . . 00952

These determinations give 00932 as the mean of the means of the two series of
determinations for the specific heat of zinc between 19° and 47°.
Cadmiwm : cast in small bars.

Experiments with Naphtha A. Glass 1. Temperature of the Air 18>9-191.

T. T. t. t. M. m. I 7. x. sp. H.
o o o o grms, grms. grm, grm.
537 21-0 2072 18'245 26-965 13:336 1:5656 0:431 06561 0-0542
516 209 2066 1823 26-97 ’ 5 . s 0:0544
519 208 20-47 1812 26-98 . ’s 5 53 0:0538
52:3 20-8 2052 1814 26:975 55 1-5636* 5 0:0544
Mean . . . 00542

Magnesium : metallic globules and masses comminuted.

Experiments with Naphtha A. Glass 1. Temperature of the Air 18>6-19°1.
T. T, t. t. M. m. I Y. . sp. H.

rm.

o 0 o o grms. grms. g grm.
533 206 2032 1774 26995 3:485 142 0431 0651 0-249

518 206 2026 17-83 26-97 ”» » ” » 0-240
51:0 206 2033 1794 2699 » » » » 0247
516 210 2072 1833 2696 » 1-40%* » 0244

, Mean . . . 0245
* After drying the stopper.

+ < The magnesium was prepared by the methods of Devirre and Carox, and Wonrter. The reguline masses
were not remelted, but treated with dilute hydrochloric acid, then washed with water and dried at a gentle
temperature.”—ENGELBACH.
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Iron: pieces of iron wire.
L—Experiments with Naphtha A. Glass 2. Temperature of the Air 13>2.

T. T t. t. M. m, f Y. . sp. H.
o o o ° grms. grms. grm, grm.
466 16-2 1592 12-62 2697 1756656 146 0431 0487 0108
454 1561 1483 11-33 2695 ” ” » » 0114
460 151 1477 11-22 26935 ” ” » » 0113
462 152 1491 1134 2698 ” 1-4556* » 0113

Mean .. . . 0112

II.—Experiments with Water. Glass 1. Temperature of the Air 16>8-17°2.
T. T t, t M. m. f 9. @, sp. H.

o o o o grms. grms. grm. grm,
432 188 1846 1502 26-985 1567 1-425 1:000 0-661 0-111
429 191 1884 1547 26975 ” ” ” - 0-112
436 193 1904 1562 2699 ’ ” » » 0-111
4256 193 1901 1672 26985 ’ 1-42% ” ” 0-113

Mean . . . 0112

The means of both series of experiments give for the specific heat of iron between
17° and 44° the number 0-112. | ’

With reference to what has been said in § 24, the following series of experiments
made at the beginning of my investigation are given, in which ¢ exceeded the ordinary
temperature much more than usual, and hence the numbers for the specific heat of iron
were found somewhat too small.

Experiments with Naphtha A. Glass 1. Temperature of the Air 13°8.

T, T, £, t. M. m. 1 ”. x.  sp. H.
o o ° o grms. grms. grm. grm.
481 164 1612 1273 2693 1667 1185 0431 0-6561 0-111
445 163 1597 18:03 26-905 ’ ’ » ’ 0-106

457 166 1626 1323 2697 » » » » 0106
470 167 16-43 1323 2696 » L17T* » 0103

Another source of error which may make the numbers for the specific heat of the
substance investigated too small, has been discussed in § 18 and 24,—the circumstance,
namely, that the substance may fill the glass so densely as to impede the circulation of
the liquid, or make it impossible. This circumstance made the numbers for the
specific heat of chromium, which were obtained from the following series of observa-
tions, too small. The chromium was reduced from chloride of chromium according to
WoHLER'S method by means of zinc (Ann. der Chem. und Pharm. vol. exi. p. 230);
the heavy, finely crystalline powder deposits in the glass as a dense mass impeding the
circulation. The following results were obtained :—

* After drying the stopper.
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Experiments with Naphtha A. Glass 3. Temperature of the Air 1978-19°1.

T, . [ & M. . 7 . m. sp. H.
o o o o grms.  grms.
612 216 21-34 1896 26 965 6 725 2 405 0431 O 458 0-101
612 216 21-33 1895 2697 » » » - 0-101
508 215 21-24 1892 26:945 . . . 0096
61-8 216 21'22 18-:81 26-99 » L 2086% o 0-101

As the atomic weight of chromium is somewhat smaller than that of iron, it is to be
supposed that the specific heat of chromium is somewhat greater than that of iron.

