
Chemistry. - IV. The Exact Measurement of the Specific Heat of 
Osmium and Rhodium between 0° and 1625° C. By F . M. JAEGER 

and E . ROSENBOHM. 

(Commuolcatcd at the meeting of Jaouary 31. 1931). 

§ 1. In this paper the results are communicated. which have been 
obtained in the exact measurement of the variation of the specific heats of 
osmium and rhodium with the temperature. within the interval of 0° and 
1625° C. The measurements were executed with all care ánd with the 
precautions formerly mentioned 1). The method followed was the one pre
viously described. By controlling experiments and repeated determinations 
of the different points of the curves in arbitrarily chosen sequence. it was 
ascertained that the results really were perfectly reproducible within less 
than one tenth of a percent. - even at the highest temperatures considered. 
We wish to express once more our thanks to the firm of Dr. W. C. 
HERAEUS in Hanau, which most courteously put greater quantities of the 
purest metals at our disposal and which with great care and ability. gave 
us its assistance in the preliminary preparation of the materials used in this 
investigation. Also during these measurements it once more appeared. that 
the most serious source of error present was the occasional contamination 
of the thermocouples. - especially at higher temperatures. For this reason 
the reliability of the thermoelement-readings was more particularly con
sidered and the thermoelements repeatedly tested. while all precautions were 
taken to prevent such contamination as weil as possible. 

§ 2. I. By a special method it was attained to en close 28.0645 gram
mes of purest osmium, in the shape of pea-sized globulets. within the 
evacuated platinum vessels of the form previously described 2). without any 
oxidation of the metal having occurred. In Table I the results of the mea
surements are collected . 

. From these data it can be concluded. that the amount of heat Q' 0 given 
off by 1 gramme of the metal between tO and 0° C .. can very accurately 
be represented by the formula: 

Q' 0 = 0.030986 . t + 0.0000023606 . t2 • 

I) F. M. JAEGER aod E. ROSENBOHM, Recueil des Trav. Chim. d. Pays-Bas. 47. (1928). 
513: these Proceed .. 33. (1930). 457. 



I TABLE I. Specilic Heats of Osmium hetween 0° and 1625° C. 

Increase of Mean specillc Total Amount Total Amount Total Amount Total Amount Q' 0 

Temperature Pioal tempe- temperature Weight of Weight of Heat Cp of of Heat given Q of Heat de- of Heat 00 de- of Heat delivered 

t in Cent. : rature t' of t>. t of Osmium : Platinum: Osmium he- alf by 1 Gr. livered hetween live red between between tand 0°. 
Calorimeter: Calorimeter : tween tand t' : between tand t' andOOby 1 Gr. tand OOby 1 Gr. as calculated from 

t' (calories) : (calories) : (in calories): the farm uia : 

° ° 0 

419 . 4 20.599 0.52369 28 .0645 27.286 0 .03047 12 . 777 0.638 13.415 13.411 

630.1 20.923 0.81590 28 .0645 27 .291 0 .03141 19 . 794 0.649 20.413 20 . 461 

800.8 21. 260 1.0551 28 .0645 27 .294 
! 

25.651 I 26.310 

t 0.03205 0 .656 26 .326 
800.8 21 .061 1.0557 28.0645 27.285 1 25 .686 26.339 

999 .8 21.570 1.3446 28.0645 27 . 285 0 .03265 32.646 0 .668 33.314 33 .319 

1201. 9 21.795 1.6493 28.0645 27 .285 0 .03324 39.949 0 .674 40.623 40.646 

139\.6 21 .959 1.9454 28.0645 27 . 294 0 .03378 47.011 0 .680 47.691 47 .691 

1391. 2 2\.949 1.9460 28 .0645 27.326 0.03378 46.996 0.680 47.676 47 .686 

1539.6 22.681 2.1960 28.0645 27.388 0 .03417 52 .610 0 . 703 53.313 53.302 

I 
1603.7 22.594 2 . 2898 27.6163 27 .448 0 .03484 55.082 0.700 55.71\2 55.766 
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The specific heat under constant pressure cp can. therefore. be calculated 
from the linear equation : 

dQ' 
Cp = dt 0 = 0.030986 + 0.000004721 . t. 

The dependancy of cp on t is. therefore. practically a linear one; the 
specific heat at 00 c.. by extrapolation. can be calculated at : 

cOO = 0.030986. 
p 

A direct determination of cp with the aid of a supplementary calorimeter 
gave a value of: 0.0320 at 00 c.. with an uncertainty of about 1 %. 

