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abstract 

The unclassified literature both n <5 
lanthanide rare-earth elements Numbers to V^rium and the 
available data on properties have been compiled A ^ been reviewed- The best 
property and by element. Included are the Pre8ented in tabular form by 

mechanica!, and nuclear properties of the elements'andT1“1’ magnetic' electrical, 
Phase diagrams are presented. A supplemental Ust of ^ COmPounds- Over 200 
optical properties has been included^ ernental llSt 0f Publications containing data on 
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Prop«r*i«t 

PROPERTIES OF THE RARE EARTH tLPMENTS 

(Room Temperature) 

1 

Symbol 

r 

La 

Ce 

Pr 

Nd 

Pm 

Sm 

Eu 

Gd 

Tb 

Dy 

Ho 

Er 

Tm 

Tb 

Lu 

Atomic Atomic 

..Weight 

39 88.92 

57 138.92 

58 140.13 

59 140.92 

60 144.27 

61 145 

62 150.35 

63 152.0 

64 157.26 

65 158.93 

66 162.61 

67 164.24 

68 167.27 

69 168.94 

70 173.04 

71 174.99 

Eitimated 

Abundance, Density, 

PPtn g/cm3 

28-70 4.4/2 

5-18 6.162 

20-46 6.678 

S. 5-5.5 6.769 

12-24 7.C16 

4.5- 7 7, 536 

0.14-1.1 5.245 

4.6- 6.4 7.886 

0.7-1 8.253 

4. 5-7.5 8.569 

0.7-1.2 8.799 

2,5-6.5 9.062 

0.2-1 9.318 

2.7-8 6.959 

0.8-1.7 9.849 

Atomic Melting 
Volume, Point, 

cm3/mole ç 

19.886 1 509 

22.f0 920 

20.695 795 

20.778 935 

20.60 1024 

1080 

19.0 1072 

28.91 826 

19.88 1312 

19.245 1366 

19.032 1407 

18.742 1461 

18.473 1497 

18.161 1645 

24.80 824 

17.779 1652 

Heat of Boiling 
Fusion, Point, 

kcal/mole ç 

4.1 2927 

2.75 3469 

2.20 3468 

1.650 3127 

1.705 3027 

3.00 (2727) 

2.061 1804 

2.0 1439 

2.1 3000 

2.2 280u 

3.8 2600 

4.1 2600 

4.1 2900 

4.3 1727 

1.8 1427 

4.6 3327 

(Contirued) 

YTTRIUM 

LANTHANUM 

CERIUM 

PRASEODYMIUM 

Ni^DYMIUM 

PROMETHIUM 

SAMARIUM 

EUROPIUM 

GADOLINIUM 

TERBIUM 

DYSPROSIUM 

HOLMIUM 

ERBIUM 

THULIUM 

YTTERBIUM 

LUTETIUM 



2 ELEMENTS 

YTTRIUM 

LANTHANUM 

CERIUM 

PRASEODYMIUM 

NEODYMIUM 

PROMETHIUM 

SAMARIUM 

EUROPIUM 

GADOLINIUM 

TERBIUM 

DYSPROSIUM 

HOLMIUM 

ERBIUM 

THULIUM 

YTTERBIUM 

LUTETIUM 

Ref. State 

Heat of 
Vaporization Specific 

(25 C), Heat at 25 C. Expansion, 

Coefficient of 
Linear Thermal 

Thermal Conductivity,- 
28 C, Crystal Lattice Constants 

kcal/mole cal/(tnoleXC) 10~6/C cal/(sec.XcmXO Structured) a;j. A cQ, A 

93 

96 

95 

79 

69 

6,01 

6.65 

6.44 

6,48 

6.57 

10.8 

4.9 

8.5 

4.8 

6.7 

0.035 

0.033 

0.026 

0.028 

0.031 

(60) (6.60) 

Hep 
Bcc 

Hep 
Fee 

Fee 
Bcc 

Hep 
Bcc 

Hep 
Bcc 

Fee 

3.6474 5.7306 
4.11 

3.770 12.159 
5.304 

5.1612 
4..1 

3.6725 11.8354 
4.13 

3.6579 11.7992 
4.13 

Metallic 
Radius, 

A 

1.801 
1.83 

1.877 
1.875 

1.825 
1.83 

1.828 
1.84 

1.821 
1.84 

(1.810) 

46 

42 

6.76 

6.4 32.0 

Rhomboiiedral 8.066 a«23" 13' 1.802 
1.81 Bcc 

Bcc 

4.07 

4.5820 2.042 

72 8.80 8.6 0.021 Hep 3.6360 5.7826 1.802 
Bcc 4.06 

70 6.92 7.0 0.13 Hep 3.6010 5.6936 1.782 

67 

67 

67 

6. 3 

6.49 

6.72 

8.6 

9.5 

9.2 

0.024 

0.023 

Hep 3.5903 5.6475 1.773 

Hep 3.6773 5.6158 1.766 

Hep 3.5588 6.6874 1.757 

59 6.45 11.6 Hep 3.537 5 5.5546 1.746 

38 (6.0) 25.0 Fee 5.4862 
Bcc 4.45 

1.940 
1.93 

90 (6.45) 12.5 Hep 3.5031 6.5509 1.734 

(a) Hep, hexagonal close packed; Fee, face-centered cubic; Bcc, body-centered cubic. 



Properties 
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« 

t 

Structure 
Transition 

Temperature, 
C 

1460 

310,868 

-150, -10,730 

798 

868 

917 

1262 

1317 

798 

Magnetic Magnetic 
Susceptibility, Moment, 

IO’6 Bohr 

emu/mole magnetons 

191 0.67 

101 0.49 

2,430 2.51 

5,320 3.56 

5,650 3.3 

1,275 1.74 

33.100 7.12 

356,000 7.95 

193,000 9.7 

99,800 10.64 

70.200 10.89 

44.100 9.6 

26.200 7.62 

71 0.41 

17.9 0.21 

Curie Neel 

Temperature, Temperature, 
K_K 

None None 

Debye Thermal-Neutron 
Temperature, Cross Section 

K Barns/Atom Cm2/G 

1.27 0.0004 

None None 142 8.9 0.039 

147 0.70 0.0030 

None None 152 11.2 0.048 

7.6 157 46 0.19 

162 

15 

108 91 

290 

237 230 

85 178.5 

<20 133 

20 84 

22 60 

None None 

None None 

168 5,500 22 

70-120 4,600 18 

176 46,000 177 

181 44 0.166 

186 1,100 4.1 

191 64 0.23 

195 166 0.6C 

200 118 0.42 

118 36 0.126 

210 108 0.37 

YTTRIUM 

LANTHANUM 

CERIUM 

PRASEODYMIUM 

NEODYMIUM 

PROMETHIUM 

SAMARIUM 

EUROPIUM 

GADOLINIUM 

TERBIUM 

DYSPROSIUM 

HOLMIUM 

ERBIUM 

THULIUM 

YTTERBIUM 

LUTETIUM 

(Continued) 



T 

YTTRIUM 

LANTHANUM 

CERIUM 

Trivalent-Ion 
Radim, A 

0.88 

1.061 

NEODYMIUM 0.995 

PROMETHIUM 0.979 

SAMARIUM 

EUROPIUM 

GADOLINIUM 

TERBIUM 

0.964 

0.960 

0.923 

DYSPROSIUM 0.908 

HOLMIUM 

ERBIUM 

THULIUM 

YTTERBIUM 

LUTETIUM 

0.894 

0.881 

0.869 

0.858 

0.848 

Stable 
Oxidation 

States 

(Poaitive) 

3 

1.034 2,3,4 

PRASEODYMIUM LOIS 3,4 

2,3 

2,3 

3,4 

2,3 

Trivalent-Ion 
Oxidation 
Potential 

(Positive), 
volts 

2.4 

2.335 

2.2 

2.24 

2.2 

2.2 

2.2 

2.2 

2.2 

2.1 

2.1 

2.1 

2.1 

2.1 

Young's 
Modulus, 

1011 

dynes/cm2 

6.63 

3.8« 

3.00 

3.52 

3.79 

3.41 

5.62 

5.75 

6.31 

6.71 

7.33 

1.78 

Shear 
Modulus, 

ion 
dynes/cm2 

2,62 

2.23 

2.28 

2.54 

2.67 

Ratio 

0.265 

1.49 0.228 

1.20 0.248 

1.35 0.305 

1.45 0.306 

1.26 0.352 

0.259 

0.261 

0.243 

0.266 

2.96 0.238 

0.70 0.284 

ELEMENTS 

Sonic 
Poisson's Compressibility, 

10° cm2/)<a 

2.09 

3.24 

4.95 

3.28 

3.02 

3.06 

2.56 

2.52 

2.45 

2.39 

2.14 

2.11 

2.0 

7..2 

2.3 

A 
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T em He 

Strength, 
loop mi 

22,0 

18.9 

15.0 

15.9 

24.7 

18.0 

27.8 

35.7 

37.5 

42.4 

10.4 

Yield 

Strength, Elongation, 

1000 pal per cent 

9.7 25 

18.2 8 

13.2 24 

14.5 10 

23.9 11 

18.2 3 

25.1 8 

32.fi 8 

72.1 5 

38.7 4 

9.5 8 

Isod 

Impact 

Strength, Realitlvlty, 
ft-lb microhm-cm 

1.50 64.9 

4.5 56.8 

2.2 75.3 

4.75 68.0 

8.3 64.3 

0. 53 

M 

X* 

1,8 

7.0 

U 

5.3 

88 

81.3 

104.5 

138 

58 

87 

107 

7* 

27 

79 

Tem peaat ure 
Coefficient of 

Realitlvtty, 
IQ^/C 

2.71 YTTRIUH 

2.18 LAHTHAMUH 

0.87 CERIUM 

1.71 WAJfOOYM/Ull 

1.64 NEODYMIUM 

PROMETHIUM 

1.48 SAMARIUM 

4.80 EUROPIUM 

1.78 GADOLINIUM 

0.91 TERBIUM 

U19 DYSPROaUM 

1.71 HOLMIUM 

2.01 ERBIUM 

1.98 THULIUM 

1.30 YTTERBIUM 

1.40 LUTETIUM 

(Cometam and ooildatlon data am given on page* 8 and 7.) 



ELEMENTS 

CORROSION DATA AND OXIDATION' RESISTANCE( 1 °9) 

COMOSION 1ATIÍ Of «AM EAÄTHS AND YTTMUM IN 

nSTILUD WATE* AND AC3D« 

tlcmmi Cofrodlngti |n4ic««4 Cchoiioa ««ici, miU/v««i 

Medium 1 - > * 10* 1-*«10* 10-100 1-10 «1 

Dm i lied Weier lu 

J0C 

100C 

IN Hjf04 tu 

MC 
«Mllllg 

4N HjfOe lu 

MIC 

IN ClO,. 

MC 

(011.11( U 

IN lu 

MC 

111 Hf ■ UNOj *• 

MC 

C« 

lu 

U, Ce ft. Nd. Sm. Gd. 

Tb. Dy. Hu. 

ti. Tm. Yb. Y 

Ce U. ft. Nd tm. Gd. Tb, 

Dy. Ho. b. 

Tm. Yb, Y 

ft 

Ce, Ce, Nd, Gd. ft. Ho. Sm. Tb 

Dy, Tm. Tb. Y It 

•* -• Sm. Gd. Tb, 

Dy, Ho. li, 

Tm. Yb, Y 

Sm, Gd. Tb, ft, Nd. U, Ce 

Dy, Ho. Tm. ti. Yb 

Y 

e, Tm Tb. Nd, Ce 

Ho. li 

ft, Sm. Y 

Gd, Dy. 