Aluminium: a piece of a small bar .
prerlments with Naphtha A. Glass 3. Temperature of the Air 18”6-18°4.

T.
593
519
522
510

T,
20-9
207
920-9
9208

t,

20-64

2044

2062
20-47

i

1803
17-88
17-95
17-98

M.

grms.

26-98 5916 145 - 0-431 0453

26-995
26-97
26-975

m.
grms.

2
»

2

f- Y-

2 kbl

1-435* ,,

Mean

&,

b2

99

b3

sp. H.

0-197
0-200
0-207
0-202

—_—

0-202

42. Hemasulphide of Copper, €u,St. Copper-glance was investigated ; a dense spe-
cimen with conchoidal fracture from Liberty Mine in Maryland and a crystallized
specimen of unknown'locality, which also I tested as to its purity.

Experiments with Naphtha A. Glass 1. Temperature of the Air 16°7.

T. T, t. t. M. m. f ' 7. @ sp. H.
I’IHS

556 150 1872 1874 26995 S7T5 1595 0431 0651 0120

520 189 1858 1565 26995 ., . ., ., 0120

526 190 1872 1574 2699 ., . ., 0120

5146 188 1853 1563 2696  ,  158* ., , 0120

Mean . . . 0120

* After drying the stopper.

t ¢ By remelting Paris aluminium, by which it became poorer in iron; contains probably still some iron
and silicium.”—WOHLER.

1 All formule of compounds whose specific heat is discussed in the followmg are written under the assump-
tion of the new atomic weights (see § 2).

MDCCCLXYV. S
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Sulphide of Mercury, HgS. Pieces of a sublimed cake of cinnabar *.
Experiments with Naphtha A. Glass 1. Temperature of the Air 20°3-21°1.

T. T, . t M. . f. Y. . sp. H.
o o o o grms.  grms.
509 222 21-94 1979 2695 1344 1 565 0-431 0 651 0-0516
51-8 22-3 22:02 1980 2695 » ” ” ” 0-0523
512 22-4 2205 1992 2698 » » » 0-0499

51-8 224 22714 1993 26:98 » 1557 ’ ’s 0-0528
Mean . . . 0-0517

Sulphide of Zinc. ZnS. Fragments of crystals of black Zinc-blende from Bohemia.

Experiments with Naphtha A. Glass 1. Temperature of the Air 141,
T. T ¢ (A M. m. f 7. . sp. H.

arms.

568 163 1602 1318 20075 700 164 0-431 0651 0123
467 161 1583 1333 26935 ., ., . . 0120
441 159 1563 1332 2694  , . , 0121
448 162 1593 1363 2694 ., . , 0116
431 159 1563 1342 2697  ,, 1625+ , 0120

Mean . . . 0120

Sulphide of Lead, Pb 8. Cleavage fragments of Galena from the Harz.
 Experiments with Naphtha A. Glass 1. Temperature of the Air 14>5-149.

T. T i) ¢ M. Com. f. Y. 2. sp. H.
grms.  grms.

573 164 1805 1534 9605 13835 176 0431 0651 0-0486
486 164 16:05 1354 26:975 . . . . . 00495
457 161 1583 1353 26:95 . ., ., 00489
4844 162 1504 1344 26925 ,  1765¢ ., , 00490

Mean . . . 00490

% This cinnabar was found, on being tested, to be free from admixed uncombined sulphur. In experiments
with another specimen of beautiful erystalline appearance, I obtained considerably greater numbers for the

specific heat. ,
Experiments with Naphtha A. Glass 1. Temperature of the Air 16°-3-16°6.

T. T N 2 M m, f 9. o sp. H.
o o o o grms, grms,  grm, grm.
530 185 1823 1572 26975 9805 172 0431 0-651 0:0582
515 184 1814 1576  26:96 N ) . . 0-0557
520 184 1813 1573  26:99 ) ' y .,, 0-0546
516 185 1816 1581 2697 » 1-70t 2 " 0-0542

But the Naphtha which had been in contact with this cinnabar, left on evaporation a considerable quantity of
sulphur, the admixture of which made the specific heat too large.
1 After drying the stopper.
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43. Sulphide of Copper and Iron, CuFe Sy, or Cu,Fe, 8. Crystals and fragments of
crystalline masses of Copper pyrites from Dillenburg.

