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The Cohe~ive Energies of the Elements 

Leo Brewer* 

Rev. (5-' 77) 
LBL-3720 

Hultgren et al.(l) have critically reviewed the thermodynamic data 

available for the elements and have tabulated values of ~Hz98 and ~Ho for 

the atomization of the solid elemental phases. For polymorphic elements, 

values of ~H298 were given only for one of the ph_ases, either the one 

stable at 298.15 K or at 0 K. 

This previous compilation has been extended in several respects. 

Where thermodynamic data were available to relate polymorphic phases of 

an.element, low-temperature heat.capacities of the high temperature forms 

were estimated to evaluate Mz98 and Lillo for the atomization of each of 

the polymorphic phases. The uncertainty introduced through use of 

estimated heat capacities is reflected in the uncertainties assigned to 

the values in Table I. For some high temperature polymorphs for which 

entropies of transition were not known but for which equilibrium transition 

temperatures have been determined, estimate§l of the entropy,of transition 

and of heat capacities were used to obtain values of ~O for the 

atomization. These values are indicated in parentheses. Although the 

compilation by Hultgren et al. was published in 1973, the evaluations 

extended over a period of years fiom 1964 to 1972. Where additional data 

appeared after the completion of the evaluation of a given element, the 

references to these data were listed by Hultgren in an appendix. The 

data in these references and in any other recent publications were examined 

and a reevaluation of all data made. The compilation by Hultgren was 

ba_sed on the 1948 International Temperature Scale. In the process of 

reevaluation, all data were converted to the 1968 Interna~ional Temperature 

Scale. (2) 

*Inorganic Materials Research Division, Lawrence Berkeley Laboratory and 
Department of Chemistry; University of California, Berkeley, CA 97420 
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For those elements for which no references are cited, all data were 

obtained from Hultgren et al. or from the references listed in their 

appendix. If any additional publications were used to supplement those 

in Hultgren, they are cited following Table I. For a number of elements, 

a polymorphic structure occurs at high pressure. Where sufficient 

thermodynamic data were available and where compressibilities and heat 

capacities could be estimated, values of 6Ho for the atomization of the 

phase at 1 atm pressure were evaluated.(3) For a number of elements or 

for some of their polymorphic forms, no experimental data are available. 

Where it was possible to apply theoretical methods of predicting the 

thermodynamic properties of polymorphic forms, these values have been 

given in parentheses with appropriate uncertainties indicated. The models 

described by Brewer (4,5,6,7,8) were used to predict thermodynamic data 

for phases for which no experimental data exist. 

The first column of Table I lists · the elements in alphabetical 

order with the crystal structure indicated if data are given for polymorphs. 

vfuere there are polymorphs, those stable at 1 atm are listed first in order 

of descending temperature stability. Following the form stable at 0 K 

are listed the metastable polymorphs. 

All values in Table I are given-for 0 Kat which the difference. ___ _ 

between 6go and bE 0 is negligible. The second column lists the energies 

of atomization to the ground electronic state of the gaseous atom given in 

kcal per gram-atom. In those few instances where the ground electronic 

state is also the valence state, the electronic configuration is indicated. 

The third column lists energies of atomization to the gaseous valence 

state which is the gaseous atom with the same electronic configuration 

• 
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as in the condensed phase of indicated structure. The values in column 

two are converted to those in column three by addition of the promotion 

energy to convert the gaseous atom from the,ground electronic state to the 

• lowest level of the electronic configuration corresponding to that of the 
' 

condensed phase. The lowest level is used, rather than the center of 

gravity of the configuration, because the lowest level is often the least-

perturbed and most easily characterized level and because the difference 

between bonding energies based on the lowest level and those based on 

the center of gravity vary in a smooth way across the periodic table. 

Experimental data are often lacking for the levels of a configuration 

needed to obtain the center of gravity;whereas values for the lowest level 

for virtually all of the most important configurations involving any number 

of f or d electrons either with one s electron or with one s plus one p 

electron are available.(8,9) Values in the third column which are 

calculated from a theoretical model or which are derived from column two 

through use of promotion energies of considerable uncertainty are given 

in parentheses. 

The fourth column of Table I lists average bonding energies per 

electron obtained by dividing the cohesive energies of column three by the 

number of bonding electrons. In a few instances, where significant 

bonding is attributed to Sf electrons, their contribution has been 

subtracted from the cohesive energies of .column three and the resulting 

'·value divided by the number of non-£ bonding electrons. In those instances, 

the bonding contribution per f electron is also indicated. 