In the following table the values of cp and of the atomie heat Cp of 
osmium are given for a series of temperatures between 00 and 16000 C. 

I Speelfic and Atomie Heats under Constant Pressure of Osmium 
at dlfferl'nt Temperatures. 

Temperature 

I 
Speel/ic Heat 

I 
Atomie Heat 

in oe.: Cp: Cp 

00 0.03099 5.915 

100~ 0.03H6 6.006 

2000 0.03193 6.096 

3000 0.03240 6.185 

400° 0.03287 6.276 

5000 0.03335 6.367 

600° 0.03382 6.455 

7000 0.03429 6.546 

800" 0.03476 6.636 

900° 0.03503 6.687 

10000 0.03571 6.817 

11000 0.03618 6.907 

12000 0.03665 6.996 
• 

13000 0.03712 7.086 

14000 0.03759 7.176 

15000 0.03807 7.268 

16000 0.03854 7.358 
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The atomie heat Cp can be expressed fairly weIl by: 

Cp = 5.9152 + 0.0009019 . t. 

As in Iiterature all data about the thermal dilatation and the compres
sibility of osmium are lacking. it is impossible even to give only an 
approximate estimation of c" and Cv . 

The density of the metal at 18° C. was found at 21.6 ; calculated : 
22.7; the meltingpoint is situated at about 2500° C. 

Evidently. the value of 3 Realories for Cp already appears to be 
surpassed at 100° C. 

§ 3. 11. The rhodium originally used had the form of a coarse 
powder. which was endosed within an air-containing crucible. It soon 
appeared. however. that above 600° C. the weight of the crucible slowly 
increased. evidently by an absorption of oxygen from the air by the heated 
metal. For th is reason. the experiments were repeated with the metal 
brought into the shape of globules of the size of a pea. As the Q,-t-curve 
thus obtained showed. however. still a slightly upwards shape at higher 
temperatures. suspicion arose that even under these circumstances an 
oxidation of the metal took place. Indeed. af ter opening the crucible. 
it appeared that the metallic spheres at their surfaces had obtained 3 

bluish hue. evidently caused by the formation of a sub- or other oxide. 
The necessity presented itself. therefore. also in this case to endose the 
fresh metal within a completely evacuated platinum vessel; and this 
arrangement really allowed us to get the very accurate and reproducible 
results. a review of which is given in Table 11. The values th us obtained 
are greater than in the case first mentioned. - as may be seen Erom the 
following numbers : 

Amounts of Heat given olf between 
tO and 0° e. 

Temperature t Dilferences in 0/0: 
In oe. : 

by I Gr. of Rhodium I by I Gr. of Rhodium 
heated in air: heated in vacuo : 

(0'0 in calories) (0'0 in calories) 
0 

320 .8 19.5'10 19.712 0 .87 

632.2 39 .632 41.018 3 .37 

814.4 52 .902 54.584 3.08 

983.5 65 . 703 67.784 3.07 

1201. 5 82.962 85.349 2.79 

1392.4 99.387 101 .374 1. 97 

From this it becomes dear that, although the metal already takes up 



-
TABLE 11. Speci6c Heats under constant pressure of Rhodium between 0° and 1603° C. 

Pinal tempe- Increase of Mean speci6c' Total amount of Heat Total amount of Heat Total amount of Heat 
Temperature rature t' of temperature Weight of Weight of heat Cp of given olf between t' Q delivered between 00 given olf between 
tin °C. : Calorimeter : t::. t of Rhodium: Platinum : Rho between and 0° by 1 Gr. of tand t' by 1 Gr. tand 0° by 1 Gr. of 

Calorimeter: tand t': Rho (calories) : (calories) : Rho Icalories) : 

° ° 0 
419.50 20 . 79 0 .70920 25.1838 25 .500 0.062703 1. 2085 25.0006 26 . 2085 