Experiments with Water. Glass 1. Temperature of the Air 17°2-17°5.

T. T i & M. m. f. Y. @ sp. H.
o o o o grms. grms.  grm. grm.
476 191 1882 15622 26'976 T-366 1:826 1-000 0-6561 0-128
48:0 194 1912 1544 2698 » ’s ” 0-135
476 196 1923 1565 26975 ,, . » » 0131
481 196 19256 1664 2698 ” » ’ 0-128
47-6 ’ 196 1923 1564 26:94 ’ 1-81% » » 0-133

Mean . . . 0131

Bisulphide of Iron, FeS,. Small crystals and crystalline fragments of Iron pyrites
from Dillenburg. : , v

I.—Experiments with Naphtha A. Glass 2. Temperature of the Air 18°3.

T. T t. t. M. M. f 9. . sp. H.
o e T o grms. grms,  grm. grm.
47-1 160 1566 1274 2692 1011 1-81 0-481 0-487 0125

462 159 1561 1277 2693 » » » » 0124
471 160 1574 12-87 2697 » » ” » 0121
479 162 1587 1295 2693 » L7965 % » 0121 -

Mean . . . 0123

IL.—Experiments with Water. Glass 3. Temperature of the Air 17°:4-17°5.

T. T, . i M . . . sp. H.

° o ° o grms, grms, grms. grm.
471 197 1943 1533 2697 10-145 2295 1-000 0-453 0-127
475 197 1942 1523 26955 ’ ’ ’s 0-180
47-6 198 1947 1533 26:965 L ' » - 0125
474 198 1952 1536 26945 2:28% ’s 0-131
‘ Mean . . . 0128

The average of the means of both these series of experiments, 0123 and 0-128,
makes the specific heat of iron pyrites between 18° and 47°=0-126.
44. Suboxide of Copper, Cu,0. A crystalline fine-grained Red copper-glance of con-

choidal fracture was used for investigation.

# After drying the stopper.

82
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Experiments with Naphtha A. - Glass 3. Température of the Air 16>7. .

T. . v, . - M . 7 9. . sp. H.
° o o . o grms.  grms.  grm. ,
616 187 1836 1580 26 97 8 67 1635 0431 0 453 0-109
ol-0 186 1826 1673 26995 ,, » » » 0-110
50-8 186 1826 1572 2696 » » » 0112
92-3 186 1833 1566 2695 ,, 1-625% ” 0-113
Mean . . . 0111

Ouzide of Copper, €u©. Granular freshly ignited oxide of copper.
Experiments with Naphtha A. Glass 1. Temperature of the Air 17*1-17%9.
T. T, Ot s M. . f. e a. sp. H.

grms. grms.

591 192 1886 1693 26065 G205 1-85 0431 0-651 0123
52:0 193 18-95 1623 26:985 ., ., y , 0126
511 194 1911 1643 2694 . » , 0132
50-8 19-4 19-07 1643 2697 -,  1-83% , 0131

‘ | ~ Mean . . . 0128

Oxide of Lead, PbO. Larger pieces of litharge freed by the sieve from the finer
particles.

Experiments with Naphtha A. Glass 3. Temperature of the Air 17°-4-17°6.
CT. T, t. t. M. . f . @. sp. H.

grms. grms. grms. grm.

515 191 1883 1651 26965 1017 211 0-431 0453 0-0559
5044 191 1884 1668 26:95 . . . 00532
492 190 1873 1656 2698 o e 00567
485 190 1873 16:63 26985 .,  210* . 00554

Mean . . . 00553

Ozide of Mercury, HgO. Crystalline pieces of Mercurius preecipitatus pei se, freed
by the sieve from finer particles. \ ‘
Experiments with Naphtha A. Glass 1. Temperature of the Air 17%4-17%6.