Acknm-1ledgmen ts: 

I wish to thank Robert H. Lamoreaux and John Ling-Fai Wang for their help 

in checking some of the recent literature. This work is supported by the 

Energy Research and Development Administration. 
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Table I 

Cohesive Energies of the Elements 

Atomization Energy Atomization Energy Valence State 
to Gaseous Ground to Gaseous Valente Bonding. Energy 
State at 0 K. State at 0 K. per Bonding Electron. 
kcal/ gram-atom kca1/gram-atom kcal 

Ae 98.±3 (143.)(d
0

"5sp1 "5) (48.) • 
Ag (ecp) 68. Ot o. 2 (201.) (d8. 5 spl. 5) (50.) 

Ag (bee) (56.)± 6. (dlOs) (56.) 

A1 78.1±1. 161.1 
2 (sp ) 53.5 

Am (ecp) (62.9)±2. 

Am (dhep) 63.±2. (149.) 
6 

(f dsp) (47.)+(1.5) per f 

Ar 1. 848t o. 002 

As 
2 3 

68.2±0.6 (s p) 22.7 

At (22. 2)±5. (s2p5) (22.) 

Au (eep) 87. 96±0. 3 (228.) (d8.5sp1.5) (57.) 

Au (bee) (59.)±6. (dlOs) (59.) 

B (B) 134±1 >216. (f?p2) >72' 

Ba (bee) 43. 7±2. 74.2 (d0.55 p0.5) 37. 

Ba (hcp) 42. 6± 2. 77.7 (sp) 39. 

Be (bee) 76.0!:1.5 

Be (hep) 76. 5±1.5 >139 (sp) >70. 

Bi 50. 2±0. 5 
2 3 (s p ) 17. 

Bk '(eep) (68. 9)±4. 

Bk (dhep) (69)±4. (135) 
8 

(f dsp) (45.) 

Br 28.183±0. 018 (s2p5) 28.2 

266.5 
3 

66.6 c (gr) 169.98+0.15 (sp ) 
-0.92 

265.9 3 66.5 c (dia) 169. 40+0.15 - -- (sp_) _____ 
~ -··-

-0.92 

Ca (bee) 42.4±0.4 93.1 (d0.58 P0.5) 46.5 

Ca (ccp) 42.5±0.4 
- . 

Ca (hep) (42.)±2. (85.) (sp) (42. 5) 

Cd 26.73±0.15 112.8 (sp) 56.4 

Ce (bee) 98.8±0.5 121.4 (fd1.5spo.5) 40.4 

Ce (ycep) 99. 3±0. 5 (144.) (fd0.5spl.5) (48.) 

Ce (dhcp) 99.3±0.5 137.6 (fdsp) 45.9 

Ce (aecp) 99. 7±0. 5 (145.) (fdo. 5 spl. 5) (48.) 
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Table I contd. 

· Atomization Energy Atomization Energy Valence State 
to Gaseous Ground to Gaseous Valence Bonding Energy 
State at 0 K. State at 0 K. per Bonding Electron. 
kcal/gram-atom kcal/gram-atom kcal 

. 
Cf (ccp) (41. 9)±5. 

• Cf (dhcp) (42.)±5. (136.) 
9 

(£ dsp) (45.) 

Cl 32.195±0. 033 (s2p5) 32'~2 

Cm (ccp) (92)±1 .. 
Cm (dhcp) 92.1±1 136. 

7 (f dsp) 45. 

Co (ccp) 101. 2±0. 5 (194.) (d6.55 p1.5) (32.) 

Co (hcp) 101. 3±0. 6 157.3 (d7"
2
sp0 "

8
) 34.2 

Co (bee) (99. 5)±3. (139.5) (d7.58 P0.5) (35.) 

Cr (bee) 94. 5±1. 130.2 (d
4

"5sp0 "5 ) 21.7 

Cr (hcp) (83. )±5. (154.) 4 (d sp) (26.) 

Cs (bee) 18. 54±0. 05 (s) 18.5 

Cs (cep) 18.16±0. 06 18.2 

Cu (cep) 80.4±0.3 (196.) (d8.58 P1.5) (49.) 

Cu (bee) (60.5)±6. (d10s) (61.) 