421.82 20.92 0.71321 25 1838 25 . 500 0 .062723 I. 215 25 . 146 26.361 

520 .90 20 .90 0.90328 25 .1838 25 . 500 0 .063876 1. 226 31. 939 33.165 

521.36 21.05 0.90374 25.4838 25.500 0 .063919 1.234 31.979 33.213 

629 . 77 21. 28 1.1164 25 .4838 25.500 0 .065113 1.236 39 .621 40 .857 

630 21. 34 1.1186 25.4838 25 .500 0.065283 1. 240 39.735 40 .975 

799 .69 21.51 1.4636 25.4838 25 .500 0.067099 1.250 52.214 53.461 

800 . 26 21. 72 1.4643 25.4838 25 .500 0 .067103 1. 262 52 . 242 53.504 

1000.2 22.20 1. 8915 25 .1838 25 .500 0 .069407 1.290 67 .875 69.165 

1200 . 4 22 . 76 2.3398 25.1838 25 .500 0 .071277 1.322 83 .938 85 . 260 

1200.95 22.92 2 .3408 25.4838 25 .500 0.071277 1.331 83 .968 85 .299 

1391. 7 23.30 2 .7664 25.4838 25.500 0.073110 1.350 99.990 101 . 340 

1540.65 23 .68 3.1006 25 .4838 25 .500 0.074521 1.380 113 .045 114.425 

1603.5 23.27 3.2621 25 .4838 25 .500 0 .074735 1.350 118.095 119 . 445 
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axygen at temperatures as law as 321 ° c.. the axidatian anly with an 
appreciable speed sets in at 600° C. or higher. The decrease af the 
percentual differences at the higher tcmperatures is explained by the facto 
that the oxidation begins at the surface of the metallic spheres and th at 
this surface then is gradually coated with a layer of the axides farmed. 
which layer prahibits a further oxidation of the metal. 

The results finally obtained by using the evacuated crucible. were 
repeatedly controlled ; indeed. they appeared ta be repraducible within 
less than 0.1 % of the total value. 

The mean specific heat af rhodium between 73° C. and 1.°7 C. was. by 
means af the supplementary calarimeter previously described. determined 
at 0.0598; the true specific heat cp at 0° C. was calculated at 0.0581. 

Now. if from these data one tries ta represent the heat Qo delivered by 
an empirica I equation of the form: Qo = A . t + B . t2 + C . t3 + D . t4 • 

-- it saon appears. that this is possible only between 0° and about 1300° c.: 
Q'o = 0.05893 . t + 0.053299 . lO-i . t2 + 0.09248 . 10-7 tl- I 

- 0.044104 . 10-10 • ti i (1 ) 

If t = 0° c.. cp gets the value : 0.05893. which is in perfect agreement 
with the number actually observed; while at all ather temperatures cp. 

therefare. can be found from the farm uIa : 

cp = 0.05893 + 0.01066.10-3
• t + 0.027744. 10-6

• t2 
- 1 (IA) 

- 0.017642 . 10-9 • t3 \ 

The values of Qo at 1391.7° . at 1540.6° and at 1603.5° c.. hawever. 
as calculated from this equation. all three appear to be taa law. As easily 
may be seen. the equation far cp has a maximum at 1204° C. 

If. hawever. aLL values for Qu should be represented by ane and the 
same formula. then only an equation with at least five constants suffices : 

Q'o = 0.054008. t + 0.0292304 . 10-3
• t2 

- 0.028991 . 10-6
• tl + t (2) 

+ 0.019564.10-9 • ti - 0.0488144.10-13 • é I 
The carresponding farm uIa far cp is : 

Cp = 0.054008 + 0.0584608 . 10-3 • t - 0.086973 . 10-6 . t2 + I (2A ) 

+ 0.078256. 10-9 • tl - 0.0244072. 10-12 • ti \ 

it alsa has a maximum. but this is naw situated at 1470° C. 
This last farmuIa. however. appears unsuitable far temperatures inferiar 

ta 420° c.; thus. for instance. the number 0.05401 at 0° C. is much taa 
law. in comparisan with the actually faund value. and sa are all values 
belaw ca. 400° C. 

The agreement between Q' 0 and Qo. as it is calculated fram the farmulae 
1) ar 2) respectively. may be seen by camparisan af the fallawing 
numbers: 
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I Temperature t : 

I 
~ (observed): I Q ' 0 (calculated Erom I) : I Q' 0 (calculated Erom 2): 

0 

I i19 .50 26.208 26.209 26 .203 

421 .82 26 .361 26 .361 26.361 

520.90 33 . 165 33 . 158 -

521.36 33.213 - 33.252 

629 .77 iO .857 iO.8i2 iO.959 

630 iO.975 iO .975 iO .975 

799.69 53 . i64 53.i61 53.i61 

800.26 53 50i 53.50i 53.50i 

1000.2 69 . 165 69.114 68 .9i6 

1200.i 85 . 260 85.260 85.260 

1200.95 85.299 85.286 85 .307 

1391. 7 101.3iO 100 .722 101 .5iO 

1540 .65 114 . i25 112.413 lli . i25 

1603 .5 119 .445 117.172 119 .826 

In both cases the remarkable fact remains. however, that the cp-t~curve 
shows a rather steep maximum between 1200° and 1400° c.. and probably 
nearer to the first temperature than to the latter. 

