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(Communieated at the meeting of May 29, 1937.) 

§ 1. In the course of the determination of the heat-capacity curves of 
didymium, the rather sharp melting-point of the latter was found to be 
678 0 C. From the RÖNTGEN-spectrogram the apparent "molecular weight" 
of didymium could, by direct comparison with the dimensions of the 
elementary cell of pure praseo- and neodymium 1), not be estimated with 
sufficient accuracy so as to establish in th is way the exact composition of 
the mixture of the two metals, because of the too small differences between 
the parameters of the latter. The mean composition of didymium, as given 
in the literature, is nearly always: 1 at. of praseodymium and 2 at. of 
neodymium 2). As the melting-points of praseodymium: 9400 C. and of 
neodymium: 8400 C. are known, the melting-point curve of the binary 
system evidently has a minimum at or about at 678 0 c., - this minimum 
being situated more closely to the side of the lower melting neodymium, 
as beforehand could have been expected. The other possibility: that of the 
occurrence of an "eutectic" tempera tu re, is most improbable, as the two 
very similar metals certainly form an uninterrupted series of mixed crystals. 
Jn connection with the fact that the two components themselves have 
several transition-points, we will afterwards still return to the question as 
to the exact form of the diagram of this binary system. 

§ 2. The Heat-capacity curves of Didymium. By means of SALADIN
LE CHATELIER's method, the heat-capacity of didymium at different 
temperatures was compared with that of copper. The curve obtained is 

1) The ~ -modifieations of both praseodymium and neodymium are hexagona1 with: 
ao = 3,657 ± 0,010 A.U., Co = 5,924 ± 0,020 A.U. and 80 = 3,657 ± 0,007 A.U., 
Co = 5,880 ± 0,020 A.U. respectively; the elementary cell contains 2 atoms. The densities 
of the two metals at 18 0 C. are 6,770 and 6,984 respectively. Cf.: M . C. NEUBUROER, 
Die Allotropie der Chemischen Elemente, Stuttgart, (1936), 45, 46, where all references 
about the literature are given. For the didymium investigated, Dr. BEINTEMA even found 
slightly greater parameters for the elementary cell: a J = 3,683 A.U. :!: 0,007 and Co = 
= 5,929 A.U. ± 0,012. No certain conclusions could, therefore, be drawn ·from these data. 
According to F . TROMBE (Compt. rend. Paris, 198, (1934) , 1592) neodymium alsv 
manifests a magnetie transition-point at _164 0 c.; for th is reason the hexagona1 form is 
here discerned as the Il-modifieation, in agreement with tihe case of cerium and lanthanum , 

and the cubie modification is indicated as the y-form. Most probably praseodymium shows 
the same sequence of allotropie modifications, as certainly the Il- and r -forms are already 
actually observed. 

2) W. MUTHMANN and L. STÜTZEL, Ber. d. d. Chem. Ges., 32, (1899), 2676. 
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represented in Fig. 1. From this figure it is seen that between 5600 and 
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Fig. 1. Differential heat-capacity curve of Didymium compared with Copper. 

580° C. evidently a new state of the metal (b) makes its appearance, 
perhaps corresponding to the analogous transformation r:; b, which also 
is observed in the case of pure neodymium between 694° and 713 0 C. The 
shift of the transition-interval towards lower temperatures here observed 
is in agreement with the fact that, in the case of the formation of solid 
solutions, the transition-points of one or both components of a binary 
system are always changed, - either in positive or negative direction, -
by the admixture of the other component and to an extent depending on 
the momentary concentration of the binary mixture. As we shall see, the 
field of existence of the mixed crystals in the b-state is situated 
above 567° C. 

§ 3. These facts are still more clearly illustrated by the study of the 
change of the electrical resistance of didymium with the temperature. For 
this purpose an U-shaped piece of the metal was prepared from a disc 
cut from a massive lump of the metal at our disposal (99 %Di; traces of 
iron, magnesium, aluminium and silicon). The terminals of this flat piece 
of metal had a length of about 50 mm.; the almost quadratic cross-section 
measured 2 X 2 mmo The two terminals were perforated and two thick 
copper wires of 3 mmo diameter fixed to them by clinching. The apparatus 
used was the same as previously described in the case of titanium. As the 
resistance of the metal at 20° C. proved to be only 0,00710 Ohm, the 
change of the resistance of the copper wires with the temperature could 
not be neglected in these measurements and had, therefore, afterwards to 
be determined by separate measurements between 20° and 1000° C. The 
latter resistances were found to be: 0,01930 Ohm at 100° c.; 0,02106 Ohm 
at 500° and 0,02344 Ohm at 1000° C. The change of the electrical 
resistance of copper with the temperature proved, therefore, to be perfectly 
linear. The current in the WHEATSTONE-bridge and the sensitivity of the 
vertically recording galvanometer were arranged in such a way, that a 
difference in the resistance of 0,010 Ohm proved to correspond to a 
deviation of 100 mmo on the photographic plate; thus a variation of 
0,0001 Ohm could be measured with perfect certainty and 0,00001 Ohm 
could be estimated with a fair degree of accuracy, - as was corroborated 