Yb 

Ho, li Ce. ft. Tb 

» U. Ce, fl Nd, 

tm, ti. Y 

lm Nd 

Nd. tm. Gd. Dy. Y 

Tm. Yb 

Ce. Nd 

Dy. He 

U, Ce, ft Io 

U, Ei, ft, Sm. Gd. 

Tm. Yb Tb. Dy. Ho, Y 

Tb, Tm, Gd 

Tb 

Tb. Ho. Gd. Dy. Ci. 

Yb Tm, Y 

UfbOMTOY CCnOOON TUTS Of GADOLINIUM. 

DYtNOHUM. HOL Ni UM. OMUM AND YTTMUM 

AT MC 

JfcÉt 
Cemeetee «ei*. 

JMÛML ■ 
IM M3tO« 

n*Ma 
HNO i 

mmetuedO 
Dlmotue^*) 

OXIDATION Of «AM LAUT Hi AND YTTMUM 

-MmMfc. ai— tajamUulmÊumJtL. 
AM MBmíMMm 

AN Wmee-teiuieied «lili MM HjO, 

ami m. m ss&l ._n«,, 

Ce 

ft 11 

<1 

no 
it 
ti 
u 

i 
tt 

M 

YOMHCIO« 

in IUQ| 
IN MCI 

Olaoleedl*) 
O»« »0* 
9m w 

u 

etdo 

IN MHO, 

in Hcio« 

IN HCOOH 

0. INHylO« 

0.1HHCI 

#1 10* 
ti It* 
» i 10' 

le Itf* 

IN KC1 

IN CuCI| 
t Mb fey (tO«)] 

t ■ lb* 
ta 104 
ta l#4 

M fftCH.iCOON 

M*H^Q, 
»WM* 

la 10* 
t a 10* 
10 

0 
t 
0 
0 
1 

«I 
« 
0 
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Prop«rti«i 7 

COWOà’ON RATES Of RARE EARTHS IN 1-NORMAL 

CHROMIC ACID AT 30 C 

Atomic Numtwr 

CORROSION RATES OP RARE EARTHS IN 1-NORMAL 

SODIUM HYDROXIDE AT 30 C 

(Pcrmtaian of Nation*! 
Aawclauon ci 
Carr calor Engine«, a) 

CORROSION RATES OP RARE EARTHS IN 1 -NORMAL 

SODIUM NITRITE AT 30 C 



8 COMPOUNDS 

PROPERTIES OF RARE EARTH COMPOUNDS 

ANTIMONIDES 

Lame* 
Compound Structure Type 

Melting 
Point. ReiUtivity, 

*0, A C microhm-cm 

Magnetic 
Suicepttbility, 

10'® emu/mole 

YSb Cubic Nad 
I aSb Cubic Nad 
Ce Sb Cubic Nad 
PtSb Cubic Nad 
NdSb Cubic NaCl 
SmSb Cubic Nad 
GdSb Cubic Nad 
Gd4Sb3 Bcc Th3P4 
TbSb Cubic Nad 
DjrSb Cubic NaCl 
HoSb Cubic Nad 
ErSb Cubic Nad 
TmSb Cubic Nad 
YbSb Cubic Nad 
LuSb Cubic Nad 

6.16 1935 65 

6.49 1540 130 

6.412 — 

6.366 - 

6.332 — 16 
6.271 — 

6.211 
9.234 — 220 

6.160 — 
6.160 -- 

6.160 — 

6.101 1900 47 

6.091 

6.079 - 
6.0558 — 

1,000 

28. 515 

36,232 

45,658 
44,143 

36,232 

26,661 

5,450 

Effective 
Magnetic 
Moment, 

Bohr magnetoni 

3* #3 

1.87 

9. 87 
10.62 
10.35 

9.36 
8.14 

3.74 

AMEHIDES 

Compound 
Lattice 

Structure Type 

ReciHlvity, 
a©. A microhm-cm 

YAi 
UAi 

CeAi 

PrAi 

NdAi 

8m At 
GdAi 

TbAi 

DyAi 
Ho A i 

CrAt 
TmAt 

YbAt 

Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 

Nad 
NaCl 

Nad 
Nad 
Nad 
Nad 
Nad 
Nad 
Nad 
NaCl 
Nad 
Nad 
Nad 

8.600 

6.131 

6.012 
6.009 
8,910 

6,921 
8.662 

8.121 
8.603 

8.111 
8.148 

8,191 
8.108 

i Vi : 
160 

Magnetic 

SuKcptlbUity, 

10*® emu Ancle 

1.066 

81,548 

39,033 

46,060 

31,483 
24,390 
1,125 

Effective 

Magnetic 

Moment, 

Bohr magneton* 

3.60 

Ml 
9.65 

10.51 

10.41 

9.34 

i.n 
4.11 



Prop«rt¡«i 

BCRYLl/DES 

BISMUTHIDES 

tomes 

Compound «p, A 

YBeia 10.238 
UBei3 10.460 
CeBe13 10.378 
Pt Be j g 10.367 
NdBej3 10.356 
PmBC]3 10.33 
SmBe)3 10.28 
EuBe j3 10.288 

Compound »q, A 

Cd Be i3 10.27 
TbBe13 10.251 
DyBe13 10.240 
Ho Be i3 10.220 
ErBe13 10.215 
TmBe,3 10.192 
YbBeis 10.19 
luBei3 10.177 

Compound 

r»i 
UBt 

Ce Bl 
PtBi 
NdBi 
smBt 
Cd Bi 

Dy Bl 

HoBi 

EfBk 

tmll 

Utllcc 
Structure Type *q. * 

Cubic Ned 6.23 
Cubic NaO 6.58 
Cubic N«a 6.500 
Cubic N»C1 6.461 
Cubic NtO 6.424 
Cubic N*a 6.362 
Cubic NaO 6.316 

9.383 
Cubic NaO 6.280 
Cubic NaO 6.281 
Cubic NaO 6.228 
Cubic NaO 6.202 
Cubic NaO 6.1W 

MAgnetiC 

Resiitlvity, SueceptibUtty. 

microhm-cm 10’® emu/mole 

196 

1.189 
.. 24.038 

190 
.. 38.086 
•* 44.083 
.. 44,543 
.. 18,714 
.. 28,000 

Effective 

MAgnetic 

Moment, 
Bohr mignetoru 

3.52 

8,20 
• • 

9.64 
10.97 
10.32 
9.32 
1.63 

Compound 

Gd», 
18¾ 
Dy», 

Ho», 
Ir», 

UB, 

Swuctuie 

«■Agone! 

leaegonAl 
1^^101^1 
leiAgoiiAl 

ittAfMIAl 

lei 
telAgCMAl 

yati SutÊÊÊí Â 

M^ 

3.298 
3.81 
3.8* 
8.188 
1.11 
8.21 
».146 

3M.1 
1.94 
3.86 
I.B38 

I. BI 
1.19 
1.104 

2.91 

9.1» 

Meiling 
Point. 

C 

2100 



10 COMPOUNDS 

BORIDES (Continué) 

Compound 

YB? 
U&, 
PrB3 

GdBa 

Stmctuii 
Uttice Conwânti. A 

M»3 

Tetragor.âJ 3.78 

TetrigonaJ 3.82 

Pteudocubic 3.81 
Tetragonal 3.79 

Tetragonal 3.77 

3.55 

3.96 

3.63 

3.562 

Compound 

YB4 Tetragonal 7.111 

UB4 Tetragonal 7.30 

Cel4 _ Tetragonal 7.205 

PrÄ4 Tetragonal 7.20 

NdB^ Tetragonal 7.21} 

Sm Tetragonal 7.1'4 

Cd>4 Tetragonal 7.’14 

TbB4 Tetragonal 7.111 

Dy »4 Tetragonal 7.101 
H0I4 Tetragonal 7.004 
Er fta Tetragonal 7.071 

Tml4 Tetragonal 7.00 

YbÍ4 Tetragonal 7.01 

ua* Tetragonal 0.991 

Melting 
Point, 

C 

mb4 

4.017 4.36 2.800 
4.17 6.44 

4.090 5.74 

4.11 6.74 

4.1020 5.63 - 

4.070 0.19 
4.047 6.44« 

4.028« 6.679 

4.0174 6.74 

4. OOC 6.1« 

3.9972 7.261 

3.99 7.09 

4.00 7.31 

3.936 7.62 

Structure 
lattice Conrtanti. A 

«o «o 

Dertilty 

g/cm3 

Deniity, 

g/cm3 

3.97 
4.92 

5.20 
6.03 
6.74 

Color 

Gray brown 

Gray brmrn 

Gray brown 

Gray brown 

Gray brown 

Gray brown 
Gray brown 

Gray brown 

Cray brown 

Gray brown 

Gray brown 



PropÀfti«» 

BORIDES (Òwnfini/»«/) 

Compound Structure *0, A 
Deniity, 
g/cm 3 

Melting 
Point, 

C 

Magnetic 
Sutceptibklity, 

10'® emu/mde 

Effective 
Magnetic 
Moment, 

Bohr magnetom 

Work 
Function, Emutlvlty, 

ev A • 0. 655 

YB6 
UBg 
Ce 3g 
PrBg 
NdBg 
&mB6 
Eulg 
OdBg 
TbBg 
DyBp 
HoBg 
ErBg 
Tmlg 
YbB6 
Ulg 

Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
CuUc 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 
Cubic 

4.113 

4.154 

4.131 

4.130 
4.123 

4.131 

4. »11 

4.112 

4.1020 

4.0016 

4,006 

4.110 
4.11 

4,144 

4.11 

3.16 

4.121 

4. B0 

4.831 

4. »46 

3.08 

4.938 
3.30 

3.383 
3.4» 

3.33 

3.38 

3.3» 

3.33« 
3.14 

2.300 

2,100 

2.190 

2,340 

1,810 
2,200 

>2,100 

2.260 

4,800 

2.420 

1,810 

21,000 

8.140 

0.0 

9.0 

2.80 

3.31 
3.82 

2.32 

1.68 

4.38 

2.22 0.1 
2.66 0.1 

2.39 U.68 

3.12 0.81 
3.91 0.64 

4.4 0.68 

4.9 0.83 
2.03 0.63 

2.99 0.14 

8.83 C.7 

3.42 0.1 

8.81 0.1 

4.84 

8.18 0.1 
1.0 0.1 

"II 
rb»l2 
Oyl,, 
H°*12 
1.8,8 
Tn»,: 

"*ia 
ub12 

itwictute a», A 

Cubic 1.300 
Cubic 1.304 

Cubic 1.301 

Cubic 1.492 
Cubic 1.484 
Cubic T.419 

Cubic 1.41« 

Cubic 1.464 

8.44 

4.60 
4.633 

4.10« 

4.73« 

4, 84i 

Cum pound 

Y*10 

ama.aaiiisia.J 

M*Î0 

Mulling 
P0«M. 

C 

fewngMAl 11.13 11.98 



12 
COMPOUNDS 

CARBIDES 

Compound 

re 

Metiim Pom». C 

MC 

1, 960 

«fcimivtty. microhm-cm 

4. M i 104 

Compound Stnacnm 
tamer 

Typ» 

Unie« 

Ç«»«««**. A IX DM ly, 

*o *«> l/cm* 

Mag neue Magnetic 

PouM> «CMauvity, Sutcepiibüity. Moment. 