§ 4. The question may arise, whether rhodium also will show· such 
an abnormal dependancy on temperature for others of its physical 
properties ? In literature the singular position of the metal with respect to 
its magnetic susceptibility was first pointed out by HONDA 1). This author 
found. that in contrast with the behaviour of palladium and platinum. the 
specific magnetic susceptibility X of the likewise paramagnetic rhodium. 
increases almost linearly with the temperature between 24° and 1143° C.: 
at 24° C. the value of X is + 1.14.10-6 , at 1143° c. : X = + 1.86. 10-6. 
A discontinuity in th is respect was. however. not found. 

Also for the temperature-coefficient of the electrical resistance we were 
unable to state a sudden break in the curve representing these values as a 
function of temperature. We are indebted to Professor HOLST and 
Dr. P . CLAUSING of the Scientific Laboratory of the PHILIPS' lncandescent 
Lamp-W orks at Eindhoven for furnishing us with an incandescent lamp. 
prepared of a rhodium-wire and carefully exhausted. The wire could be 
heated by means of an electrical current of exactly known intensity ; its 

I) K. HONDA. Science Rep. Tohoku Univ. I. I. (1911), 30. 32. 33, 3i: Aan. der 
Phys .. (i). 32. (1910). 1059 ; con! also: M. OWEN. Ann. d. phys .• (i). 37, (1912) 698. 



92 

temperature was checked by means of a calibrated HOLBORN-KuRLBAUM~ 
pyrometer. Two joints of rhodium~wire were applied sideways. and 
between these two points of the wire the voltage could exactly be measured. 

The resistance of the wire at each temperature at increasing temperatures 
appeared always slightly lower than at decreasing temperatures; but both 
curves were. in general. quite parallel. the small deviations only being 
caused by little differences in the temperatures of the conducting parts of 
the lamp in both series of experiments and by the different temperature~ 
readings. 

For a wire of 0.3 mm diameter and about 17 cm length . the following 
(approximative) values of the electrical resistance were observed : 

A . At increasing temperatures : 

Temperature in 0c. : 

Resistance in Ohms: 

I 0°394 1 0 . 414 1 0 .i75 10 .48310.52210.53310 .566 1 0 . 618 10 .69310 . 78210 .857 I 
B . At decreasing temperatures : 

Temperature in oe.: 

..!.~.~'2: 1 11500 1 11000 1 10700 I 980
0 

1 940° I 890
0 I 820° I 740

0 
1 6600 

Resistance in Ohms : 

I 0 .85410.810 10.77210.73410 .64710.60710.56310 .51310.641 1 0 .410 I 

If these values of the resistance are plotted against the temperature. a 
curve of the form represented in Fig.lis obtained. The form of this curve. 
showing a turning~point W between 10000 and 11000 C .. is in perfect 
qualitative agreement with the results obtained in 1895 by HOLBORN and 
WIEN by means of another method. Although their results cannot directly 
be compared with ours. because the dimensions of their wire are not known. 
- an impression of the form of their curve (at a scale of 1 : 10) may be 
got from the broken line in Fig. 1. They also find a turning~point w 
between 10000 and 11000 c.. the form of the curve below w being convex. 

1) L. HOLBORN and W. WIRN. Ann . der Physik. N. P .• 56. (1895). 385. 
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above W concave towards the temperature-axis. With all other metals. as 
for instance. palladium or platinum, the curve is always concave towards the 
temperature axis 1). - even if the metal is not quite pure. Most probably 
our rhodium is purer than theirs was. - which partially may account for the 
steeper slope of the curve as found by us. 

Although certainly there is an abnormality present here. - which is. 
as we will see. connected with a gradual change in the intern al structure 
of the wire. - the dependance of its proper ties on temperature. also in 
this respect. remains quite continuous. without. therefore. there being any 
sudden break in the curve. 

[{,(Iri(al 
~.sislan(f .!l 

0.90.0. 
.880. 
.8(j0. 
8~0. 