483 

by a series of measurements with copper between 20° and 1000° c., under 
repeatedly reversing of the bridge~current. Carefully calibrated resistances 
of comparison of 0,0200 and of 0,0400 Ohm, made of copper wires of 
suitable diameters, were used in these experiments as standards. The 
results obtained in this way are collected in the following table and are 
graphically represented in Fig. 2. 

TABLE I. 

Change of the Electrical Resistance of Didymium with the Temperature 

Temperature 
in 0 Cent. : 

0 

20 

100 

150 

200 

250 

300 
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~ 
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<> 0-.... .... 
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'" " " 0-.... ... 
c:c 

between 200 and 6000 C . 

I 
Resistance 

11 

Temperature 

I In Ohms: in 0 Cent.: 

I I 0 

0.00710 500 

0.00763 508 

0.00795 520 

0.00825 550 

0.00863 577 

0.0089i 600 

0.00932 

0.00951 

0.00981 
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Fig. 2. The Dependency of the Electrical Resistance of Didymium on fhe 
Temperature between 20· and 600· C. 
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From these data and Fig. 2 it may be concluded that there is a trans~ 
mation y!; ö apparently beg inning at about 508° C. and being completed 
at about 540° c.. where a rather deep minimum in the curve occurs. The 
inclination of the curve above 550° C. seems to be about the same as 
between 40(l° and 508 ° C. As we soon shall see from the results of the 
calorimetrical measurements. the transition truly seems to occur in the 
interval of 550°-567° C. 

§ 4. The Calorimetrical Measurements. The determination of the 
specific heats of didymium presented many diHiculties. because of the 
persistent retardation~phenomena manifesting themselves. We only could 
finally get rid of them af ter a very great number of heatings at higher 
temperatures and subsequent coolings and then preserving the sample at 
ordinary temperatures during several weeks. The metal was enclosed 
within a platinum vacuum crucible of the usual shape. The data obtained 
are collected in table II and the graphical representation is given in Fig. 3. 

In connection with these data (see Fig. 3) the following remarks can 
be made: the weight of the massive block of didymium was 16.6132 grammes, 
that of the platinum used 28,5355 grammes; the accuracy of the measurem~ 
ents was about 0,2 %. As long as the sample is not completely "stabilized" , 
- which only occurs af ter very numerous heatings and af ter the metal 

has subsequently been preserved during several weeks, - the data of Cp 
show irreproducible and strongly scattered values , whilst also the time r in 
which the total amount of heat of the sample is given oH to the calorimeter~ 
block proves to be varia bIe within wide limits. There can be no doubt about 
the fact that all the experiments, Nos. 1-56, relate to non~stabilized 

inner conditions of the metal: the dotted curves, - all situated above that 
corresponding to the finally reached stabilized state, - in general show 
the trend more and more to approach on subsequent heatings and coolings 
to the lowest, fully~drawn curve F B CD E, exactly as previously was 
observed with zirconium on heating and cooling its single crystals 1). The 
complex of scattered points. moreover, clearly allows a subdivision into 
th ree separate fields , thus beforehand indicating the presence of discon~ 
tinuities in the vicinity of L, Q and X and of Y at about 435°-440° C. 
to 4700 C. and at 565° C. respectively. Indeed, in the finally reached 
stabIe condition of the metaI. the said transitions (B C) and D were 
determined more exactly to occur at 442°--467° (interval) and 567° C. 
respectively. The scattering of the data concerning the non~stabilized states 
is most conspicuous in the temperature~intervals L Q X R S (430° to 
515° c.) and Y WE (565° to 590° C.) , i.e. immediately éifter having 
passed the two transition~temperatures mentioned; moreover, the occurrence 

of a maximum R in one of the curves relating to those metastable conditions 

1) F. M. JAEGER and W . A. VEENSTRA, Rec. d. Trav. d. Chim. d. Pays-Bas, 53, 
(1934) , 922. 
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TABLE Il. 
The mean Specific Heats Cp of Didymium between 20° and 600° C. 