C mkiobm -cm IO-4 cmu/mole Bohr magneton* 

*C, 
•-UC, 
ß-U'l 

C^i 
PrCj 

NtfCg 
®n i1 « 
c-c, 

oye, 
MoC, 
feCj 
TmC¿ 

rbci 
LwCg 

■ody-cenierej tetragonal CaC, 3. «64 6.1«» 4.4»« 

Body-centered lei.agonaJ CaC, 3.(18 «.M «.34 

C***c felj g.o •• «,0 
Body -er« er cd «ctragonaJ CaC, 3.«« «.«« yM 
«ody-c entered tetragonal CaC, 3. BÄ 1.42 4.73 

Body-centefrd letragonaJ CaC, 3.10 «.37 «. 00 

Body-centered teoagonaJ CaC, |.7< «.» « M 
Body t einer cd le tragona! CaC, ».71i«.f7J «.BSC 

Body-centeeed leaagonaJ CaC, 3.BB0 «.217 7,17« 

My-oaaaamdMrarmal C^C, s.td« «.n« 7.440 
Body-centered tetragonal CaC, 3.443 «.13« 7.701 

Body-centered tetragonal CaC, 3. «20 «.0»4 7. «M 

Body temered »«agonal CaC, 3.000 «.o«7 «,174 

Body-centered tearagonnl CaC, 2. «73 «. io« «.047 

Body-centered tetragonal CaC, 3. M3 A. ««4 «. 721 

2300 
«4» 

243« 

2440 

2A3& 

»2000 
»2200 
*2200 

«8.7 
e« 
•* 

48.8 
24.7 

».WO «,i« 
4,400 (3.1«) 

** ».$3 
-2,300 2.84 

** 7. »2 
-2.840 «.»7 

'M.4M 10.43 
-W.AOO 10.17 
-33.300 «.71 

-2.400 3.81 

T«s 
u,c, 

BlgC, 

Hä 
.m 
o-gC, 

lattice 
type *0. A 

Meli «41 

Botar. C 

Banni city, 

mkattai-cai 

^¿2 

«.BIB* ».«* 3. MO 
W* «SC, «.44« «.M« 
•** 1,7072 «.«I 
««* Ba,C, 8. MT« 8. «OK 

■bb NgC, 8.41*7 7.877 ~ 
Be« N,C, «.««oí «. M4 •• 

Wc NgC, 8.3817 8.333 



k. 



14 COMPOUNDS 

GERMANIDES (Contint) 

Compound Structure 

Lattice Lattice Comtants, A 

Type_a0 bu cp 

Density, 

g/cm3 

ß-UGt^ 
a-CeGj 
ß-CeGj 
HGe^ 

NdGe2 

SmGCj 

EuGcj 

GdGej 

Imperfect 
o-ThSig 

o-GdSij 
a-ThSij 

a-GdSi^ 

a-ThSi^ 
a-ThSi^ 
a-ThSij 

AIB2 defect 

«nThSij 

3.06 
4.321 
4.41 
4.27 
4.36 
4.26 
4.230 
4.193 
4.09 
4.12 

4.30 

4.26 

4.14 
14.209 
14.190 
14.08 
14.07 
13.98 
13.920 
13.83& 
4.99 

13.72 

7.059 

Compound 

Th2Ge3 
Dy2Ge3 

Ht^Geg 

Ei2Ge3 

Tn^Gtj 
YhjGeg 

LUjGe, 

Lan ice 

Type 

fc^Geg 

AlBj defect 

AlBj defect 
AlBg defect 

/JBg defect 

AlBg defect 

AIB2 defect 
AlBg defect 

Lattice Constan» ■ A 

3.95 4.16 

3 92 4.13 
3.90 4.11 

3.89 4.09 

3.88 4. 07 

3.96 4.19 

3. 83 4.06 

Compound Structure 

Lattice Constanta. A 

U5Ge3 
Ces^S 

M8Ge3 

Hep 8.958 6.796 3.72 

Hep f..B76 6.170 8.92 



Properties 

HALIDES 

Latt.ee Constants. A 

Compound Structure a0 b0 cp 

MBr3 

YBr3 
LaBr3 

CeBtg 
PrBr3 

NdBtg 
PmBr^ 

SmBig 

EuBr3 

CdBr3 

TbBr3 

DyBr3 
HOBfg 

ErBr3 

TmBr3 

YbBr3 

LuBr3 

Hexagonal 4.102 -- 6.399 

Hexagonal 

Hexagonal 

Orthorhombic 

Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 

hexagonal 

Hexagonal 

Hexagonal 

12.712 4.019 9.12B 
4.172 — 6.441 

4.129 -- 6.391 

4.114 — 6.400 

4.08B -- 6.391 

4.070 — 6.38B 
4. 042 — 6.367 

4.932 -- 6.382 

4.015 — 6.371 

Compound Structure 

Lattice Constants. A 

MC12 

SmClg 

EuCl2 
YbCl2 

Orthorhombic 

Orthorhombic 

Orthorhombic 

8.973. 7.532 4.437 

8.914 7.499 4.493 

6. 53 6.68 6.91 

Melting 
Point, 

C 

904 

788 
732 

693 
684 

677 
664 

707 

785 

827 

881 

914 

950 
955 

940 
957 

Melting 
Point, 

C 

740 

727 
727 

Boiling 

Point, 
C 

1,463 

1,580 

1,560 

1,550 

1,540 
1,530 

Décomposés 

Decomposes 

1,490 

1,490 

1,480 

1,470 
1,460 

1,440 

Decomposes 

1,410 

Boiling 
Point, 

C 

2,030 
2,030 

1,930 
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COMPOUNDS 

HALIDES (Continued) 

Compound Structure 

Melting Boiling 
Lattiçe-Çornum., A ß, pointi Foint> 

*o b0 co degrees C C 

MCI3 

YGJq 
ua3 
CeCl3 
PrCln 

Nda3 
PmCl3 
SmClg 

EuC13 

GdClg 

TbClg 

Dya3 

Hoa„ 
Erdg3 

TmClg 
YbClg 

LuClg 

Monoclinic 11.94 
Hexagonal 

Hexagonal 7.450 

Hexagonal 7.422 
Hexagonal 

Hexagonal 7.397 

Hexagonal 7.37P 

Hexagonal 7.369 
Hexagonal 7.363 

Monoclinic 6.163 

Monoclinic 6.91 

Monoclinic 6.85 

Monoclinic 6.80 

Monoclinic 6.75 

Monoclinic 6.73 

Monoclinic 6.72 

111.0 

4.315 

4.275 

4.211 

4.171 

4.133 

4.105 

3.848 8.357 107.6 
11.97 6.40 111.2 

11.85 6.39 110.8 
11.79 6.39 110.7 

11.73 6.39 110.6 

11.65 6.38 110.4 
11.60 6.39 

700 1.507 

862 1,750 
802 1,730 

786 1,710 
759 1,690 

737 1,670 

678 Decomposes 

623 Decomposes 
602 1,580 

588 1,550 
654 1,530 

720 1,510 

776 1,500 
821 1,490 

854 Decomposes 
892 1,480 

Compound Structure 
Lattice Constants, A 

fo_ bp c0 

YF3 Orthorhombic 
YF3 Cubic 
LaF3 Hep 

CeF3 Hexagonal 

PrP3 Hexagonal 

NdF3 Hexagonal 

PtnP3 Hexagonal 

SmF3 Orthorhombic 
SmF3 Hexagonal 

EUP3 Orthorhombic 
EuF3 Hexagonal 

GdP3 Orthorhombic 
"TbFg Orthorhombic 
TbF4 Monoclinic(a) 

DyFg Orthorhombic 

HoF3 Orthorhombic 

HoF3 Hexagonal 

ErF3 Orthorhombic 
TmF3 Orthorhombic 
TmF3 Hexagonal 

Ybp3 Orthorhombic 

LuF3 Orthorhombic 

(a) P ■ 126 deg. 

MF3 and MF4 

6.353 6.850 4.393 
5.644 

7.186 — 7.352 
7.114 — 7.273 

7.061 — 7.218 

7.030 — 7.200 
6.96 -- 7.14 

6.669 7.059 4.405 
6.956 — 7.120 

6.622 7.019 4.396 

6.916 — 7.091 
6.570 6.894 4.393 
6.513 6.949 4.384 

12.1 10.3 7. 9 

6.460 6.906 4.376 
6.404 6.875 4.379 

6.833 — 6.984 

6.354 6.846 4.380 

6.283 6.811 4.408 

6.763 — 6.927 
6.216 6.786 4.434 

6.151 6.758 4.467 

Densir 
g/cnv 

5.069 

5.94 
5.99 

6.18 
6.37 

6.643 
6.925 
6.793 

7.088 

7.047 
7.236 

7.456 
7.644 

t. 829 
7.814 

7.971 

8.220 
8.168 

8.332 

Melting Boiling 

Point, Point, 

C C 

1.148 (2.227) 

1.490 (2,327) 
1.437 (2,327) 

1.395 (2,327) 
1.374 (2,327) 

1.407 (2 , 327) 
1.306 (2,327) 

1.276 (2,277) 

1.228 (2.277) 
1.172 (2,277) 

1.154 2,230 

1.143 2,230 

1,140 2,230 

1,158 2,230 
1,157 2,230 
1.182 2,225 

< , 



Proptrti«s 

HALIDES (Continué) 

Melting Boiling 
Lattice Constanti, A Point, Point, 

Compound Structure a0 b0 c0 C C 

mi3 

“3 
UI, 

Cel, 

Prl3 
Ndig 

Pml3 

Sml3 
E11I3 

Cdl3 

Tbi^ 

Dy'j 
H0I0 

e,.3 

Tml^ 
Ybl3 

Lul3 

Hexagonal 4.340 

Orthorhombic 14. 0 
Orthorhombic 13.9 

Orthorhombic 13. 988 

Hexagonal 4.415 

Hexagonal 4.383 

Hexago.ial 4,357 

Hexagonal 4.335 

Hexagonal 4.319 

Hexagonal 4.288 

Hexagonal 4.285 

Hexagonal 4.271 

6.960 1,000 

— — 761 
4.4 10.1 752 

4.3 10.0 738 

4.316 9.977 787 

797 
6.97 6 820 

(877) 
" 6.968 926 

" 6.954 (962) 

— 6.958 955 

6.946 1,010 

1,020 
— 6.934 1,015 

6.931 (1,027) 

— 6.930 1,045 

1,307 
1,405 

1,400 

1,380 
1,370 

1,370 
Decomposes 

Decomposes 
1,340 

(1,330) 

1,320 

1,300 
1.280 

1,260 

Decomposes 
1.210 

Compound Structure 
Lattice Constants. A 

*o Co 

MOBr 

LaOBr Tetragonal 4.149 7.359 

Compound 
Lanice Constants, A 

Structure a0 c0 

MOa 

Heat of 

Formation, 

kcal/mole 

YOC1 
LaOCl 
CeOCl 

PrOCl 

NdOCl 
SmOCl 

EuOCl 

GdOa 
Tboa 
DyOCl 
HoOCl 

ErOCl 

Tetragonal 3.903 6.597 
Tetragonal 4.149 7.359 
Tetragonal 4.080 6.831 
Tetragonal 4.051 6.810 

Tetragonal 4.018 6.782 
Tetragonal 3.982 6.721 

Tetragonal 3.965 6.695 

Tetragonal 3.950 6.672 
Tetragonal 3.927 6.645 

Tetragonal 3.911 6.620 
Tetragonal 3.893 6.602 

Tetragonal 3.88 6.58 

242.6 
mm 

242.8 
237.1 

(238) 

234.8 



COMPOUNDS 18 

HALIDES (Continuad) 

Compound Structure 
Un ice Conit jut. A ß. Demit 

»o Cp degree» g/cm: 