Dy (bee) 69.5±0.5 (127.) (f9dl.58 P0.5) (42.) 

(hep) 136. 
9 

45.3 Dy 70.2±0.1 (f dsp) 

Er (bee) (75.0)±0.5 (136.) (flld1.58 P0.5) (45.) 

Er (hep) 75.8±0.1 141.5 (f11dsp) 47.2 

Es (hcp) (36.)±5. (139.) (f10dsp) (46.) 

Eu 42. 8±0. 2 81.4 (£7d0.58 P0.5) 40.6 

F 19.37±0.1 (s2p5) 19.4 

Fe (bee) 98. 7±0. 3 136.3 (d6.58 P0.5) 27.3 

Fe (ccp) 97.2±0.5 (171.) (d5.58 P1.5) (24.) 

Fe (hcp) 97.8±0.7 153.1 
6 (d sp) 25.5 

.- ... 

(f
11

dsp) Fm (hcp) (34.)±5. (141.) (47.) 

• c 
Fr (18.) ±2. (s) (18.) 

2 
Ga 64.8±0.5 173.4 (sp ) 57.8 

Gd (bee) 94.8±0.6 124.0 (£7 dl.5~P0.5) 41.3 

Gd (hcp) 95. 5±0. 5 135.6 7 (£ dsp) 45.2 

Ge 88. 8±0. 5 (2<10.) 3 (sp ) (53.) 
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Table I contd. 

Atomization Energy Atomization Energy Valence State 
to Gaseous Ground to Gaseous Valence Bonding Energy 
State at 0 K. State at 0 K. per Bonding Electron. 
kca1/gram-atom kca1/gram-atom kcal 

J 

H(para) 51. 724±0. 002 (s) (51.7) 

He (liq.) 0.014 
(d2.55 P0.5) • 

Hf (bee) (14 7.) ±1. 187. 46.8 

Hf (hcp) 148.4±1. 188.5 (d2 ' 3sp0 ' 7) 47.1 

Hg (rhom) 15.428±0.015 123.0 (sp) 61.5 

Hg (tetrag) 15. 46±0 .02 

Ho (bee) 71. 7±0. 5 (132.) (flO dl. Ssp 0. 5) (44.) 

Ho (hcp) 72. 3±0. 25 (139.8) (f
10

dsp) (46. 6) 

I 25.612t0.010 (s2p5) 25.6 

In 58.1±0.25 158.1 
2 

(sp ) 52.7 

Ir (ccp) 160.1±1. 5 (279.) (d6.55 P1.5) (46.) 

Ir (hcp) (159.)±4. (235.) 7 (d sp) (47.) 

Ir (bee) (156.)±4. (198.) (d7.55 P0.5) (49.5) 

K 21. 54±0. OS (s) 21.5 

Kr 2.676±0.003 

La (bee) 102. 4±1. 125.2 (d1 ' 5sp0 ' 5) 41.7 

La (ccp) 103. 0±1. (144) (do. sspl. 5) (48.) 

La (dhcp) 103.1±1. 141.0 (dsp) 47.0 

Li (bee) 37.71±0.2 (s) 37.7 

Li (hcp) ··37.72±0.2 

Lu (hcp) 102. 2±0. 2 152.0 (f14dsp) 50.7 

Lu (bee) (98.)±2. '(151.) (f14 i·sspo. 5) (51.) 

Lr (hcp) (73.) ±10. (152.) (f
14

dsp) (51.) 

Md (hcp) (27.) ±5. (84.) 
13 (f sp)-· (42-.) 

Mg 34.7 ±0. 3 97.2 (sp) 48.6 

111.1 (d5 • 5sp0 ' 5) 
... ~\ 

Mn (bee) 6 6. 4±1. 19.5 

Mn (ccp) 6 7. 2±1. (176.) (d4.55 p1.5) (25.) -. 
Mn (B) 66.9±1. 118.7 (d5.25 P0.8) 18.0 

Mn (a) 67.4±1. 118.5 (d5.45 P0.6) 19.1 

Mn (hcp) (66.)±2 (119.) 5 (d sp) (17.) 

Mo (bee) 157.2±0.5 (d5s) 26.2 
Mo (hcp) (145.)±5. (201.). (d4.35 P0.7) (34.) 
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Table I contd. 