Sequence- Finaltem- Jncrease Quantityof Quantityof Time T in Mean Tempe- Heat Q de- HeatQ20given Minutes. ne- Specific number perature of the livered be· olfbetween t O cessary for rature t Heats Cp of the t' of the tempera- tween tO and aod200C. by reachiog the between t O 

Experi- in Calori- ture 6. t t ' by 1 Gr. of 1 Gr. of the maximum and t ' in 
ments : °Cent. : meter : in I' V: the substance substance in Calorimeter Calories : in Calories : Calories: temp. : 

1 323.63 20.96 718 .0 17.67 (Here only 6 0.05839 
2 352.17 20.89 792.3 19.59 the values of 6 0.05913 
3 382.57 20 .89 870.1 21. 56 Q20 are 6 0.05961 
4 422.4 20 .90 970.1 

mentioned. 
6 0 .05986 24.04 which are 

5 454 .06 21.04 1061. 5 26.60 used in the 20 0.06143 
6 481.15 21.14 1149 .2 29.23 calculation 10 0.06354 
7 441.80 20.80 1020.2 25.32 of ëp ). 20 0.06014 
8 433.07 20 .93 1004 .5 25 .08 - 15 0.06085 
9 441.30 21.00 1017 . 1 25.21 - 20 0.05998 

10 434.25 21 .28 1008 .9 25 .24 - 20 o 06113 
11 438.66 21.52 1019 .4 25 .50 - 19 0.06113 
12 437.30 21.20 1013.1 25 26 - 19 0 .06070 
13 468 .20 20.96 1117.2 28.45 - I 10 0 .06361 
14 468.10 21.28 1123 .0 28 .75 - 10 0.06434 
15 467 .9 21.20 1112.4 28 .24 - 9 0.06323 
16 454 .90 20 .80 1068 .9 26 .90 - 20 0.06197 
17 454 .50 21.10 1067 .6 26 .87 - 19 0 .06200 
18 405 .30 21 .00 935 .2 23.37 - 20 0.06082 
19 367.20 21.20 835.0 20.79 - 17 0.06009 
20 520 .70 21.10 1273 .4 32 .88 - 2112 0.06581 
21 455 . 10 21 .40 1073 . 1 27 . 12 - 21h 0.06252 
22 351 .40 20 .95 798 .8 19.95 - 4 0.06037 
23 382.90 21.20 884.6 22.26 - 41h 0.06154 
24 382.90 20.90 876.0 21.83 - 5 0.06029 
25 I 426.10 21.20 983.2 24.47 - 5 I 0.06043 
26 425.70 20.95 981.9 24 .41 - 5 0.06032 
27 542 . 10 21.10 1335.3 34 .59 - 1 0.06639 
28 491. 50 21 .40 1193 .8 30.78 - Ph 0.06548 
29 475.36 21.11 1131 3 28.71 - Ph 0.06319 
30 486 .8 21.40 1173 .2 30.07 - Ph 0.06462 
31 488.80 21 .10 1174.5 30.00 - Ph 0.06414 
32 486 .80 20 .90 1169 .2 29 .85 - 1 0.06407 
33 492 .20 20 .80 1188.0 30.43 - Ph 0.06456 
34 495.20 20.70 1193.1 30.49 - I 0.06425 
35 500.05 21.21 1207.4 30 .92 - Ph 0.06458 

I 
36 570.54 21.04 1421.1 37 .00 - Ph 0.06733 

I 37 505 . 10 20.90 1220.6 31.24 - I o 06452 
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TABLE 11. (Continued). 

The meao Specific Heats ëp of Didymium between 20° and 600° C. 

Sequence- Pinaltem- Increase Quantityof Quaotityof Time T in Mean Tempe- Heat Q de- HeatQ20giveo Minutes. ne- Specific number rature t perature of the livered be- offbetween tO cessary for Heats ëp 
of the t' of the tempera- tween tO and and 20° C.by reaching the between 1° 

Experi- in Calori- ture 6, t t' by I Gr. of 1 Gr. of the maximum and t' in 
ments : °Cent. : meter : in /' V : 

the substaoce substance in Calorimeter Calories: 
in Calories : Calories : temp. : 