820. 
0.80.0. 
.780. 
.7(j0. 
. 7~0. 

.720 
0.70.0. 

(j80 

.660. 

. 6~0 

.620. 
0.60.0. 
.580. 
. .5(j0 

.5'-0. 

.520. 
0..50.0. 

.480 

.'-60. 

.4/00. 

.420. 
v.40(J 

.380. 

.360. 

.3/00. 

.J20. 

PJ 

U.300 ____ -L---' I , , I , , I , , I , Tnnplratm 
~OG' 70.0.' 800 ' 90.0.' 10.0.0.' 1100' 170.0'/250.' tI,"c.. 

Fig. I. Electrical Resistance of Rhodium-Wire as a Function of the Temperature. 

In this connection it is wor th to emphazise that we also made the same 
experiments with a wire of pure palladium. It appeared. however. that in 
this case the curve representing the electrical resistance as a function of 
the temperature. has the ncrrmal shape. it being over its whole length 
concave towards the tempel'ature-axis. The abnormal behaviour of the 
cp-t-curve of th is metal in the neighbourhood of the melting-point has. 
therefore. another significance than that of rhodium. 

1) loco cit .• 384. 
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§ 5. In the hope per ha ps to find another indieation of some allotropie 
transformation occurring in the metal. we now proceeded to determine the 
thermoelectric force of purest rhodium with respect to pure platinum at all 
temperatures between 0° and 1604° C. 

The wire. made of purest rhodium. also had a diameter of 0.3 mmo 
It was soldered in the electric arc to a similar wire of purest platinum and 
the electromotive force of the thermo-couple thus formed was determined 
in the usual way. the hot junction being placed into a small platinum vessel. 
the cold one constantly being kept at 0° C. in the ice-box . No oreak in the 
curve representing the e1ectromotive force E in funetion of t eould. 
however. be detected. The values of E obtained on heating were practieally 
identical with those obtained by cooling. At 0° C. a small correct ion must 
be applied of + 11 .M .V . as a result of the e1ectromotive force caused by 
the attachment of the rhodium-wire to the metallic connection in the 
ice-box. IE this correction is taken into account . the e1ectromotive force E 
of the thermocouple in function of the temperature t ean. between 400° 
and 1600° c.. very accurately be represented by the empirical equation : 

E= 6.06104. t + 0.0112014 . t2 - 0.06663 . 10-1 . t3 + 
+ 0.04664 . 10-7 • ti - 0.013036. 10-10 • tS• 

Reversely. the temperature t. as measured by this thermo-eouple. ean. 
between the limits indicated. be calculated from its thermoelectric force E. 
by means of the equation : 

t = 0.0135635. E - 0.0110538.10. 3 • E2 + 0.07949 . 10-8 • E3-

- 0.029425 . 10-12 • Ei + 0.04129 . 10-17 • ES. 

In both equations E is cxpressed in mierovolts . t in degrees centrigrade ; 
the coefficients were calculated from the following data : 

t : E (correeted) : 

350° C. 3271 MV. 

600° 6733 

900° 11961 

1200° 18317 
1600° 27978 

The results are practically identical with those obtained by DAV and 
SOSMAN 1) . 

As an example of the agreement between the observed and ealculated 
values. the following numbers can be considered : 

1) See : A. L. DAY and R. B. SOSMAN. CARNEGIE·Publication. 157. Washington. 
(1911). p. 121. 122. 
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t in oe .: 

I 
E 

I 
E 

11 

E 

I 
t (in oe.) : 

I (observed): (calculated) : (inM.V .I : (calculated) 

0° 0 0 0 0 ' 

100 - 712 lOOD 125.35 

200 - 1614 2000 232.96 

300 - 2681 3000 326.60 

400 3867 3896 4000 409 .44 

500 5221 5249 5000 484 . 1 

600 6733 6733 6000 554.7 

700 8311 8317 10000 792.9 

800 10097 10090 15000 1034 .3 

900 11961 11961 16000 1101. 2 

1000 13951 1396:) 18000 1187.5 

1100 16101 16J82 19000 1226 .8 

1200 18317 18317 20000 1264.1 

1300 20617 20652 25000 1112.1 

1400 22991 23063 (29000) (1681) 

1500 25113 25506 (30000) (1790) 

1600 27978 27978 - -

The small deviation above 1250° C. of the two curves in Fig. 2 is of 
no signifieance. as it only is caused by the fact o that the one equation is 
not exactly the inverse one of the other. Perhaps only an equation with 
more than five constants wouJd bring about a closer agreement. 