MOF 

Y OF 

U OF Cubic 1.132 

CeOF Fcc 5.703 

PrOF Rhombohedral 7.016 

NdOF Rhombohedral 6.953 
a-PmOF Fee 5.5g 

/3-Pm OF Tetragonal 3.95 

SmOF Rhombohedral 6.857 

EuOF Rhombohedral 6.827 

GdOF Rhombohedral 6.800 
TbOF Rhombohedral 6.758 
DyOF Rhombohedral 

5.13 

6.00 

33. 03 6.39 
— 33.04 6.66 

5.58 

— 33,07 7.19 

— 33.05 

33.05 7.51 
— 33.02 

Uttice 
Compound Structure Type 

MOI 

Lattice Comtant», A 

*0 cp 

UOl 
SmOI 

TmOI 

YbOl 

Tetragonal PbFQ 4.144 

Tetragonal PbFQ 4.008 

Tetragonal PbFCl 3.887 

Tetragonal PbFQ 3.870 

9.126 
9.192 

9.166 

9.161 

HYDRIDES 

Compound Structure 
Uttice Constant», A Demit 

g/cm S' 

Heat of 

Formation, 

kcal/mole 

Magnetic 

Suiceptibility. 
10*6 emu/mole 

MH2-MD2 

YHo 

UH2 
Ce 1¾ 

PrHa 

NdHa 

SmHa 
EuD2 
GdHo 

TbHa 
DyH2 

H0H0 

Er ^2 
TmH, 

YbH? 
YbDa 

LuH2 

Fluorite 

Fluorite 

Fluorite 
riuorite 

Otùhorhombic 
Fluorite 

Cubic 

Cubic 

Cubic 

Cubic 

Cubic 

Orthorhombic 

Orthorhombic 

Cubic 

5.205 

5.F.67 

5.581 

5.517 

5.464 
5.374 

6.21 

5.303 

5.246 
5.201 

5.165 

5.123 

5.090 

3 77 7.16 

5.871 

5.033 
561 763 

5.14 

5.43 

5.65 
5.94 

6.52 

7.08 

49, 

33 

47 

44 

46 

46,700 

36,200 

21,870 

Effective 
Magnetic 

Moment. 

Bohr magneton» 

10.6 

9.75 

7.60 



Proporlbi 19 

HYDRIDES (Contint) 

/ 

Compound 

yh3 

YO3 

uh3 
CeH3 

PrH3 

NdH3 
c'dH3 

GdH3 

rbH3 

DyHg 
Ho Ho 

ErH3 
TmRj 

IuH3 

Structure 

Hep 
Hep 

Amo.phcui 

Fluorite 

F!uorue 

Fluorite 
Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 

Hexagonal 
Hexagonal 

Uttice Comtant*. A Detuitv 

»0 5a co i/cma 

Effactivc 
Heat of Magnetic Magnetic 

Formation, SurceptibUity. Moment, 

lieal/mole ^ 10'° emu/mole Botu magneton 

MH3»MD3 

3.672 -- 6.625 

3.659 — 6.566 

. 5.26 

5.55 

. 0.56 

3.762 — 6.779 
3.73 - 6.71 

3.700 — 6.658 

3.671 - 6.615 

3.642 - 6.560 

3.621 — 6.526 

3.599 — 6.469 

3.558 — 6.443 

40.09 
42 26 

39.52 

38.900 

34,900 

21.140 
9.54 

7.47 

NITRIDES 

Compound Structure 

YN Fee 
UN Fee 

CeN Pec 

PrN Pec 

NdN Pec 

SmN Pec 

EuN Pec 

GdN Pee 

TbN Pee 

DyN Pec 

HoN Pec 
ErN Pec 

TmN Pee 

YbN Pee 
LuN Pec 

Unice r .4(V, 
Tyi« «o. A g/ m® 

NaCl 4.877 6.60 

NaCl 5.286 6.73 

Nad 5.02 1.89 

NaCl 5.16 7.467 

Nad 6.151 7.691 
Nad 5.046 8.495 

NaCl 6.014 8.767 

NaCl 4.999 9.105 

NaCl 4.933 9.567 

Nad 4.905 9.5C7 

NaCl 4.87 10.26 
NaCl 4.831 10.26 

NaCl 4.809 10.84 

NaCl 4.78 11.33 

NaCl 4.766 11.59 

Heat of 

Formation, 
heal/ 
mole 

71.5 
72 

78 

Effective 
Magnetic 

Reustivity, Magnetic Moment, 

microhm- Susceptibility, Bohr 

cm 10*® emu/mole magnetoru 

93 

100 

— 433 

no 4,460 3.66 
26 5,850 1.71 

1,125 

-- 35,600 8.2 

- 42.900 9,6 
100 48,900 10.6 
110 47,800 10.3 

79 36,300 9.2 

- 23,600 7.5 

- 7,250 4.8 

/ 
/ 

/ 
I 



20 
COMPOUNDS 

Qxioei 

M«*» d 
Utile« Btnuty. 

Compoumi Sifuc.»» A « W Nr.lAnal, meui 

MO 

SlTlO 

CuO 
riio 

Fee M«CI *, MMi 

N* •* kl« «. u 
IM 
U« I 
IM 

Carapwna 

c«o¡ 

Miwei. i0. A 

Fee \ 41 

M«lung 

Ommn, Hm, 
I/cm* C 

».• I.#» 
'«• «M« 

MuglH'Ut 
cptiNllljr, 

to** «mn/inal« 

MIO 

Cmiipawnd 

N»«i at 
Mtlung F armai mm. 

Milis SlBSÊBk â. ß' Or mit». Forni, kcal Maie 
*0 K» *0 «‘•l»*« |/em* c afmeieJ 

YgOi, Icc 

t-^à, Hep ». »4 
Mcp J. mo — 

FigO, CutMe 10.« 

FtjOj HetagonAl 
NiijOj lieieganel ».Ml 
FrnjOjiA) Hcaagaïul 3.00« 

(!) MomcJIiMc ».g« 
(C) CubK 10. M 

«-»««,03 Monocil nie 
Cubic 10. «0 

a-liigOj Icc 10. FM — 
Manacllnlc 14.0« »Mo 

a<Cd,(^ Cubic 10. TO 
ß-Ott^a^ ManocJink 
TbjOj Occ 10.4« 
DFaOj Occ 10» *3 
HojC^ Occ 10.40 
ItgOj ice 10.41 
Tm*0» Occ 10.48 
VbjOg Bec 10.41 
UgOj Occ 10.34 

0.14 
0.047 

lyW« 
4.0M 
0. T0 »0.4 

0. TOI 100 

4.03 8.410 ItT.TS 
0.41 8.300 814.»» 
“ -1.000 111.44 

T.O 1.800 S10.4 
-* — fIT.» 

1. 84 8.8T0 814. M 
- *• (814.*) 

1.43 
1.« 
1.81 
1.W 
1.41 

1.11 
1.11 
8.34 
1.040 
0.4 
0.8 

8.340 

8.040 

1.340 
8.340 
8.140 

me» 
•e» 

8.340 

1*4.1 
1*4.4 
814. *T 

810.4 
388. m 
384.T| 
884.40 
384.7 
311.44 
384. 4 

ClltclW« 
Magiwik M«gne*it 

IwcwpiibUliy, Mam«m. 
10** emu/mole 4ulw m«gn««am 

4.410 

0.0 
3.4 
3.4 

3, T 
8.4 

I.l 

1.4 

14,400 

1.4 

*,1 
lu. 4 
10.1 
0.4 
1.0 
4.4 
0.0 



Ptopar ti«t 

OKIDIS (C*»»-fN»*4i 

LatiKt » 

I 

MtM of 

Im «I /m<4« 

of it*«al 

Ua|aw«i< 
■ u uku LÉkttÜl M mi ■■MDiiptMiM VI1 # 

IO*4 «Mio/tmoi« 

âÊ&üíAl 

h ,0,, C«hK 1.44*1 

l«|0, CfcitMrtiomfei« l«.Mi II. OM 
Ontw I t*«ho»ti«nb*< I. fl «I. b 

(UtéhO 
r%,o, cahw to. to 

s. MO 
1.01 

0,ff 
0. to 

m,ê 

t, MO 

SO. IM 

PMOlPMrOffS 

Yl 
ur 
C«f 

amr 
(MT 
Tü 
D^ 
Mo» 

■l» 
Tn»r 
Yfc» 

»ce 
fc* 
fee 
Pce 
Ne 
Ht 
Ht 
Pc* 
Pte 
Pce 
Pce 
Pce 
Pce 

«le 
Umec :twc«ftlMlMf. 
Tjrf* tp, A 10** «tiw Ante« 

Iffecti-»«' 
etc 

n*o 
MCI 
MO 
M#0 
MO 
N «O 
NoO 
NoO 
MO 
MO 
MO 
NaO 
MO 

1.009 
0.010 
1.000 

0.ITI 
».OSO 
0.100 
o.ns 
0.010 

0. 004 
0.0I0 
0 « 04 

mus 
0. 0*4 

un 
10.4M 

*4, O'OJ 
91,M# 

10.91« 

1.011 

S.T1 

1,01 
0.M 

10.04 
10.04 

0.09 

1.03 
4.0 
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SÜCMfOC! 

im,!., 

04,1., 

" ' , ,|‘ !l 

îïp •„ »*„ <• i/«** 

Nmi.Ii • ti,, 
m Mtflfeni •< m 

m«< ti*. 

MégllN« 1 k: MgglMlItC 

Siw.^iNJii« Mmmm. 
10*4 .m« /it»o4. 

•r* 

•c« 
CNtiMiilwnüNii 

r«* 

Pm 

TV* **n 
ik,r4 #. ti 

•* ». 4* 
M*a mi 

N*a i. « 

n*o ». « 

I« *4 11.0 

í »! 

1.14 

1.11 
4. M 

1.19 

1.1 I 10* 

I.» « 10* 

1, • > I®* 

1.040 
II. 004 
43. ISO 

M, 000 

1, IW 

1.0 

10.40 

«.«1 

0.1» 

Campo*»* OimTw« 

Unte. DnHart. fttMMIMt,, 
mi,« tufan «cm 

11 m m i a », i I i i 

10-«, 

Mjfc« 

U:j'*0-4 

^»«•o 

*»*•0 
«J^O 
l»nJ»*4 

04,».« 

Be« 
Bcc 

Be« 

Be« 

Be« 

Be« 

Th,*« 0.031 *.41 

■nijO« ». oí* o. io 
fh/ê B.«! 0.00 
Tl»,f« 0.034 1.1» 

TlijO« 0.04 1.33 
111,0« 0.11» 

0.0* 10* 

1.1 ■ 10* 

10.04 

' om pound 

l0|O,l* 
cno,». 

NOjOjS« 

lnt|0,;S. 

OOjO,». 

0,,0, s. 

Ie,OjS. 
10,0,0« 

kriM-twi« 
mm ^wiiWà.A 

14,0,0. 

Hep 4.0» 1.14 

Hep 4.04 1. GO 

Hep 0.01 1.04 

Hep i. »i o.r 
Hep 3. »3 4.03 

Hep 3.30 0.11 

Hep 3.03 0.1« 

Hep 3.01 1.00 
Hep 3.11 0.00 

0.01 
0.00 
«.»0 

1.00 

1.00 

1.3» 

I. »0 
9.30 

Oil«« 
M AJTOOH 

■.if. 