38 591.00 21.30 1496 .5 39.42 - 1 0.OQ919 

39 492.5 21.00, 1179 .7 30.02 - 1 0.06368 

40 492.34 20 74 1180 .7 30 .07 - 1 0 .06376 

41 585 .30 20.95 1477.8 38 .84 - 1 0.06883 

42 557.07 21.01 1379 .2 35 .80 - 1 0.06678 

iJ 580.08 21.05 1158 .6 38.25 - 1 0.06842 

H 575 .27 21.05 1-441.9 37.73 - 1 0.06808 

iS 570.25 21 .05 1422.5 37 .09 - 1 0.06753 

46 572.4 21.20 1431 .0 37 .37 - 1 0.06780 

47 567.7 21.10 1412.9 36 .78 - 1 0 .06729 

48 564 .93 21.05 1403.2 36 .48 - 1 0.06707 

49 510.63 20.96 1233 .6 31 .54 - 1 0.06440 

50 515.28 20 .94 1245 .0 31.81 - 1 0 .06434 

51 512.61 21.14 1236 .5 31.57 - 1 0 .06423 

52 525.1 21.00 1272 .9 32 .57 - 1 0.06461 

53 540 . 17 20 .99 1315.9 33.75 - 1 0.06500 

54 559 .95 20.99 1394 .2 36.35 - Ph 0.06743 

55 582.54 20.96 1457.0 38.01 - 1 0.06769 

56 592 .3 21.00 1499.5 39 .47 - 1 0.06909 

57 582 .47 21.06 1459 5 38.14 - 1 0.06793 

58 351.76 20.79 793.7 19.68 19 . 72 1112 0.05945 

59 408.7 20 .7 934 .3 23 . 11 23.16 1112 0.05957 

60 433 .0 20 .80 995.0 24 .61 24.66 Ph 0.05970 

61 457 .7 20.80 1063.2 26.46 - Ph 0.06055 

I 62 480 .0 20.80 1017.2 28.66 28.71 1 0.06242 

63 385 . 16 20.69 876 .8 21.72 21 77 Ph 0 .05960 

64 H8.00 20 . 74 1034.0 25.62 - Ph 0.05995 

65 492.5 20 .80 1171.9 29.64 29 .69 Ph 0.06283 

66 510 .36 21.06 1223.7 31.07 31.14 Ph 0.06350 

67 540.0 21.00 1310.8 33 .51 33.57 Ph 0.06457 

68 560 .0 21.0 1371. 8 35.26 35.32 P/2 0.06541 

69 572.57 20.97 1416 .9 36.67 - 1112 0.06649 

70 467.75 20 .80 1101.5 27.71 - Ph 0.06198 

71 452 .9 20.80 1049.6 26.08 - Ph 0.06036 

72 462.2 20.80 1079.2 26 .95 - 2 0.06107 

73 321.4 20.60 718.0 17.78 -
I 

2 0.05909 

. -
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and its subsequent disappearance on further heating. is completely 
analogous to what was previously observed by us in the case of zirconium. 
As to the separate measurements. attention must be drawn to the following 
facts. Prom figure 3 it appears that the points 1-4 initially obtained are 
situated up on a regular curve P F Q; the time T in these experiments never 

t'lean Jpeqfi'c Heat ip 
llZ 

Calories 

0.1771717 

0.176917 

0.176817 

0. 176717 

0,17660 

0,176517 

0,176417 

0,176J17 

0,176217 

0,176'17 

t'lea n Spealfe Heats zp Ol Ihdymium 

Fig . 3. The Mean Specitic Heats ot Didymium between 300· and 600· C. 

excecded 6 minutes. At about 4400 (Q) evidently a thorough change of 
the inner state of the metaJ sets in. as is illustrated not only by the sudden 
change in the inclination of the curve 5-7 with respect to P F. but also 
by T now having been changed from 6 to no Ie ss than 15-20 minutes. 
This time T subsequently shows the trend to augment to 20 minutes 
maximally. Endeavouring to fix the transition~point Q more accurately. 
we thus found that point 7 was equally situated on the curve; therefore. 
now the measurements were continued at temperatures be10w 4400 C. The 
points 8. 10. 11 and 12. however. all proved to be sitl,1ated about 2 % higher 
than was expected. whilst T still remained 20 minutes. instead of falling 
back to the initia I value of 6 minutes. Af ter these heatings. therefore. 
neither the points 8-12. nor 5-7 could any longer be reproduced. - as 
may be seen from the data 13-17: in the measurements 13-15. T decreased 
to 10 minutes. but in the experiments 16--19 it again was found to be 
always 20 minutes. However. as soon as the sample once was heated at 
5200 C. (N0. 20). T suddenly proved to drop to 2.5 minutes. and this small 
value of the time T remained. - with a tendency slightly to increase. -
also in the experiments Nos 21-26. the results of which evidently are 
scattered in a quite irregular way. We now tried to "stabilize" the inner 
condition of het metal by heating it at 545 0 C. (N0. 27). Although. as we 
shall see. also this time no complete stabilization occurred at this 
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temperature, yet a most curious phenomenon here manifested itself in so 
far as the time i suddenly appeared to drop to the extremely low value 
of 1 minute. This value is lower than ever was met with before, even in 
the case of a lump of silver, in whieh i never was less than 2 minutes 
under the same circumstances, although the thermal conductivity of Ag is 
appreciably greater than that of (Pt + Di). This fact on ce more c1early 
demonstrates that the speed of heat~delivery to the calorimeter~block 