T. T ¢ (2 M. m. f. Y. . sp. H, -
‘ grms.  grms.

551 193 1603 1864 26-085 945 1.995 0451 0651 0-0506

52:0 191 1883 1646 26:9756 ” »  0:0547
516 191 18:83 1653 26985 ., s » 00510
504 191 1882 1656 26965 ,  1916* »  0°0557

Mean . . . 00530

Hydrate of Magnesia, MgO+H,0. Transparent cleavage lamin® of Brucite from:
Texas in Pennsylvania. Dried at 40°-50°.

* After drying the stopper.
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Experiments with Naphtha A. Glass 3. Temperature of the Air 17°-2
T. . t. i M. m. f Y. w. £p. H.

frms. £rms.  grms.

590 194 1513 1802 26-085 359 - 929 0431 0453 0-318
522 195 1923 1612 2699 . . 0314

482 193 1904 16'82 26-95 ’ v ' ’s 0-305
492 196 1932 16:53 26-985 ,, 2:27T* ” 0-310
Mean ... 0 312

45, Spmelle, Mg Al,O . Transparent crystalline grains from Ceylon of octahedral form.
I —-Expenments with Naphtha A. Glass 1. Temperature of the Air 11°5.

T. T". Z. (2 M. m. o f e 2. sp. H.
o o o o grms. grms,  grm. grm,
456 138 1362  10-88 26 925 5025 1325 0-431 0651 0-202
441 135 1323 1068 26966 » » » 0-204

46-0 138 1346 10-84 2696 ” ” ” ” 0-193
44-8 139 13-556 1104 26975 ,, 1-32% » 0-193

Mean . . . 0198
IT.—Experiments with Naphtha A. Glass 2. Temperature of the Air 11°5.
T. ™ . M. m 7 Y. .i'. sp. H.
° ° ° ° grms. grm.
457 141 13-83 11-47 26 935 5 025 1265 0431 0 4.87 0-195
46-1 138 13564 1114 2695 » ” » » 0-193
462 132 1285 10-33 26975 ” » » 0-205

48:0 138 1345 1093 2695 » 1-26% ” 0190

Mean . . . 0196

I subsequently received another quantity of spinelle grains, also from Ceylon, and
have made the following series of experiments with this material.

IIT.—Experiments with Naphtha A. Glass 1. Temperature of the Air 15%5.

T. T t. & M. m. I Y. x.  sp.H.
' grms.  grms.  grm.

466 177 1786 1453 2694 753 1 34 0431 0 651 0-187
475 "17-8° 1746 1463 2696 s » » 0-190
476 17-8 1754 1463 26:965 ,, ” » " 0-187
484 178 1754 1454 2695 ,  1:32% ” 0-189

———

Mean . . . 0188
# After drying the stopper.

+ Asnrcr’s analysis of red spivelle from Ceylon (RamuerssEre’s ¢ Handbuch der Mineralchemie,” p. 161),
gave the following results compared with those calculated by the above formula :—

~ ALO,  Cr,0,  MgO. FeO.  §0,  Total.
Analysis........ 69-01 1-10 26-21 071 202 99-05
Calculation. . .. .. 7199, - 2801 ” . 100-00
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These determinations give as the average of the means of the three series of experi-
ments (0-198, 0:196, and 0-188) 0-194 for the specific heat of spinelle between 15°
and 46°.

Chrome Iron Ore, Mg, Fe, Gr.; Al O,*. Fragments of granular pieces, partly dis-
tinctly crystalline, of chrome 1 iron ore from Baltimore.

Experiments with Naphtha A. Glass 1. Temperature of the Air 14°%2-13>8.

T. T. t. ¢ M. m. f . . sp. H.
o o o o ~  grms.  grms.
476 164 1612 1514 26 97 7 625 1 63 0-431 0O 651 0-163

46-9 165 1624 1388 26985 ,, ’ v ’ 0-155
46-8 164 1613 1324 269256 ,, ” ’ ' 0-158
46-4 164 1613 1328 26:955 ,, 1614 ” 0-159

Mean . 0:-159

Magnetic Tron Ore, Fe, O,

in Tyrol.

I—Experiments with Naphtha A. Glass 1.

T.
451
4744
491
476

T
189
138
141
141

t/

15-64
1353
13-84
13-83

t.

1054

10-23
10-42
10-54

II.—Experiments with Water.

T.

43 5 216 2132 1802 26 985 10 626 1 925 1-000 0 453

T.

t.

t.