§ 6. All these experiments. especially those concerning the specific 
heats and the specific electrical resistance. prove that. - although rhodium 
shows some unexplained particularities. - the physical properties evidently 
vary with temperature in a quite continuous way : in no case a sudden 
break in the curves ever was observed. This fact o however. does not 
exclude the possible existcnce of allotropie modifications ; it were. for 
instanee. very weil possible th at a kind of dynamical equilibrium between 
su eh forms at each temperature would exist. In that case the relative 
masses of both modifications would continuously vary with the 
temperature; and the observed physical behaviour would always be a 
mean value. depending on the ratio of both forms in the,mixture studied. 

We. therefore. have tried to prove the existence of such allotropie 
modifications in the metal by a careful and very elaborated X-ray-analysis 
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of its structure , As weJl rhodium obtained by electrolytical deposition from 
solutions or by reduction with hydrazine~sulphate , as rhodium in the form 

Th"rmol'lectric Force 
in Micro vol Is, 
30000 
29000 
28000 
27000 
2(j000 
2.5000 
24000 
2.3000 
22000 
2/000 
20000 
/9000 
/8000 
/7000 -
/6000 
/5000 
/~OOO 

/.3000 
/ 2000 
//000 
10000 
9000 
8000 
7000 
(j000 .5.55' 
5000 484" 
4000 40f) " 
.3000 376 " 
2000 233 " 

/ /0/ " 
1034' 

1442 "/ , 

I , 

____ E in fundion of t 
---- ----- --1 in flJnclion ofÏJcaklJ.l) 

/ 000 12. " r,motrolure 

o O' 200' 400 ' 6;;; 8----;;:~O;O~aOO · 1400 · 16~0 " 1800 " l~ "("nI 

Fig, 2. Thermoelectric Force of Rhodium against Platlnum 
bet ween 0 0 and 16000 C. 

of wire were studied at different temperatures ranging from 20° to 

1500° C. As may be seen from a former paper 1) , we were able in this way 
to prove, that, while rhodium at higher temperatures crystallises in a 

face~centred cubic lattice with ao = 3,79 P.., the electrolyticaJly deposited 

product is a mixture of two modifications in variabIe proportions. The 
one is the same p~modification mentioned above; the other is a different 
a~modification, which exists besides the other at all temperatures at least 
below 1000° c., - its quantity graduaJly diminishing with an increase 
of temperature. Above 1400° C. no trace of the a~form could any more 
be observed. Although by the lack of suitable crystals, it was hitherto 
impossible to get full information of its real crystal~structure, - it seems 

certain that the a~modification is also a cubic one, with a simple cubic 

lattice and a parameter au = 9,211 P. .. its elementary cell having a much 

1) F. M. JAEGER and J. E. ZANSTRA, These Proceedlngs, 34, p. 15. 
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greater volume 1) and containing 48 atoms of rhodium. lts density. there
fore. is smaller than that of the {J-modification; no appreciable heat-effect 
seems to accompany its transformation into the other form. 

As to the specifie heat. - the question may arise. whether the maximum 
in its temperature-curve can be accounted for. without there evidentI? 
being any appreciabIe additional heat-effect superimposed upon the heat 
emitted by the metal on cooling? The answer is. that. according to 
experience. it is absolutely necessary to acknowledge such a possibility : 
it is erroneous to suppose. that a maximum in the cp -t-curve necessarily 
should have much to do with such an "additional" amount of heat. the 
latter being given off as "heat of transformation" of allotropie modificat
ions changing into each other in a reversible way. As a corroboration of 
this assertion. we will remind here of the cases of a- and {J-iron and of 
(J- and (J-nickel : in both cases there is a sudden and very appreciabIe 
change of the specifie heat at the transition-temperatures:!); in the case 
of nickel. for instance. the curves for cp and Cv in function of the 
temperature even show a maximum between 100° and 400 fJ C.. not 
c:oinciding with the transition-temperature itself 3). But the heat ot 
transformation for a ~ (J-nickel is not greater than 0.013 calorie 
per gramme 4). that of (1- and fi-iron not greater than 6.56 calorie 
per gramme 5) - both values. which are quite inconsiderable as a 
contribution to the heat-emission of the metals in the calorimeter. Perhaps 
the specific heat is one of those physical properties. whieh are most 
sensitive for even very slight changes in the internal arrangement of the 
composing atoms. - be it into another lat ti ce or merely into a more or 
less pronounced aggregation of slructural individuals. In the two cases 
mentioned above. there is not even an appreciable change of specific 
volume accompanying the said transformations ; the considerable changes 
of the specific heats here. evidently are wholly depending up on the even 
apparently insignificant variations in the internal structure of the solid 
phases considered. It is this factor. whieh no theory of specific heats 
at higher temperatures hitherto could account for; and th is is the 

cause. why each theory has failed to explain the fa cts observeo. at least in 
a satisfactory way. 