depends predominantly upon some still undefined peculiarity of the inner 
state of the heated metal, much more than upon its thermal conductivity. 
It corroborates our long~fostered idea that the variations of i are, indeed, 
a most trustworthy indication of inner changes occurring in the metals 
studied, as we have already repeatedly emphasized. Most remarkable is 
the fact that this very small value of i now remained preserved in all 
subsequent experiments, - even in those made at the lower temperatures. 
However, the scattering of the values of Cp still present, proves that no 
complete inner stabilization really yet had taken place: the data sub~ 

sequently obtained: Nos 28-35 are, indeed, still distributed in a quite 
irregular way. Therefore, the sample was once more heated at still higher 
temperatures (Nos 36-38); af ter the latter heating (N0. 38) the points 
38-48 subsequently obtained now proved to be situated on a perfectly 
smooth curve, but afterwards it was stated that the points 49-54 were 
not situated on the curve: 20-27-42-48. Af ter heating at 515°C. 
(N0. 50). the substance was accidentally left at 18° C. during four weeks: 
now again same inner transformation proved to have occurred in the metaI, 
for, - although point 51 was located quite near to 49 and 50, - the curve 
Y E could not be reproduced, the points 52 and 53 now being situated on a 
curve W, whieh lies appreciably lower. However, af ter having heated the 
sample at 590° C. (N0. 56). the metal suddenly proved to have reached 
a perfectly stable condition: now all points subsequently determined we re 
really found to be quite reproducible and to fit in the fully~drawn curve 
F Be E in Fig. 3, with its typical transition~interval between 440° and 
467° C. and its rather sharp transition~point at 567,5° C. These values 
remained always the same, even after heating at a constant temperature 
for a very long time. The phenomena described are, most probably, 
connected with the establishment of equilibria between the different kinds 
of mixed crystals at their transition~temperatures, whieh, of course, are 
always accompanied by changes in their stoechiometrical compositions. 

§ 5. The parts of the curve between 340° and 440° c., between 467° 
and 560° and between 575° and 595° C. may be considered as practieally 
Iinear; within the first interval mentioned cp almast imperceptibly changes 
with the temperature. In the said temperature~intervals the true specifie 
and "atomie" heats (apparent atomic weight =-= 141.9) can, therefore, be 
calculated with a fair degree of accuracy: between 340° and 440° C. cp 

and Cp evidently are almast constant. 
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The results obtained are as follows: 

l. Between 3400 and HO° C. cp can readily be expressed by the 
formula : 

Cp = 0,05941 + 0,16 . 10-5 . (t-340) , and Cp , therefore, by: 
C p =8,430 + 0,227.10-3 • (t-340), 

so that in this interval Cp only changes from 8,430 to 8,453 calories. 

2. Between 467 0 and 5600 c., cp may be calculated from : 
cp =0,06200 + 0,366 . 10-4 . (t-467) 
and Cp. therefore. from : 

Cp =8,798 + 0.5193 . 10-2 . (t-467) , which yields 
for Cp the value: 8,798 at 4670 C. and 9,281 at 5600 C. 

3. Between 5750 and 6000 c., cp can, with a good approximation, 
readily be represented by: 

cp=0,0665 + 0,14 . 10-3 (t-575), and Cp. therefore. by: 
Cp -= 9,460 + 0.01986. (t- 575) . 

Thus for 5750 Cp has the value: 9,460 and for 6000 c.: 9,956. 
It must, however. be emphasized that during our experiments suspicion 

arose that the Cp ~t~curve above 6000 C. probably once more wil! change 
its direction, so that the interval of 575 0 -5950 C. here considered perhaps 
may have the character of a "transition"~interval. In that case the high 
"apparent" values of Cp could readily be explained and no real physical 
significanee could be attributed to them, because they would relate only 
to quite indetermined inner conditions of the metal within this interval. 

EVidently didymium, - and the same is true for its components : 
praseodymium and neodymium, - shows values of its atomie heats which, 
even at moderate temperatures, appreciably surpass the theoretica 1 limit or 
3R calories. In this respect they behavejust like cerium and lanthanum. 

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