M.
grms,

2696
2697
26-98
26-92

grms.

grm
907 148 0431 0651

» 2 bb] 2

2 29 29 b

2 1-415 1‘ ” 9

Mean

Small crystals and crystalline fragments from Pfitsch

Temperature of the Air 11°0.

sp. H.
0-156
0-152
0-151
0-152
0-153

Glass 3. Temperature of the Air 19*6-19°4.

M.
grms,

427 216 2132 1813 2699
43:0 216 21-33 1812 2697

grms.

b b4 29 . .»

2 1-91 'f' 7 BT

Mean

sp. H.

0-159
0-160
0-158

——

0-159

These determinations give as the mean of the averages of the two sets of experi-

ments, 0-156 for the specific heat of magnetic iron ore between 18° and 45°,

# The admissibility of this formula for the ore investigated follows from the following comparison of the
results caleulated from it, with those which Asrce had obtained (Ramurisprre’s ¢ Handbuch der Mineral-
chemie,’” p. 172) by the analysis, « of compact, b of crystallized chrome iron ore from Baltimore,

Cr,0,. ALO,. Fe O. MgO. Total.

Analysis ... .. { a 5537 1897 19-18 10-04 9851
: : b 60-04 11-85 © 20-13 7-45 - 9947
Calculation ..... 5832 13-11 10:20° 100-00

18:37
+ After drying the stopper. :
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46. Sesquioxide of Ironm, Fe, O; Crystals and crystalline pieces of specular iron
from St. Gotthard.

IL—Experiments with Naphtha A. Glass 1. Temperature of the Air 12°4-12%3.

T. T t. i M. m. f. . . sp. H.
grms,

o o (o] o grms' grm_'
470 14-8 1447 11-38 26:97 761 1 74 0431 06561 0-158
464 147 1443 11-48 26976 ,, ” » » 0-153

458 147 14-44 1152 26-925 ’s " . ’ 0-150
458 150 1473 11-83 2698 ’s 1-72% ’s 0153
Mean . . . 0154

II.—Experiments with Water. Glass 1. Temperature of the Air 19%5.
T. T t, M. “m. f ’. a;«. sp. H.

grms. grms.

431 955 of17 1981 2607 8845 1935 1000 0651 0-161
436 216 21-26 1801 26985 . ., , 0158

425 215 2123 1812 26985 » o » 0-169
42-8 216 21-33 1822 2698 ” 1-92* ” 0-157
Mean . . . 0159

The specific heat of specular iron between 18° and 46°, according to these determi-

nations, is 0-157, the mean of the averages of both series of experiments 0-154 and-
0-159.

Iserine, ¥e, Tiy Oy F. Indistinct crystalline grains from the Iserwiese in the Riesenge-
birge.
Experiments with Naphtha A. Glass 2. Temperature of the Air 14>2-13%8.

T. T t. A M. m. f Y. 2. sp. H.
1ms

6 151 1877 1543 26075 11145 1415 0-431 0487 0176

AT-0 167 1648 1297 2698 ., . N , 0178

465 166 16'33 1293 2693 . , 0176

470 169 1656 1315 2698 . 189% ., 0177

’ Mean . . . 0177

#*"After drying the stopper.
+ This formula corresponds to the composition assumed by Ramuerssrre (Handbuch der Mineralchemie,
pp. 413, 1015) for iserine from the Iserwiese, namely, 3 (FeO Ti0,)+4 Fe, O,
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Ozide of Chromium, €r, O,.
Experiments with Naphtha A. Glass 3.

T.

5-1
515
531
59-1

T
215
9212
91-4
9212

tl

21-23
20-03
21-06
90-94

t.

1853
18-22
1895
18-23

M. m. : f. . .
grms. grms.
26955 5 405 2 255 0-431 0 453
26 955 29 L3 99 29
26.945 9 9 » 2 29
26-99 ’9 2‘24:5 * 2 ”
Mean .

PROFESSOR KOPP ON THE SPECIFIC HEAT OF SOLID BODIES.

Crystalline crusts prepared from oxychloride of chromium.
Temperature of the Air 19>1.

sp. H.
0176
0-181
0-178
0-175
0-177

Hydrated Sesquioxide of Manganese Mn, O;+H, O. Fragments of good crystals
of Manganite from Thlefeld in the Harz, dried at 40° to 50°.