Mm -while 

On, 

».igc 

Ughi gfi, 

Pin* 
Helge 



24 
COMPOUNDS 

Öt/OPfS 

Mru< tutr 
Uni. t 
Typ* 

H**! 0» 
Pon«»« ion, 
huí /mo)* 

Poini, 
C 

VI« 

L»Si 
c«s» 

(kitertK*nlH. C*at 
(kfttortwmki«' Prl 
lktka»tw«nki< Pel 

«.*» 10.42 XU 4,420 

• <i 4.02 0.04 
*2.2 

(«4) 
I.no 

Compmind Smidu«* 

ii^u n • A 

JÉBMC t t*>***m». A fVpurv, Pduii, IcuMivity, Trammon 

T)r^c *0 ho co *^CI" C microhm-cm Tcmp«r»iure, C 

MU ,-443^^ 

•*VWj Otharhombx 
/l-VSij T««ra|an»i 
Ully Tetragon»] 
Co*L Tetragonal 
“-ft ¿2 Cbthorhumbu 
^-ftllg TenagonaJ 
•-HOiSiç Oktnodwmbic 
^-Ndlt, Tetragonal 
•-SmSij tbthortiombic 
^-Smltj Tetragonal 
0-fuS«2 Tetragonal 
■-C«l**j, OrhwhombM 
^-COSlj Tetragonal 
TbSlj Othorhor.ibic 

Heiagonal 
«•DyStj Othorhoinbic 

^-OySlj Tetragonal 
OySlg.,, Hexagonal 

HoSij Orthorhombic 

H°S^.n Hexagonal 
Erltj Hexagonal 

TmSlg Hexagonal 
TbSCj Hexagonal 

luoig Hexagonal 

•*TSij 4.04 
-mij 4.04 

« mig 4.31 
•-m«2 4.n* 

«-TWj 4.23 

«-TTHij 4.140 
*-T% 4.11 

o-Thllg 4.103 

«-YSlj 4.104 
•-ThSlj 4.041 

*-m*5 4.2» 

o-TSlg 4.09 

"-Thltj 4.10 

a* Tilg 4.046 
Delect AlBg 3. »42 
o-T$ig 4.04 

o-ThSlg 4.03 

Defect AlDg 3. 83 
e-YSlg 4.03 

Defect AlBg 3.816 

— 3.78 

— 3.76 
— 3.77 

— 3.74 

3.98 13.23 4.5 
*• 13.14 4.39 

— 13.80 8.0 

13.848 X 45 

4. 40 13. 68 X M 

— 13.65 5. 64 
4.11 13.56 6.¾ 

-• 13.53 6.84 
4.035 13.46 6.13 

— 13.33 6.26 

— 13.66 5.50 
4.01 13.44 6.43 

— 13.61 6.1» 
3.06 13.38 

— 4.146 

3.96 13.34 6.8 

— 13.38 . 6.68 
— 4.11 

3.97 13.40 

— 4.107 

4. 09 

— 4.07 

— 4.10 
— 4.04 

1,520 

1,520 

1,525 

1,500 
1,540 

2,100 

1,550 

236 

408 

202 
349 

263 

540 

-120 

20-150 
• • 

380 
-150 

400 

540 

Compound 

*3*5 
r,d8si5 

Lattice Coniuno. A 
Structure »p c0 

M3SI5 

Hexagonal 3.842 4.104 

Hexagonal 3.877 4.172 

Melting 
Point, C 

1,635 



Prop«rti«i 25 

auciDts (Comttn»*<n 

SULFIDES 

Compound Smictuie Type 

Y5S13 Hexagonal Mn^Sig S. 403 

Lamoe Lenice Contunti. A Dent!tv. Melting 

Tv“ *0 c0 g/cm^ Point. C 

MSSk3 

6.303 4.1)66 1,850 

Lattice 
Compound Structure Type a0, A 

Demlty, 

g/cnj3 

Melting Magnetic 

Point, Retittivity, Sutceptibility, 
C microhm-cm 30"6 emu/mole 

Effective 

Magnetic 

Moment, 

Bohr magnetont 

MS 

YS 
US 

CeS 

PrS 

ivdS 
SmS 

EuS 
CdS 

TbS 

DyS 

HoS 

ErS 

ErS1.18 
TmS 
YbS 

Cubic 
Cubic 

Cubic 

Cubic 

Cubic 

Fee 
Fee 
Cubic 

Fee 
Fee 
Fee 
Cubic 

Cubic 

Fee 
Cubic 

NaCl 
NaCl 

NaCl 

NaC 

Nad 

Nad 

5.466 
5.854 

5.778 
5.747 

5.690 

5.967 

5.970 
5. 574 

5. 517 

5.490 

5.465 
5.424 

5.452 

5.412 
5.673 

4.92 2,060 

5.66 1,970 
5.94 2,450 

6.07 2,230 

6.36 2,200 

5.67 1,500 
5.745 

7.26 

6.75 

6.75 

92 

170 
240 
242 

8.5 X IO4 

100 

281 

2,125 

4,730 
4,370 

5,070 

22,600 

30,300 

35,086 
40, 000 
41,464 

35,088 

21. W)5 

1,450 

4.34 

8.01 

9.63 

10.39 
10.50 

9.50 

7.42 

Compound Structure 
Uttice Conitantt, A Densir 

g/cm: 

Melting Magnetic 
Point, Sutceptibility, 

C 10"® emu/mole 

MS2 

YS2 Tetragonal 7.71 

US2 Cubic 8.20 
Ce $2 Cubic 8.12 

PrSj Cubic 8.08 
NdS2 Cubic 8.04 

SmS2 Cubic 7.87 
GdSj Tetragonal 7.85 

DySj Tetragonal 7.69 

7.89 4.33 1,630 

4.90 1,650 
5.07 1,700 

4.90 1,780 
6.34 1,760 
5.66 1,730 

7.96 5.98 
7.85 6.11 

125 

36.3 
2,286 
4,800 
5,082 

1,238 
21,510 
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COMPOUNDS 

SULFIDES (Continu»^ 

Lattice Constant», A 
Melting Magnetic 

Compound Structure ~71 b "r " , Point, Susceptibility. 
—-- " o degrees g/cmJ t~ m-fi_, . 

S-VoSo 

y-u2s3 

y-Pr9S, 

y-Nd2s3 

y-sm2s3 

Eu2S3 
Eu2s3. 81 
y-Gd2s3 

^-^2¾ 
î-vyzh 

Yb2S3 ' 

Monoclinic 
Cubic 

Cubic 

Cubic 
Cubic 

Cubic 

Tetragonal 
Cubic 
Bcc 

Monodinic 

Monoclinic 
Hexagonal 

10.71 

8.723 
8.635 

8. 611 

8.527 

8.448 

8.415 
7.86 

8.387 

8.292 

10.17 

10.07 

6.784 

Mn Si 

4.02 17.47 

4.02 

4.00 

8. 03 

17.57 

17.33 
18.29 

2 
81.17 3. 87 

4.99 
5.19 

5.27 
5.50 

5.87 

5.70 

6.15 
6.54 

5.75 
6.07 
6.04 

1,600 

2,150 

1.890 

1,795 
2,200 

1,780 

1,885 

1.480 

1,730 

10"6 emu/mole 

83.4 
27.1 

2,520 

4.640 
4,924 

1,020 

5,800 

27,800 
47,700 

38,600 

7,130 

Compound Structure 

U3S4 
¢6384 

Pr3S4 
Nd3S4 

Sm3S4 

Eu3S4 

^4 

Cubic 
Cubic 

Cubic 

Cubic 

Cubic 

Cubic 

Orthorhombic 

Lattice Constants. A 

8. 748 
8.623 

8. 611 
8. 524 

8. 556 

8.537 

12.81 

bo 

m3s4 

12.97 3.84 

Density, 

-Í2- l/l cmd 

5.44 
5. 675 

5.77 

6.02 
6.14 

6.27 

6.71 

Melting 
Point, 

C 

2.100 
2,080 

2,100 

2.040 

1,800 

Magnetic 
Susceptibility, 

10*6 emu/mole 

27.2 

2.160 

4.846 

2,350 
11,500 

4,740 

Compound Sm ture 

Y5S7 

tys5? 
£,587 

Monoclinic 
Monoclinic 
Monoclinic 

Lattice Constants. 

*0 b- r 

12.67 
12.84 
12. 63 

3.81 
3.81 

3.77 

M5S7 

11.45 
11.61 
11.47 

74 
74 

74 

4.18 
6.14 

6.39 

1,630 
1,540 
1,620 

Magnetic 

Susceptibility, 
10 emu/mole 

39,3 



Prop«rti«s 
f. 
i ' 

•i 

SULFIDES (Continued) 

Compound Structure 

Hexagonal 
La2^S Hexagonal 
062¾ S Hexagonal 
Pr^S Hexagonal 

Hexagonal 
Sn^OjS Hexagonal 
Eu2C^S Hexagonal 
Gd202S‘ Hexagonal 

Hexagonal 
DyjO^S Hexagonal 
E^C^S Hexagonal 
Tm2Q2S Hexagonal 
Yh2Q2S Hexagonal 
U^C^S Hexagonal 

Lattice Constants. A Density, 

ao ^o g/cm3 

Melting Magnetic 
Point, Susceptibility, 

C 10*6 emu/mole 

3.78 
4.051 
4.00 
3,974 
3.946 
3.893 
3.87 
3.851 
3. 825 
3.803 
3.760 
3.747 
3.723 
3.709 

M2°2S 

6. 56 
6. 943 
6.82 
6.8LJ 

6.790 
6.717 
6. 68 

6. 667 
6.626 
6.603 
6. 552 
6.538 
6. 503 
6.486 

4.95 
5.73 
5.99 
6.16 
6.47 
6. 90 
7.04 
7.34 
7. 56 
7.84 
7.92 
8. 59 
8.72 
8. 89 

2,120 

1,940 
1,950 

1,990 
1,980 

0 

0 
2,139 

1,020 

TELLURIDES 

Compound Structure 
Lattice Density, 

Typ« »o* A g/cm3 

Melting 
Point, Resistivity, 

C microhm-cm 

Magnetic 
Susceptibility. 

10"® emu/mole 

Effective 
Magnetic 
Moment, 

Bohr magneton* 

MTe 

TrTe 
LaTe 
Cele 
Prte 
NdTe 
SmTe 
EuTe 
GdTe 
TbTe 
DyTe 
HoTe 
ErTe 
TmTe 
YbTe 

Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 

NaCJ 6.080 
Nad 6.422 
Nad 6.359 
Nad 6.322 
Nad 6.249 
Nad 6.58 
Nad 6.585 
Nad 6.139 
Nad 6.101 
Nad 6.075 
Nad 6.049 
Nad 6.021 

82 1,725 

1,920 

1,870 

1. 5 X 1011 

200 

40 

1.64 X 109 

700 

140 

Fee Nad 6.39 1,740 7 X 109 

4,292 

26,042 

38,760 

45.977 

48,780 

34,966 

26,C.i 

7.63 

9.57 

10.47 

10.50 

9.30 
7.63 
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COMPOUNDS 

TELLURIDES (Contim »d) 

Compound Structure 

LaTe2 

CeTe2 
PrTes 
NdT^ 

GdTeg 

°y Tea 

Tetragonal 
Tetragonal 

Tetragonal 

Tetragonal 
Tetragonal 

Tetragonal 

Lanice 
Type 

Fe2A» 
Fe2As 

Fe^As 

Fc2As 

Fe^As 
Fe2Ai 

lanice Constants, 

an c 

4.53 
4.51 

4.46 
4.41 

9.10 

4.29 

MTeo 

9.22 

9.10 
9.05 
9.04 

9.30 
8.91 

Density, 

g/cnr 

6.97 
7.06 

6.8 

Melting 

Point, 
C 

Resistivity, 

microhm-cm 

1.&35 6.6 X 106 

5.5 X 104 

Compound Structure 

Y2Te3 

Ce2Te3 
PtoTcij 

Nd2Te3 

SmoTeo 

Gd2Te3 

Er2Te3 
Yb2Te3 

lanice Constants. A Densit 

Orthorhombic 
Bee 
Tetragonal 

9.536 

9.482 
12.12 
9.480 

M2Te3 

11.93 4.37 

3¿ cm f 

6.6 
6.6 

6,65 
7.11 

Melting 
Point, 

C 

1,525 

1,650 

(1.475) 

1,505 

Resistivity, 

microhm-cm 

10' 

1.1 X 104 

1.1 X 103 

1.5 X 104 

1.1 X 103 
107 

Compound Structure 
Lattice 
Type 

Density, 

g/cm3 

Melting 
Point, 

C 
Resistivity, 

microhm-cm 

1*3 Te4 

Ce3Te4 
Nd3Te4 

Gd,Te. 