Atomization Energy Atomization Energy 
to Gaseous Ground to Gaseous Valence 
State at 0 K. State at 0 K. 
kcal/ gram-atom. kcal/ gram-atom 

N 
2 3 

113.355±0.01 (s p ) 

Na (bee) 25. 66±0.1 (s) 

Na (hcp) 25.67±0.1 

Nb (bee) 174.5±4 (d4s) 

Nb (hcp) (164.)±5. (198.) (d3.38 P0.7) 

Nd (bee) 78.0±0.6 119.6 (f3d1.58 P0.5) 

Nd (dhcp) 78.5±0.5 136.5 3 (f dsp) 

Ne 0.462±0.002 

Ni (ccp) 102.4±0.5 (199.) (d7.58 P1.5) 

Ni (bee) (96.)±4. (133.5) (d8.58 P0.5) 

Ni (hcp) (96.)±4. (148.) (d8.38 P0.7) 

No (hep) (26.)±5. (86.) 14 (f sp) 

Np (bee) ' 108. :t2. 176. (f 3d3s) 

Np (a) 109. ±2 •. 

0 60. 03±0. 02 (s2p 4) 

Os (hcp) 188.4±0.9 255.5 
6 (d sp) 

Os (bee) (183.) ±5. (213.) (~6.55P0.5) 

P (red) 79.16±0.25 (s2p3) 

P (white) 75.42±0.25 (s 2p3) 
' 

Pa (bee) (145. )±8 (165.) (fd3s) 

Pa (a) (146.)±8 

Pb 46.78±0.3 (s2p2) 

Pd (ecp) 89.8±0.5 (230.) (d7.58 p1.5) 

Pd (bee) (82.)±5 (101.) (d9s) 

Pm (bee) (73. 6)±3 (118.8) (f4d1 •5sp
0

• 5) 

Pm (dhep) (74. 2)±3 (136.) 4 
(f dsp) 

Po 34. 5 ± 2 (~ 2p 4) 

Pr (bee) 84. 7±0. 6 (121.) (f2d1.55 P0.5) 

Pr (dhep) 85. 3±0. 5 (137.) 
2 

(f dsp) 

Pt (cep) 134. 7± 0. 3 (256.) (d7.55 pl.5) 

Pt (hep) (127.)±5 (213.) 
8 

(d sp) 

Pt (bee) (124. )± 5 (167.) (d8.55 P0.5) 

Valence State 
Bonding Energy 
per Bonding Electron. 
kcal 

37.8 

25.7 

34.9 

(40.) 

39.9 

45.5 

(40.) 

(44.) 

(43. 5) 

(43.) 

(40. )+(5. 5) per f 

30.0 

42.6 

(45.) 

26.4 

25.1 

(39. 5)+(7) per f 

23.4 

(46.) 

(51.) 

(40.) 

(45.) 

17.3 

(40.) 

(46.) 

(51.) 

(53.) 

(56.) 
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Table I contd. 

Atomization Energy Atomization Energy Valence State 
to Gaseous Ground to Gaseous Valence Bonding Energy 
State at 0 K. State at 0 K. per Bonding Electron. 
kcal/gram-atom kcal/gram-atom kcal 

Pu (bee) 81. 5±0. 5 132.6 (f5d1"5sp0"5) 41.+(2 .. ) per f 

Pu (ccp) 81. 9±0.5 (147) (f5d0.5spl.5) (46.)+(2.) per f 

Pu (y) • 82.1±0.5 

Pu (S) 82. 2±0. 5 

Pu (a) 83.0±0.5 

Ra 38.2±2 76.5 (do. 55~ o. s> 38.3 

Rb 19.64±0.05 (s) 19.6 

Re (hcp) 185. 2±1. 5 239.4 5 (d sp) 34.2 

Re (bee) (183.)±4 (227) (d5.55 P0.5) (38.) 

. Rh (ccp) 132.5±1 • (244) (d6.55 Pl.5) (41.) 

Rh (bee) (128. )±3. (d8s) (43.) 

Rn 4.66±0.02 

Ru (hcp) 155.4±1 205. (d6.35 P0.7) 38. 

Ru (bee) (153)±2. (d7s) (38) 

S (monocl.) 65.72±0.03 (s 2p4) 32.9 

S .(orthorh.) 65.75±0.02 (s 2p4) 32.9 

Sb 63.4±1.0 (s 2p3) 21.1 

Sc (bee) 89.2±1 128.1 (dl.56 P0.5) 42.7 

Sc (hcp) 89.9±1 .. 134.7 (dsp) 44.9 

Se 51.8±2 (s2p 4) 25.9 

Si 106.7±2 3 202.0 (sp ) 50.5 

Sm (bee) 48.7±0.6 (118) (f5d1.5spo.5> (39.) 