§ 7. The approximate values of the specific heats of rhodium at 

1) P. WEISS. A. PICCARD and A . CARRARD. Arch. des Sc. nat. et phys. Genève. 
i2. (1916). 378; 43. 22. 113. 199; (il. 122. (1917), 378. 

2) P. SCHOBEL, Zeits. f. anorg. Chemie 87, (19H), 91. 
3) M. WERNER, ibidem, 83, (1913), 313, 321. 
4) Several lines of the spectrogram of the ~-modific~tion coincide al most completely 

with certain diffraction-Iines of the ,,-modification. This fact explains the broadening out 
of the Iines of the latter form, as is regularly observed in its spectrograms. 

5) A. MEUTHEN, Dissert. Aachen, (1915); F. DURRER, Dissert. Aachen, (1915); H. 
BREDEMEIER, Zeits. f. anorg. Chem. 151. (1926), 112. 

7 
Proceedings Royal Acad. Amsterdam, Vol. XXXIV, 1931. 
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constant volume Cu can, as far as 1300° c., be calculated from the genera) 
thermodynamical expression for (cp-cu). 

The thermal dilatation was determined by FIZEAU 1) and VALENTINER 

and WALLOT 2); the first for the linear coefficient a found the value: 
0,00000858; the German investigators determined a at 50° C. at: 
0.00000876. Although these data are insuffieient, the cubie expansion~ 
coefficient 3a can, - in analogy with the behaviour of palladium, -
roughly be estimated at about: 0,00002638 + 0,000000012. t. The 
compressibility, at the other hand, was measured by BRIDGMAN 3): at 
30° C. ; he found for Y. (in K.G. pro cm2 ): Y.. 106 = 0,372 - 2,67.10-6 . P 
and at 75° c.: ". 106 = 0,381 - 2,67 . p. 

The approximate values of Cu and the atomie heat Cu th us calculated, 
are given in the following tabie: 

t in oe.: Cp: I Cu (approx.): I I Cu (approx.): I 
0° 0 .05893 0.05793 6.064 5.961 

100 0.06026 0.06013 6.201 6.063 

200 0.06203 0.06186 6.383 6.200 

300 0.06415 0.06393 6.601 6.362 

400 0.06650 0.06623 6.843 6.54b 

500 0.06899 0.06866 7.099 6.742 

600 0.07150 0.071H 7.357 6.938 

700 0.07393 0.07348 7.607 7.125 

800 0.07618 0.07566 7.839 7.293 

900 0.07814 0.07755 8.041 7.429 

1000 0.07969 0.07903 8.200 7.521 

1100 0.08074 0.08001 8.308 7.559 

1200 0.08119 0.08038 8.354 7.530 

1300 0.08092 0.08008 8.327 7.422 

If calculated from the second formula, the values of cp and Cp at 'Woo C. 
will appear about 2 %, at 1300° C. about 5 % greater than those given in 
this tabie, the maximum being shifted to 1470° C. in stead of 1204° C. 

In every case, - even for Cu, - the value of 3R appears already to 
be surpassed at a temperature of about 100° C. 

1) H. PIZBAU, Compt. rend. Paris, 68, (1869), 1175. 
2) S. VALBNTINBR and J. WALLOT, Ann. d. Phys .• 6, (1915), 837. 
3) P. W. BRIDGMAN, Proceed. Nat. Acad. America, 59. (1923), IlO, 111. 
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Finally the curves for Cp and for Cv are graphically represented in Fig. 3. 
as weIl for rhodium, as for osmium; '"for the purpose of comparison. those 
for platinum and palladium are added on the same scale. 
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Fig, 3. Atomie Heats Cp and Cv of Rhodium and Cp of Osmium, 

Groningen. Laboratory for Inorganic and Physical 
Chemistry of the University. 
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