Er3Te4 

Bcc 

Bcc 

Bcc 

Ce2S3 
Th3P4 
Th3p4 

M3Te4 

9.619 

9.528 
9.438 

6.65 

6.7 

6.8 

1,695 

1,685 

1,410 

1.8 X 103 
350 

460 

3.1 X 103 

280 
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Propartiss 

TELLURIDES (Conti,, en) 

29 

Compound Structure 

L^C^Te Hexagonal 
CejC^Te Hexagonal 

Pr2°2Te Hexagonal 
Hexagonal 

Hexagonal 

Eu2°2Te Hexagonal 
(3¾¾ T® Hexagonal 

^2¾ T* Hexagonal 

Lattice Constants, A 

4.12 
4.09 
4.06 
4.03 
4.00 
3.98 
3.96 
3.92 

13.10 
12.92 
12.83 
12.77 
12.61 
12.57 
12.54 
12.38 

Density, 

g/cm3 

6.36 
6.64 

7.18 
7.58 
7.74 
8.0 

8.46 

Color 

Dark green 

Maroon 

Light green 
Green 

Dark green 
Maroon 
Brown 

Maroon 

Compound Structure 

Other Tellur id es 

Lattice Constants. A 

LaTe3 

La4Te7 

GdTe4 

Tetragonal 

Orthorhombic 

Rhombohedral 
4.483 

26.14 
9.142 

a, 
degrees 

25.5 

Density, 

g/cm3 

6.92 

Melting 

Point, 
C 

835 



Yttrium 
31 

yttrium 

WEICHT P» «HT ALUMINUM 

Aluminum (1) 

(PeimíMion of U. S. AEQ 

(Permiltion of U. S. AEC) 
Carbon (2) 
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32 
PHASE DIAGRAMS 

WEIGHT PT» «HT CHEOMIUM 

Cerium (1) 

(Permission of U. S. AEC) 

Cobalt (27) 
Copper (i) 

(Permission of U. S. AEC) 



T
em

p
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u
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, 
°C

 

Yttrium 33 

Atomic Per Cent Er 

Weight Per Cent Er Gadolinium (i) 

(Permiuion of U. S. AEG) 

Erbium (3) 

wuoht m cm htdhoow 

Hafnium (1) 

(Perulation of U. S. AEQ 
Hydrogen (1) 

perminlon of U. S. AEG) 



PHASE DIAGRAMS 

Iron (1) 
(Permission of U. S. AEG) 

«UOMT rucsirr tttuum 

WEICHt rtc CEHT lUOMiniU 

Atomic Pw Ctnf Mn 

Manganese (4) 

Magnesium (1) 
(Permission of U. S. AEG) 



Yttrium 35 

■ HÖHT ru CUT MOLTtOCm.'' 

Molybdenum (1) 

(Permisiion of U. S. AEC) 

Neodymium (5) 

«laOHT ru CUT moaiux 

Nickel (1) 

(Permiuion of U. S. AEQ 
Niobium (1) 

(Permission of U. S. AEC) 



36 PHASE DIAGRAMS 

WEICHT PC» CENT EHENIUM 

^ygen (6) Rhenium (1) 
(Permistión of U. S. AEC) 

Wt % Y 
■ EIGHT Pt« GEHT EIUCON 

Scandium (28) 
(Permission of Metallurgical Society AIME) 

Silicon (1) 
(Permission of U. S. AEC) 



Yttrium 37 

WEIGHT PEE CENT TANTALUM 

Weight Per Cent Y 

Silver (144) 

(Permission of Metallurgical Society AIME) 

T anuiu m (1) 

(Permission of U. S. AEG) 

Atomic Per Cent Tin 

Thorium (1) 
(Permission of U. S. AEG) 

Tin (7) 
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38 
PHASE DIAGRAMS 

WEICHT PC* GEHT TITANIUM 

ATOMIC PER CENT TITANIUM 

Titanium (1) 

(Permisión of U. S. AEG) 

■UOMt m CCXT VAMAEaUM 

Vanadium (1) 

(Permission of U. S. AEG) 

Wolfram (1) 

(Permission of U. S. AEQ 

-T f T^ ¥ ¥ 

Zinc (8) 



Yttrium 39 

WEIGHT PEE GEHT ZIRCONIUM 

two 10 10 MU VO M >0 00 W 

Zirconium (1) 
(Permüsion of U. S. AEC) 

(Permüsion of Americsn Ceramic Society) 

Mol* : roction £¿|S 

YFg-NaP 
(Permission of Gordon and Breach, 

Science Publishers, Inc. ) 

Yttrium-Sulfur-Calcium (12) 



40 PHASE DIAGRAMS 

P«r Ctnt SiO, 

Y203-Si02 (1¾ 

Y2°3-ZK32 (15) 

Y2°3-W03 <14) 
(Reprinted from Int^ganic Chemiitrvl 

Yj^s'AljOa-SiOj (9) 

c 

Ynriu.n -Uramuir. -r»rt>on il 1500 t, (2) 



Yttrium 41 

600 °C 

900 °C 

1100*0 

I250*C 

Yltrtum*Iron-Chromium (4) 



42 PHASE DIAGRAMS 

LANTHANUM 

WCIOHT na CENT ALUMINUM «1MNT AAA CENT ANTIMOMT 

Aluminum ;i) 
(Permisilon of U. S. AEG) 

Antimony (1) 
(Permiiiion of U. S. AEG) 

«EIGHT KE CENT CAEBON 

Carbon (1) 
(Permiiiion of U. S. AEG) 

Boron (178) 
(toprinud from J dlflll of ftatSU 



P"T w T mm 

Lanthanum 43 

WEIGHT FEE CENT CALCIUM WEIGHT PEE CENT LANTHANUM 

Calcium (1) 
(PermiMion of U. S. AEG) 

Chromium (16) 

WEIGHT FIE CENT CONFIE 

Copp« (1) 
(Petmillion of U. tí. AEC) 

Cerium (1) 
(Permistión of U. S. AEC) 

WEIGHT FEE CENT GAOOUHIUM 

Gadolinium (1) 
(Permliiion of U. S. AEG) 

a 



PHASE DIAGRAMS 

vDoarr m amt laut haw um 

Gold (1) 
(Permlision of U. S. AEG) 

WEIGHT WEE CENT HYDEOCCN 

Hydrogen (1) 
(Permission of U. S. AEG) 

wookt no can uumuirau 

Complete Diagrsm 

Iron (1) 
(Permission of U. 8. AEG) 

Partial Diagram - Iran-Rich Region 



LontKanum 

Lead (l) 
(Permisdon of o. s. AEC) 

M*gneiium (i) 
(Permiliion of u, s. AEc) 

Manganeie (1) 
(Permiliion oí U. S. AEQ 

Weight Ptr cant Nd 
40 « 80 

0 5 55" «0-» 

Atomic Par Cant Nd 

Neodymium (4) 



46 PHASE DIAGRAMS 

WEICHT TU CENT NICKEL 

Nickel (1) 

(Permission of U. S. ABC) 

WEIGHT NEK CENT LANTHANUM 

Niobium (1) 
(Permission of U. S. ABC) 

Plutonium (17) 

Silver (1) 
(Permission of U. S. ABC) 
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T T 

Lanthanum 

Tellurium (18) 

(Permiuion of Gordon and Breach, Science Publishers, Inc.) 

Tin (1) 

(Permiuion of U. s. AEG) 

47 

VSJOKT Pta CCMT TMAL.UUM 

Titanium (1) 

(Permiuion of U. S. AEQ 

I 
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48 
PHASE DIAGRAMS 

m corr uumumni 

Vanadium (1) 
(Permiation of U. S. AEC) 

LaaOa-AlaOa (18) 

U203-Be0 (20) 

( 



Lanthanum 49 

Weight Per Cent Lo203 Weight Per Cent La203 
0 *n A'r 5. |n Argon 

UgOs-CrçOs (21) 

Mol» °»f C«nt Lj,Oj 

UzOs-MgP (2¾ 

La203-HfÖ2 (£2) 

UaOg-T^ (25) 
(PermiuJon of American Ceramic Society) 



50 

ë 
3 

w 
a 
a 
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L0t0, 

COMPOSITION,MOLE % 

LajOg - Rixe-Etrth Oxidei (26) 
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Lanthanum 
51 

La 

Weight Per Cent V 

Unthânum - Vtiudlum -Tluntum et MO C (4) 

AI 

Weight Per Cent La 

Unthamim-Aluminum-Tiunium at 600 C (4) 

Lanthanum-Cactum-SUvar (4) 



PH ASI OlAOt AMS 



Chiorniutn (1) 
(PaiiiáMáM <if U. S. AEC) 

Cobâlt (I) 
(Permisión ai U. 8. AEC) 

•CM»? ru tun corru 

CopjKf (1) 
(Pertniition oí U. 8. AEQ 

Gadolinium {28) 

\ 

laAi Jk 



54 PHASE DIAGRAMS 

Cold (1) 
(Pcrrruwioci of U. 3. AEC) 

■(um **» cam awMiM 

Iron (1) 
(P er ml «ion of U. 8. AEC) 

Lead (1) 
(PermlMion of U. 8. AEC) 



C*ríwm 

Migneilum (1) 
(Penn tu Ion oí u. f. a£C) Nickel (1) 

(PennlulonoíU. 3. ABC) 
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PHASi DIAGRAMS 

1 

VtItMT rt I CK NI rUJ rOHIUM 

Niobium (1) 
(Pexnüteion et L!. S. AEC) 

Plutonium (1) 
(PerimMloti af U S. AEQ 

Atomic Per Cent Ce 

Ruthenium (31) 
Sc nullum (32) 



C«r ¡um 57 

rt* cwt auuM 

SilVM (1) 
(PermiMlon of U. S AEC) 

Atomic P#f Ctnt S 
to 40 *0 00011 

» 
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58 PHASE DIAGRAMS 

• uowT na c*»t tMouuu «umi na cut im 

Thorium (1) 
(PermlHlon oí U. S. AEC) 

Tin (1) 
(Perminion oí U, S. AEQ 

■immt nacaarciawn 

Ttunium (1) 
(Permlition of U S. AEQ 

Wtlght Per Cent U 

Ai 

Uranium (4) 
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59 

2400 
L,+ L. 

2000 

•«00 

•200 

0.2-0.3% 

► 

V 4. L, 

V + 8-c*, 

least io« 

•oo r 81015* 

7051 3* 

400 

200 
•0 20 30 40 30 
Weight Per Cent Ce 

Vanadium (33) 

CeOg-ZiOz (37) 

a - cu*« mmw 

Ce02-Be0-Zr02 C37) 