Sm (a) 49.3±0.5 

Sm (h«;:p) (49.) ±1 (133.) 5 (f dsp) (44.) 

Sn (8) 72.0±0.5 (s2p2) 36.0 

Sn (a) 72.4±0.5 185.7 3 (sp ) 46.4 
- ., 

Sr (bee) 39. 5±1 85.9 ci·5sp0.5) 43.0 -. 
Sr (cep) 39.7±1 

Sr (hcp) (39.)±2 (80.) (sp) (40.) 

Ta (bee) 186. B±o. 5 225.6 (d3.5sp0.5) 45.1 

Ta (hep) (169.) ±10 (218) 3 (d sp) (44.) 
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Table I contd. 

Atomization Energy Atomization Energy 
to Gaseous Ground to Gaseous Valence 
State at 0 K. State at 0 K. 
keal/gram-atom keal/gram-atom 

Tb (bee) 92.5±0.6 (126.) (£8dl.55 Po.s) 

Tb (hep) 93.4±0.5 (136.) 8 (f dsp) 

Tc (hep) 158. ±4. 193. (d5.35 Po. 7) 

Te (bee) (152.)±6. (179.) (d5.58 Po.s) 

Te 51.4±0.2 (s2p 4) 

Th (bee) 142. 6±1. 158.5 (d3s) 

Th (eep) 142. 9±1. 

Ti (bee) 110.5±0.7 142.6 (d2.58 P0.5) 

Ti (hep) 111.8±0. 5 157.2 2 (d sp) 

· Tl 43.4±0.3 2 (s p) 

Tm (bee) (55.0)±1. (136.) (f12dl.55 Po.s) 

Tm (hep) 55. 8±1. 139.6 (£
12dsp) 

u (bee) 126.±2 r 170.) (f
2 
d

3 
s) 

(189. ), (fd4s) 

u (B) 127.±2 188. (f2d2.48 P0.6) 

u (a) 128.±2 

v (bee) 122. 4±2 148.8 (d3•5sp0 ' 5) 

v (hep) (117.)±3 (164) (d3sp) 

W (bee) 205.2±1 237.1 (d4.58 p0.5) 

W (hep) (183.)±10 (238.) 4 (d sp) 

Xe 3.798±0.003 

Y (bee) 99.7±0.8 136.7 (dl.58 Po.s) 

Y (hep) 100. 8±o. 7 143.5 (dsp) 

Yb (bee) 36.7±0.4 96.4 (£14do·\po.s) 

Yb (cep) 37.0±0.3 

Yb (hcp) 37.1±0.8 86.5 (f14sp) 

Zn 31. 04±0. OS 123.4 (sp) 

Zr (bee) 143. 3±1 165.7 ( d 2 • 7 s p 0 • 3) 

Zr (hcp) 144. 2±1 178.0 (d2.35 P0.7) 

Valence State 
Bonding Energy 
per Bonding Electron. 
keal 

(42.) 

(45.) 

(30.) 

(30.) 

25.7 

39.6 

35.7 

39.3 

43.4 

(45.) 

46.4 

r39. 5)+6 per f 
(37. )+6 per f 

(44)+6 per f 

29.8 

(33.) 

39.5 

(40.) 

45.6 

47.8 

48.2 

43.2 

61.7 

41.4 

44.5 



-lo-

APPENDIX 

This appendix indicates the source of information used to supplement 
'• 

the tabulations of Hultgren et al.(l). The fifteen elements Ag, Al, B, 

Br, C, Cl, Cu, F, H, I, N, 0, S, Si, and Zn have recently been reviewed by 

the CODATA committee (10). Except for B, S and Si where the CODATA values 

were rejected, the Hultgren values were modified where necessary to be 

consistent with the CODATA values. 

CODATA value for I. 

A small correction was made to the 

Ac - Tabulated vapor pressures(!) were combined with estimated entropy and 
heat capacity values. 