Experiments with Naphtha A. Glass 3. Temperature of the Air 14°'6—14°'4.

T. T t. . M. m. I 9. w.
. grms.  grms.  grm. sp. H.
470 171 1682 1383 26 985 8 31 1-856 0431 0 453 0-174
456 170 1669 13-83 2694 » 1 ” ’ 0-173
457 170 1673 1385 2692 »  1:846% ” 0-174
Mean 0-174

I made subsequently another series of experiments with a specimen from the same
locality dried at the ordinary temperature.

Experiments with Naphtha A. Glass 3. Temperature of the Air 17%7-17°4.

T. T, t. t. M. . - . 2. sp. H.

o o o o grms. grms, grm.
52:0 206 2016 17-06 2695 8 04 1 77 0431 - 0 453 0-178
62:3 208 2002 1686 26975 ,, " . ' 0-180
519 201 1977 1666 26:965 ,, ' ' " 0-178
516 201 1984 16:80 26:995 ,, 1-75% ' 0174
Mean 0-178

The specific heat of manganite between 19° and 49° is 0-176, the mean of the
averages of both series of determinations. k

# After drying the stopper.

t “Manganite dried at about 80°~90°, and then kept for half a day over sulphuric acid, gave in a water-
determination, in which the water was collected in a chloride of calcium tube, 996 per cent. of water.”—Kxor.
The above formula requires 10-23 per cent. of water.
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47. Binoxide of Manganese, Mn O,. Pyrolusite from Ilmenau, dried at 100°-110°*.
Experiments with Naphtha A. Glass 1. Temperature of the Air 14°4-14"5.

T. T t. t. M. m.f. Y. 2. sp. H.

o o o o grms.  grms. ' grms.
ol‘6 17-0 1670 13-41 26 955 6-32 2 06 0431 0 651 0-162
485 16:9 1663 1363 26:945 » ”» » 0161
459 169 1661 13-86 2693 ” w ” 0-161
44:0 169 16:64 1418 2697 ,  2:04%¢ ,, -, 0153
Mean . . . 0159

Titanic Acid, Ti O, I have investigated the one quadratic modification, rutile, and
the rhombic modification Brookite or Arkansite; I had no material for the investigation
of anatase, the other quadratic modification.

Rutile. Fragments of crystals from Saxony and from France.

Experiments with Naphtha A. Glass 1. Temperature of the Air 13°6-13°7.

T. T. t', t. M. m. f . 2. sp. H.

o o o ° grms. grms,
479 16:0 1573 1263 2695 8 055 1 60 0-431 O 651 0-159
476 161 1578 12773 2697 . . , 0158

452 159 1556 1273 26965 . » ., 0156
456 161 1584 1301 26:965 ,  168% . 0156

Mean . . . 0-157

Brookite or Arkansite. Beautiful small crystals from hotsprings in Arkansas, puri-
fied by treatment with hydrochloric acid from adherent oxide of iron.

Experiments with Naphtha A. Glass 1. Temperafure of the Air 16°1-16°3.

T. T". t. i M. m. f Y. w. sp. H.
grms. grms.

1 182 1594 1592 9607 800 1415 0431 0651 0160
49-3 185 1823 1522 2696  ,, . . . 0161
49-2 187 1840 1552 26:935 , N , 0160
490 18-6 1831 1543 2696  ,  1:395% » 0163

Mean . . . 04161

# Thig pyrolusite was not pure binoxide, but probably contained some manganite also. In experiments made
by Mr. Omser in the Giessen laboratory, this pyrolusite, dried at 100° to 110°, gave, when heated in a current
of dry air, the water being collected in a chloride of calcium apparatus, 1'21 per cent. of water ; treated with
oxalic acid, as much carbonic acid was disengaged as corresponded to 95:36 per cent. of binoxide. As the
specific heat of manganite (0-176) does not very much differ from that found for pyrolusite (0:159), I neglected
to introduce a correction for the small quantity of manganite.

t After drying the stopper.

MDCCCLXYV. T
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Binoxide of Tin, Sn 0, Fragments of crystals of tinstone from Saxony.
Experiments with Naphtha A. Glass 2. Temperature of the Air 14°5.