Zinc (1) 

(Permlwion ofu.S. AEQ 

C erluin-Alu mi num-Copper (34) 
Isothermal Section at 500*0 

L «4 
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PHASE DIAGRAMS 

Cerium-Aluminum-Titanium (4) 
Cerium-Vanadium-Titanium (4) 

M« Mg 

Cerlum-Magneilum-Aluminum (4) 

Cerium-Cobalt-Iron (4) 

■ 



Dt 

Cwium-Cobalt-Plutoiilum (4) 

Wt.gM P«r C«nt C« 

o L.qu.dxi Sutfoct „ c», 0, 5so.c 

Cerium-Magiitsium-Manganese (4) 

M« 

Cerium-Magnesium-Zinc (4) 



62 PHASE DIAGRAMS 

PRASEODYMIUM 

■ UOHT m LINT aluminum » LIGHT ALL CLWT COVt'LA 

Copper (1) 
(Permisiion of U. S. AEG) 

Aluminum (1) 
(Permillion of U. S. AEC) 

Gallium (1) 
(Permiision of U. S. AEC) 
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Praseodymium 63 

«EUIMT »• CUÎ LL AU 

U*d (1) 
(PermiKion of U. S. AEC) 

MA^neilum (1) 
(PeimUilon cf U. S. AEC) 

Atomic Per Cent Nd 
o so «o eo eo too 

Neodymium (35) Nickel (1) 

(Pemiidon oí U. S. AEC) 

t 
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PHASE diagrams 

Silver (1) 
(Permiirlon of U. s. AEG) Thallium (1) 

(PermiMionofU. S. AEG) 

' Tin (1) 
(Permiiiion of U. S. AEG) 



Neodymium 65 

NEODYMIUM 

Aluminum (3G) 

Scandium (5) 
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66 PHASE DIAGRAMS 

Atomic Per Cent Nd 
2 3 4 3 6 7 

Titanium (40) 

(Permittion ai Elievler Publishing Co.) 

NdsOg-SlOg (41) 
(Permiaion of American Ceramic Society) 

NdjOa-UOa (37) Nd203-Zi02 (37) 
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Neodymium 67 

*1,0, t«,o. 

n°, vs0» 

COMPOSITION,MOLE % 

Nd203 - Rare-Earth Oxide* (26) 
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68 PHASE DIAGRAMS 

SAMARIUM 

Aluminum (214) Chromiun (214) 

Copper (214) Iron (214) 

Nickel (214) Silicon (214) 
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Su mar km 69 

Silver (144) 
(Pcrmífííon of Metallurgical Society AIMt) 

Zirconium (214) 51^03^1203 (37) 

SmsOa-BeO (3^ 
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PHASE DIAGRAMS 
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»".O. t',0, 

COMPOSITION,MOLE % 

811)203 - Raie-Evth Oxides (26) 
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Europium 71 

K 

EUROPIUM 

Eu203‘^°3 (42) 

eyi°» H^O, 

1650 

I 
j •••♦C»«] c»l 

! ! 
» < I_i .,1.k-1 -J-I- 

0 to 40 40 60 100 

E-,0, ir.O, 

COMPOSITION, MOLE % 

EujOs - Rare-Earth Oxldei (26) 
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PHASE DIAGRAMS 

GADOLINIUM 

Aluminum (214) 

GADOLINIUM, atomic percent 

ATOMIC FUI CHIT COFALT C. 

.* 

Cobalt (1) 
(Permiiiion of Ú. S. AEQ 

Copper (214) 

O 20 40 60 SO 100 

Weight Per Cent Er 

Erbium (44) 
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Gadolinium 73 

• t-IGHT PCM CCMT HVDMOCCM 

WUCHT PCM CCMT iMOM 

Iron (1) 

Hydrogen (1) (PcrmUsion ofU. S A EC) 

(Permission of U. S. AEG) \ 

»»»»' nitm MumAmu 

Manganese (274) 

Magnesium (2¾ 

N 
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74 PHASE DIAGRAMS 

Nickel (45) 

SILICON («* %) 

Silicon (214) 

«mm ru cnt titmuu«. 

Terbium (44) 

Vanadium (214) 



Gadolinium 75 

WUCHT PE» GEHT EIECOMiUM 

o»ax to utaneamm 
Wj Mole Per Cent Gd203 6<,t°* 

Gtl203'A1203 (37) 

GdgOß-BeO (37) 

2400 

2200 

GdjOj-P^Og (10) 
(PermUslon of American Ceramic Society) 

2Gd2033S¡02+L 

Gd203Si02 V GdjOsaSiOj 

1600 

Gd¿0£i02-t- 
ZGd^aSSiOj 

GdrfJ^O,-» 50,0^5,0,12; 3+^ 

5 : Gd,Os+ Gd,0^i0,^t 

■1—1 I-L 

6(^0525102 

+ S¡02 
* V- w c 

3t/ GdjOjíSiO, 
20 40 

GWÓ, 
26di0s3Si0j 

Mole Per Cent Si02 

Gcl203-Si02 (46) 

100 
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76 PHASE DIAGRAMS 

1690 

G,,l0J Dyt0^ 

1690 

J-1-1—L 
20 40 

J-1_I_L 
60 60 

*.o. 
100 

*1°. 
x*°»\ 
1,0,/1 °»«0»' n**. T",0.. Vbt0,. Lu,0, 

COMPOSITION,MOLE % 

Gd2C>3 - Rare-Earth Oxides (26) 
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Dysprosium 
77 

DYSPROSIUM 

Aluminum (214) 

1900 
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Cobalt (47) 
(Permisiion of Gordon and Breach, Science Publishers, Inc, 

Chromium (214) 

Iron (214) 
Nickel (214) 



PHASE DIAGRAMS 

Atomic Per Cent Holmium 
002 004 006 

0.02 0.06 0.10 014 
Weight Per Cent Holmium 

020 

Copper (48) 
(Permission of Metallurgical Society AIME) 

wnoNT rm cun uuccwium 

HOLMIUM 
Atomic Per Cent Holmium 

Gold (48) 
(Permisión of Metallurgical Society AIME) 



Holmium/Erbium 79 

Atomic Per Cent Holmium 

Silver (48) 

(Perrniiiion of Metallurgical Society AIME) 

ERBIUM 

AIOMKraiCCMTCOaALT Cm 

Cotialt (1) 
{PermiMion of U. S. AEC) 
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80 PHASE DIAGRAMS 

WEIGHT PEA GEHT COPPER 

Copper (1) 
(Permistión of U. S. AEG) 

Iron (214) 

Nlrlrel (214) 

Weight Percent Rere Earth Seaquloxlde 

Niobium (53) Oxygen (50) 
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Erbium 81 

Weight Per Cent Sc 
0 10 20 30 40 50 60 100 

Scandium (32) 

Tantalum (50) 

Silicon (214) 

WEIGHT PER CENT 11N 

Tin (1) 
(Permistión of U. S. AEG) 
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82 
PHASE DIAGRAMS 

WEIGHT Pt« CENT TITANIUM 

WEIGHT PE* CENT VANADIUM 

Titanium (1) 
(Permistión of U. S. AEG) 

Vanadium (1) 
(Permission of U, S. AEG) 

WEIGHT PE* CENT IUCOMUM WUCHT PE* CENT USCOMIUM 

ATOMIC 1-ta CENT UECOMUM 

b. Complete Diagram. 

Zirconium (1) 
(Permission of U. S. APQ 

- ■ 
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Ytterbium 

83 

YTTERBIUM 

. Beryllium (4¾ 

Antimony (273) 

MUMM 

Gold (272) 

. >9 4 
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Symbol Y 

YTTRIUM 

Atomic Number 39 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization (25 C) 

Vapor Pressure 
(1780-2185 K) 

28-70 ppm (approx. 28) 

4. 472 g/cm^ 

1509 C 

4. 1 kcal/mole 

2927 C 

93 kcal/mole 

L°g P(mm Hg) 8. 836 
20685 

T 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal Expansion 
(20-897 C) 

Thermal Conductivity 
(28 C) 

Heat of Sublimation 

Cohesive Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

Surface Tension 

o. 01 cal/(mole)(C) 

227. 72 kcal/g-atom 

10.8 X 10-6/C 

0. 035 cal/(cm2)(sec)(C/cm) 

84. 71 kcal/mole 

103 kcal/mole 

3. 3 ev 

Atomic Weight 88.92 

Authority 

51 

67 

66 

52 

57 

57 

60 

53 

134 

61 

54 

59 

89 

75 
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yttrium 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Ionic Radius (Trivalent Ion) 

Closest Approach of Atoms 

Allotropie Modifications 

CHEMICAL PROPERTIES 

HCP 

a0 = 3. 6474 
c0 = 5.7306 

4.472 

1.801 

19.886 

1460 C 

BCC 

a0 = 4. 11 A 
A 

4. 25 g/cm^ 

1.83 A 

" cm3/mole 

1.18 kcal/mole 

0.88 A 

3.59 A 

Authori 111 

61 

61 

67 

67 

65 

66 

61 

55 

56 

Stable Oxidation State +3 

Electrode Potential 
58 

Ionization Potential 

Metallographie Polishing 
and Etching 

Corrosion Rates 
(In Air) 

Corrosion Öata 

ELECTRICAL PROPERTIES 

Quite resistant to corrosian and may be 
sectioned, mounted and polished by 
conventional technique s. Recommended 
etchant: 5% HF, 5% HNO3, 90% 
diethylene glycol. 

82 

62 

<1 mil/year up to 200 C 
13 mil/year at 400 C 
600 mil/year at 600 C 

Improves oxidation resistance of Fe-Cr 
alloys up to 1260 C. 

Resistivity (25 C) 

1't. 
Temperature Coefficient 
1 ^ Resistivity (25 Q 

64. 9 microhm-cm 

2. 71 X 10~3/ç 

61 

63 

I 

.* 



Properties g/ 

Authority 

MACHETIC PROPERTIES 

Susceptibility (25 C) 191 x 10“^ emu/mole 61 

Effective Magnetic Moment Theoretical - 0.00 Bohr Magnetons 61 
Measured - 0.67 Bohn Magnetons 

Curie Temperature None 61 

Neel Temperature None 61 

MECHANICAL PROPERTIES 

Young's Modulus 6.63 x 10** dynes/cm^ 64 

Shear Modulus 2.62 x '0** dynes/cm^ 64 

Poisson's Ratio 0.265 64 

Compressibility 2.09 x 10“^ cm^/kg 64 

Hardness 38 DPH 57 

Tensile Strength (70 F) 22.0xl03psi 72 

Yield Strength (70 F) 9.7 x 103 psi 72 

Elongation (70 F) 25 per cent 72 

Ultimate Compressive 113.8 x 103 psi 65 
Strength 

Impact Strength (Izod) 1. 50 ft-lb 71 

Workability Good 88 

General Fabrication See references 70,72,113 

Noce: Room -temperature mechanical propertie* depend on oxygen cornent. 
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YTTRIUM 

NUCLEAR PROPERTIES 

Isotopes 

Whole Relative 
Number Abundance, 
Mass per cent 

87 

88 

89 100 

90 

91 

92 

93 

94 

95 

97 

Authority 

58 

Half ife 

80 hr 
14 hr 

2 hr 
104 days 

Stable 

60-72 hr 

57 days 
51 min 

3.5 hr 

10 hr 

20 min 

<3 hr 

Decay 
Mode 

K 
7. e“ 

ß+ 
ß+, 7 

ß~ 

ß~ 
7, e" 

ß~> 7 

ß~> 7 

ß~> 7 

ß- 

Short ß 

Thermai-Neutron 
Cross Section 

1. 38 A 0. 14 barna/atom, or 
0.0094 cm2/g 

SAFETY 

Toxicity: Not classed as an industrial poison; sparse physiological data. 