Ag - The recent additional references .listed by Hultgren(!) plus 
summary(ll) of interlaboratory measurements were reviewed. 
scale corrections were made and a value consistent with the 
(10) was accepted. The bee value was calculated(S). 

the IUPAC 
Temperature 

CODATA value 

Am - Data given at 1000 K(l) were taken to lower temperatures using estimated 
entropies and heat capacities. 

As - Values tabulated are based on a revision of Hultgren's tabulation by 
Professor Gerd Rosenblatt(l2) which incorporates recent publications(l3-19). 

At - Estimated values from Stull and Sinke(20) were used. 

Au - The additional references listed by Hultgren(!) plus the IUPAC summary(ll) 
of interlaboratory measurements were reviewed. No change was made in 
Hultgren's value. The value for the bee phase was calculated(S). 

B - Storms and Mueller (62) and Mar and Bedford (63) have reviewed previous 
measurements and have presented new data. 

Ba- Recent vapor pressure measurements(21,22) did not change Hultgren's 
value. High pressure data were used for the hcp phase(3). 

Be - Low temperature heat capacities were estimated for the bee phase. 

Bi - A review of recent vapor pressure measurements listed by Hultgren(!) 
and the values cited by Sullivan et al.(23) did not change Hultgren's 
value. 

Bk- The values were calculated(7,8). 

0 • 

. . . 
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APPENDIX contd. 

Ca - A review of recent references listed by Hultgren and the measurements 
of DeMaria and Piacente(24) and Petrov and Shmykov(2S) did not modify 
Hultgren's values. Low temperature heat capacities were estimated 
for the bee phase. The hcp value was calculated (S) • 

Ce - Hultgren's values were corrected on the basis of the recent measure­
ments of Ackermann et al.(26). ·The bee data were extrapolated to 
low temperatures. 

Cf- The values were calculated(7~8). 

Cm - The recent determination of Ward, Ohse, and Paul (61) was considered 
more accurate than that of Smith, Hale, and Thompson (27). 

Co - The additional vapor pressure measurements listed by Hultgren and 
more recent papers(28-30) were incorporated. The bee value was 
calculated(S). 

Cr - The hcp value was calculated(S). 

Cs - A review of the recent vapor pressure data listed by Hultgren did not 
change the value. The ccp value was obtained from high pressure 
data(3). 

Cu- The value was corrected to be consistent with the CODATA value (10). 
The bee value was calculated(S). 

Dy- The recent results of McCormack et al.(31) were incorporated. The 
bee data were extrapolated to low temperatures. 

Er - The values were obtained in the same manner as for Dy. 

Es- The value was calculated(7,8). 

Eu- Hultgren's values were corrected to be consistent with the entropy 
and low temperature heat capacity determined by Gerstein et al.(32). 

Fe - The low temperature heat capacities were estimated for ccp Fe. The 
hcp value came from high pressure data(3). Recent vapor pressure 
data listed by Hultgren were reviewed. 

Fm- The value was calculated(7,8). 

Fr - The value was estimated. 

Gd- The recent results of Hoenig et a1.(33) were incorporated. 
capacity was estimated for bee at low temperatures. 

The heat 
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APPENDIX contd. 

Hf - The value given by Ackermann and Rauh(34) was accepted. Low 
temperature heat capacities for bee were estimated. 

Hg - The value for the tetragonal phase was obtained from high pressure 
data(3). 

Ho - Low temperature heat capacities for the bee phase were estimated. 

I -Value was corrected to agree with Barrow and Yee (35). 

Ir - After correcting the data reviewed by Hultgren to the 1968 temperature 
scale, a different weighting of the data was used to obtain a total 
change of 0. 3 kc:1l. The bee and hcp values were calculated(5). 

Kr - The value obtained by Lee et al. (36) was accepted. 

La - Low temperature heat capacities were estimated for bee and ccp La. 

Li - Recent vapor pressure measurements listed by Hultgren did not change 
value • 

. 
Lu- The value for metastable bee Lu was calculated(8). 

Lr- The value was calculated(7,8). 

Md - The value was calculated(7 ,8). 

Mg - Recent vapor pressure publications listed by Hultgren did not change 
value. 

Mn - Hultgren's value was not change·d by review of recent vapor pressure 
measurements. The low temperature heat capacities were estimated 
for the bee phase. The hcp value was calculated(5). 

Mo - The temperature scale correction and reevaluation of the data yielded 
a change of 0.3 kcal. 

Nb- The JANAF value(37) was accepted. The hcp value was calculated(5). 