T. T ¢ i M. m. N Y. . sp. H.
° ° ° ° grms. grms, grm. grm,
504 17-0 1666 1352 2699 14:495 1-71 0431 0487 0-0906
466 164 1614 13'33 26925 ., . . , 00884
451 164 16:05 1335 2696 , ,, s , 00905
457 16:3 1604 1332 2698 ,  1695* , 00882
' Mean . . . 00894

48. Silicic Acid, 81O,  Pieces of transparent quartz (rock-crystal) from the Grimsel.
- L—Experiments with Naphtha A. Glass 1. Temperature of the Air 17°-7-17°4.

T. T". v t. M. m. b . . sp. H.

o o o o grms. grms.  grm. grm.
938 201 1983 17-03 26:99 4-885 1-58 0-431 0-651 0-186
525 198 1953 16777 26:96 ., . , 0193
518 197 1943 1677 2698 . . 0185
517 197 1942 1676 26945 ” ” » » 0186
52:7 197 1935 16:64 2696 » 166% » 0182
Mean . . . 04186

IL.—Experiments with Naphtha A. Glass 3. Temperature of the Air 19°1-19>4.
T. T, t. i M. . f 9. . sp. H.

o 0 o o grms. grms. grm, grm.
5156 210 2074 1836 26985 5135 1635 0431 0-453 0-185

51:0 211 2079 1845 26'96 v »s ’ . 0-185
526 212 2092 1845 26:955  ,, ” ’ ’ 0-187
526 212 20-89 1842 26-97 ' 1-62*% ' 0-189

Mean . . . 0-187

III.——EXperimehts with Naphtha B. Glass 3. | Temperature of the Air 17°8-17%9.

T. T i, i M. . I Y. . sp. H.
o o ° ° grms.  grms. grm. grm.
500 200 1969 1727 2698 6645 170 0419 0453 0-175

505 199 1964 1714 2697 ” » » 0184
500 201 1982 17-40 2699 ,, » » » 0181
500 200 1966 17-22 26976 ,  1-6856% » 0178

Mean . . . 0180
* After drying the stopper.
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IV.—Experiments with Water. Glass 1. Temperature of the Air 17°:8-18"3.

T. T, t. i M. m. I . x. - sp. H.

o o o o grms.  grms. grm. grm.
47-6 197 1937 1572 26945 502 193 1000 0651 0-188
479 199 19'57 1592 2695 ' ’s ’ ye 0-186
476 200 1965 16:03 26985 . ' ' ” 0191
473 2000 1967 16:08 2698 ’ 1:9156* ,, 0-196
Mean . . . 0190

The average of these four means, 0°186, 0-187, 0180, 0-190, gives 0-186 as the
specific heat of quartz between 20° and 50°,

It was interesting to determine also the specific heat of amorphous silicic acid. T ac-
cordingly made experiments with opal and with hyalite, taking into account the water
contained in these minerals. If the quantity of silica in the mineral taken is m, that
of the water in it w, and 2 the specific heat of the water contained in the mineral, then,
taking the other symbols in the sense hitherto assigned to them, the specific heat of
the silica in the mineral can be calculated by the formula

I — )
sp. H=M(t ?) 75;”(—';{_?/_1—"_/;02) (T-T")

_ But though the quantity of water contained in the (air-dried) minerals investigated
is so small (scarcely exceeding 4 per cent.), the specific heat of silicic acid is found to
be very different, according as () the specific heat z is put equal to 1, that of liquid
water, (8) or equal to 0+48, that of solid water or ice (which is at least correct for
far the greater part of the water of these minerals, vide § 97). I give as follows,
under « and B, the numbers resulting from both calculations.

Noble Opal from Honduras: yellowish, colourless in small pieces. The air-dried
~ mineral contained 43 per cent. of water; in the following experiments 4:12 grms. of
opal were used, containing, therefore, 3:943 grms. of anhydrous substances (m) and
0-177 grm. of water (w). v “

Experiments with Naphtha B.  Glass 8. Temperature of the Air 18°5-18"7.