Nd - The low temperature heat capacities for the bee phase were estimated. 

Ne - The value given McConville(38) was accepted. 

Ni - The recent vapor pressure data listed by Hultgren and those of Vrestal 
and Kucera(39) and Rutner and Haury(40) did not change Hultgren's value 
by, an amount greater than the temperature scale co'rr,~ction. The 
values for bee and hcp Ni were calculated(S). 

No- The value was calculated (7,8). 

• 

. ~ .. 
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Np- A calculated value (7,8) for a-Np of 109±3 kcal/gram-atom indicated 
results of Eick and Muford (41) were due to NpO vapor.. Recent 
measurements (60) confirm the calculations. 

Os- The bee value was calculated(5). 

Pa - The values vrere calculated(7 ,8). 

Ph - The recent vapor pressure publications listed by Hultgren did not 
change value. 

Pd- The bee value was calculated(S). 

Pm- The values were calculated(8). 

Po - The value given by Stull and Sinke(20) was used. 

Pr- The low temperature heat capacities were estimated for bcc.Pr. 

Pt - The value given by Plante et aL.(42) was accepted. 
bee and hcp Pt were calculated(S). 

The values for 

Pu- The value given by Kent(43)was accepted. Low temperature heat 
capacities were estimated for the fo~r high temperature phases. 

Ra- Ute value is given by the National Bureau of Standards{44). 

Rb - Recent measurements(21,45,46) agree with Hultgren within their 
experimental uncertainty. 

Re- The bee value was calculated(S). 

Rh - The results of Piacente et al. (47) .were· incorporated. .'I'he bee value. 
was calculated(S). --

Ru- The bee value was calculated(S). 

S -The CODATA value(lO) was rejected as Hultgren's evaluation was more 
up-to-date. 

Sb- Values tabulated are based on a rev1s1on of Hultgren's tabulation 
by Professor Gerd Rosenblatt(l2) incorporating Hultgren's list of 
additional references plus later publications(23,48,49). 

Sc - The low temperature heat capacities were estimated for bee Sc. 

·Se- Hultgren's value was retained but the possibility of a value 4 kcal 
larger has not been resolved(SO). 



-14-

APPENDIX contd. 

Si - The JANAF value(37) was accepted as being more up-to-date than either 
the Hultgren(l) or CODATA(lO) values. 

Sm- The recent data of Desideri et al.(51) are in good agreement with 
Hultgren(l). Low temperature heat capacities were estimated for 
the bee phase. The hcp value was calculated(7). 

Sr - The results of DeMaria and Piacente(24) were incorporated. 
temperature heat capacity of the bee phase was estimated. 
value was calculated(5). 

The low 
The hcp 

Ta - The JANAF value(37) was accepted. The hcp value was calculated(5). 

Tb The low temperature heat capacities of bee Tb were estimated. 

Tc The value of Krikorian et al. (52) was accepted. 
calculated. 

The bee value was 

Te - A review of additional references listed by Hultgren plus more recent 
publications(53-4) yielded 6H() = 20,285±50 cal/gram-atom for !re2(g). 
Barrow(55) reviewed recent measurements of n0(Te2) and selected 
62.3±0.2 kcal/mol(SO). 

Th - The value of Ackermann and Rauh(34) was accepted. 
heat capacities of the bee phase were estimated. 

The low temperature 

Ti Hultgren's value were converted to the 1968 Temperature with incorporation 
of the additional references plus the data presented by 'Ylu and 
1~ahlbe.ck"(5.6). The low temperature heat capacities of the bee phase 
were estimated. 

Tl- Recent measurements(21) were within the uncertainty of Hultgren's 
value. 

U The data of Oetting and Leitnaker(57) were incorporated. The low 
temperature heat capacities of the high temperature forms were estimated. 

V - The JANAF value(37) was accepted. The hcp value was calculated(S). 

W - The value of Plante and Sessons(58) was accepted. 
calculated(5). 

The hcp value was 

Y - The data of Ackermann et al. (59) were incorporated. The low 
temperature heat capacities of the bee phase were estimated. 

Yb- The data in references listed by Hultgren and by Desideri ~ al.(Sl) 
were evaluated to obtain value 0.5 kcal higher than Hultgren. 

Zr - The value of Ackermann and Rauh(34) was accepted. 
heat capacities of the bee phase were estimated. 

The low temperature 

·; 
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