T. T t. t. M. m. w., = f Y. . sp. H.

o o o o grims. grms.  grm. ' grm, ‘grm. a . B
504 206 20-34 1810 26-98 3-943 0-177. 1-69 0-419 0-458 0-175 0-198
526 206. 2032 1784 26985 ., . s = , 0191 0-214
5140 206 2032 17-92 2698 ” » o ” , 0185 0-209
51-3 206 20-32 17:96 26:955 ,  , 167* ., 0188 0211

Mean . . . 018 0-208

Hyalite from Steinheim near Hanau. Small limpid spheroidal masses. The air-
dried mineral contained 8-65 per cent. of water. In the following experiments 3:795

# After drying the stopper.
T 2
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grms. of hyalite were used, which therefore contained 8656 grms. of anhydrous sub-
stance (m) and 0:139 grm. of water (w).

Experiments with Naphtha B. Glass 1. Temperature of the Air 17°8-17%9.

T. T". i t. M. m. w. f 9. 2. sp. H.

o o o o grms.  grms.  grm, 8.
504 19-8 19:50 17-26 26 98 3:696 0 139 1 345 0-419 0 651 0 170 0-190
90-8 19-8 1961 17-283 2698 ,, ” » ”» » 0172 0192
504 198 1963 17-27 2697 . ., 0175 0194
614 198 1963 1721 2698 ,, » 1:33% » 0173 0193

Mean 0-173 0-192

In another series of experiments 4475 grms. of hyalite were used, containing
4-312 grms. anhydrous substance (m) and 0-163 grm. water (w).

Experiments with Water.

Glass 1. Temperature of the Air 17°1-17°2.

T. T t. & M. m. w. f Y. @. sp. H.

o ° o o grms. grm.  grm. B.
435 189 1855 1541 26 97 4 312 0 163 1 88 1-000 O- 651 0 174 0-193
427 191 1883 1579 2699 ’ ” ’ ” » 0182 0-201
427 192 1887 1584 26:9556 ’ ’ ” » 0181 0201
42:9 192 1894 1592 26:955 ,, »  1:866% ) » 0175 0195

Mean 0-178 0-197

The specific heat of amorphous silica must lie between the numbers standing
under « and 3, and coming nearer those under 3. It does not seem to differ materially
from that found for crystallized silica.

49. Molybdic Acid, Mo ©,. Greyish-white powder, which, when heated in a porce-
lain crucible, became permanently bright grey: the results are not trustworthy.

Experiments with Naphtha A. Glass 3. Temperature of the Air 19°5-20°1.

T. T 7. t. M. m. 7 v . sp. H.

° ° o ° grms. grms.  grms.
614 209 2064 1844 26:99 227 265 0431 O 453 0-165
61-3 21-3 21-04 1888 26:97 ” ’ ’ ’ 0-163
61:5 214 2112 1894 26:995 ,, T " s 0-159
612 214 21-06 1893 2696 ,»  2:63b* » 0-149
Mean 0-154

* After drying the stopper.
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Tungstic Acid, W O,. Yellow powder.
Experiments with Naphtha A. Glass 1. Temperature of the Air 19°5-201.

T. T ¢ t. M. m. I 9. . sp. H.

o o o o grms.  grms.  grm. grm.

62:1 213 21:02 1860 26 98 6:89 19656 04431 06561 0-0902

528 215 21-16 1873 2699  , . . 00868

505 214 2114 1884 26965 ’ » » . 0-0919

619 216 2129 1893 26985 »  1:95% ’ » 0-0886
Mean 0-0894

Of the above pulverulent metallic acids only small quantities were used, and their
thermal action was only a small proportion of the whole thermal action observed. The
results can only be considered as approximations to the true specific heat.

50. Chloride of Sodium, Na Cl. Pure chloride of sodium fused.

Experiments with Naphtha A. Glass 1. Temperature of the Air 10%9-11%5.

T. T". t. 3 M. m. f. Yo . sp. H.

o o ° grms.  grms.
458 12:3 1197 9 34 26 91 365 1 57 0-431 0 651 0-215
456 127 1244 988 26:94 s ' . ’ 0-212
457 13:0 1274 1020 2699 s  L1'B6* ' 0:212
Mean 0-213

Almost clear pieces of rock-salt, sharply dried.
Experiments with Naphtha A. Glass 2. Temperature of the Air 10* 9 11>5.

T. T t, t. M. m. N 9. . sp H.

o o o o grms. grms,

44-8 126 1232 963 2695 3955 2025 0-431 0487 0-225

458 130 1278 1004 26:935 . . . 0214

446 133 1301 1043 2695  ,  2015% . 0219
Mean 0-219

Chloride of Potass<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>