Fire hazard: Fine turnings and powders should be handled with care as 
they ignite easily and burn with intense heat; should be 
gathered and stored under an oil having a high flash point. 

THERMODYNAMIC PROPERTIES 

Entropy 

Heat Capacity 

Room Temperature 

S298 = 11 •0 

-p298 = 6. 01 

Melting Point 

®1773 = 22" ^ fiu 

Cp 1773 = 7.49 cal/(mole)(C) 

73 

65 

76,77 
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Thermodynamic Functions of Yttrium, 
joules / (g-atom)(K) 

T, K Cp S° 

5 0.06 0.064 
10 0.23 0.150 
15 0.79 0.322 

20 1.89 0.693 

30 5.29 2,063 
40 8.95 4.121 
50 12.19 6.478 

60 14.80 8.953 

70 16.84 11.398 

80 18.43 13.757 
90 19.71 16.006 

,. 100 20.71 18.136 
120 22.14 22.054 

14 0 23.17 25.541 

160 23.98 28.686 

180 24.63 31.547 
200 25.10 34.169 

220 25.46 36.577 
240 25.78 38.805 

260 26.05 40.880 
273.15 26.24 42.169 

280 26.31 42.820 
298.15 26.52 44.476 

300 26.54 44.643 
320 26.74 46.362 

340 26.92 47.989 

íh0-h£)/t 

0.026 

0.081 
0.197 

0.476 
1.479 

2.892 
4.439 
5.965 

7.379 
8.664 

9.822 

10.862 
12.631 

14.065 

15,255 

16.259 

17.122 
17.862 

18.508 

19,079 
19.422 

19.587 
20.005 
20,043 

20.455 
20.830 

(-F°-H£)/T 

0.038 
0.069 

0.125 
0.217 
0.584 
1.229 

2.039 
2.988 
4.019 

5.093 

6.184 

7.274 
9.423 

11.476 

13.431 

15.288 

17.057 
18.715 

20.297 
21.801 
22.747 

23.233 

24.471 
24.640 

25.907 
27,159 

Authority 

79 

Heat Content and Entropy of Solid and Liquid Yttrium 
(Base: crystals at 298. 15 K) 

T, K cal/mole 
ST'S298.15> 
cal/(KXmole) 

HT-^gs.is. 
T, K cal/mole 

400 615 1.78 
500 1,235 3.15 
600 1,860 4,29 

700 2,495 5.27 

800 3,140 6.14 

900 3,800 6.91 
1000 4,465 7.61 
1100 5,140 8.26 

1200 5,830 8.86 

1300 6,525 9.41 
1400 7,235 9.94 

1500 7,955 10.43 

1600 8,680 
1700 9,420 

1773(8) 9,960 
1773(1) 14,060 
1800 14,280 

1900 15,080 

2000 15,880 
2200 17,480 
2400 19,080 

2600 20,680 
2800 22,280 

3000 23,880 

®T_S298.15» 
cal/(KXmole) 

10.90 
11.35 

11.66 
13.97 

14.10 
14.53 
14.94 
15.70 
16.40 

17.04 

17.63 
18.18 

For solid yttrium: 
Ht-H298.i5*5.72T+ 0.50 X lO*3!2 - 1,750 

(0.2 percent; 298’ - 1,773¾.) 

Cp” 5.72+ 1.00 X 10‘3T 

AHi773 (fusion) ■ 4,100. 

For liquid yttrium: 
HT'H298.15=8.00T - 120 (0.1 percent; 

1,773^- 3,000* K.); 

Cp = 8. 00. 

77 
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Heat Content and Entropy of Gaseous Yttrium 
(Base: ideal gas at 298. 15 K) 

hT‘h298. 15* 
T. K cal/mole 

ST'S298.1.5- 
cal/(KXmole) 

hT‘h298. 15. 
Tj K cal/mole 

400 

500 

600 

700 

800 

900 

1,000 
1,100 
1,200 
1,300 
1,400 

1,500 

1,600 
1,700 

1,800 

625 

1,220 

1,790 
2,350 

2,890 
3,425 

3,955 

4,475 

4,995 

5,510 

6,025 

6,535 
7,050 

7,560 

8,075 

1,80 

3,13 

4.17 

5.03 

5,76 

6.39 
6,94 

7,44 

7.89 
8.31 

8.69 
9,04 
9.37 

9.68 

9.98 

1,900 8,595 

2,000 9,115 

2,200 10,175 

2,400 11,270 

2,600 12,415 
2,800 13,620 

3,000 14,395 
3.500 18,475 

4,000 22,655 

4.500 27,390 

5,000 32,560 
6,000 43,665 
7,000 54,665 
8,000 65,370 

For gaseous yttrium: 

Ht-h298.15* 2.77T+ 0.74x 10-%2 -2.64x 10%-1 - 6 (0.7 percent; 3,000 

Cp = 2.77 + 1.48 X 10-% + 2.64 X lO5!*2. 

%-5298. 15. 
cal/(KXmole} 

10.26 

10.52 
11,03 

11.50 

11.96 
12.41 

12.85 

13.95 

15.06 
16.18 

17.27 
19.27 

20,98 
22.42 

* - 6,000*K.); 

YTTRIUM 
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Prop«rti«i 

Antimonides 

Structure 

Lattice Type 

äq j A 

Melting Point, C 

Resistivity, microhm 

Arsenides 

Lattice Type 

a0, A 

Beryllides 

Structure 

Lattice Type 

ao, A 

Heat of Vaporization, 
kcal/mole 

Dissociatic Rate, 
g/(cm2K¿ec) 

91 

YTTRIUM COMPOUNDS 

YSb 

Cubic 

N .Cl 

6. 16 

1925 

cm 65 

YAs 

NaCl 

5.805 

YBe13 

Cubic 

NaZni3 

10.238 

75.0 

Authority 

162,168 

169 

146,161 

3. 63 X 10"7 at 1040 C 
3. 01 X 10-5 at 1290 C 
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YTTRIUM COMPOUNDS 

Bismuthides 

Y Bi 

Structure Cubic 

Lattice Type NaCl 

ao* A 6.23 

Authority 

162,168 

Resistivity, microhm-cm 196 

Borides 

Molecular Weight 

153, 154,, 
155,171 

YB2_ yb3 YB4 YB6 YB12 YB70 

110.56 121.28 132.20 153.84 218.56 846.32 

Structure 

ao ’ A 

Cq > A 

Density, g/cm3 

Heat of Formation 
kcal/mole 

Hexag- Tetrag- Tetrag- Cubic Cubic Tetrag¬ 
onal onal onal onal 

3.298 3.78 

3.843 3.55 

2.91 3.97 

7.111 4.113 7.500 11.75 

4.017 - .. 12.62 

4.36 3.76 3.44 

24 

Melting Point, C 2100 

Resistivity, 39 
microhm-cm 

2800 2300 (2200) (2000) 

28.5 40.0 94.8 

Temperature 
Coefficient of 
Resistivity, 
10-6/c 

Coefficient of 
Thermal Expan¬ 
sion, 10“6/c 

Thermal Conduc¬ 
tivity, cal/ 
(cm)(sec)(C) 

6.24 

0.070 

(Continued) 
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Authority 

Borides (Continued) 

yb2 

Effective Magnetic Moment, 
Bohr magnetons 

Work Function, e 

Microhardness, 
kg/mm2 

Color 

yb3 yb4 yb6 yb12 yb70 

0.0 

2.22 

3264 

Gray Blue 
brown violet 

Emissivity at 1500 C 
(X = C. 655 ji), C 

Metallic Radius, A 

Carbides 

Molecular Weight 

Structure 

Lattice Type 

a0> A 

co> A 

Density, g/cm^ 

Melting Point, C 

Resistivity, microhm-cm 

Coefficient of Thermal 
Expansion, 10“^/C 

Microhardness, 
kg/mm2 

Emissivity (X = 0. 653 /i) 
1100 C 
1800 C 

0.7 

2. 18 

148,153 

YC YCz Y2C3 Y 3C 

100.92 112.92 213.84 278.76 

Tetragonal -- Cubic 

CaC2 

-- 3.664 

6.169 

4. 528 

1950 2300 

4. 54 X 104 88.7 

1.36 

Fe4N 

5.102 

5.41 

1800 

3.5xl02 -- 

120 700 900 

0.81 0.87 0.78 
0.81 0.73 0.91 
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YTTRIUM COMPOUNDS 

Authority 

Germanides 

Structure 

a0, A 

c0> A 

Halides 

YGe2 

Imperfect 

3. 96 

4. 14 

170 

58,108,147, 
157,158,159, 
207,208,209, 
211,210 

Structure 

ß, deg 

Density, g/cm3 

Heat of Forma¬ 
tion, kcal/ 
mole 

Entropy of 
Formation, eu 

Melting Point, C 

Heat of Fusion, 
kcal/mole 

Entropy of 
Fusion, eu 

YBr^ YCI3 

Hexag- Mono- 
onal clinic 

4.102 11.94 

6.399 

111.0 

239.16 

(59) 

904 700 

9 9 

8 9 

YF3 YI3 

Ortho- Hexag- 
rhombic onal 

Cubic 

6. 353 4.340 
(orth.) 

5. 644 
(cubic ) 

6.850 

4.393 6.960 

5.069 

148 

4 

1148 1000 

13 12 

8 9 

YOGI YOF 

Tetrag¬ 
onal 

3.903 -- 

6.597 -- 

5.13 

(Continued) 
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Authority 

Halides (Continued) 

YBr 3 YCI3 YF3 YI3 YOGI YOF 

Boiling Point, 
C 

1463 1507 2227 1307 

Heat of Vapori¬ 
zation, 
kcal/mole 

Entropy of 
Vaporization, 
eu 

44 45 60 

25 25 24 

41 

26 

Refractive Index 

Thermodynamic Dita 
212 

Glatner hai supplied ln ANL-5750 the following equations for calculating thermodynamic quantities. The reactions 
concerned and the constants for use In these equations are tabulated. 

ACp * Aa + (Ab X 10*3)T + (Ac x lO'8)!2 + 

Ah - AHp298 * (Aa)T ♦ j (Ab x lO*3)!® ♦ j (Ac x ID'8)!3 - f 1¾8) + 

AS « (2.303 Aa)LogT + (Ab x 10'3)T+j (Ac x 10'^T2 - - Ab 

AF - AHp298 * * (2.303 Aa)TlogT (Ab x lO*3)!® - j (Ac x lO'8)!3 - * 10!^ -tA(B - a)- AA . 

Reaction_ 
Y (a) ♦ I r¿(,) « YFj(.) 

Y(.)*|ï2(8>= YFjII) 

y(I) + |r2(g) = Yfjd) 

Y(l) »iFzlg) * YFj(g) 

Y(.) + I Cl2(g> = YClj(a) 

Y(aM-|ci2(g) = YCij(l) 

Y(.) + I Cl2(g) - YClj(g) 

Temper¬ 
atura -AHF29g, 

Ranee. K kcal/mole 
198-1660 Ï97 

1660-1750 

1750-2300 

2300-2500 

298-973 235 

973-1725 

1725-2500 

-AF29g, 
kcal /mole ha 01» 

380 1.4 8.3 

14.0 -2.9 

12.1 -0.7 

0.1 -0.7 

219 1.5 11.6 

14.3 -2.6 

1.3 -2.6 

Ac 

AA, 
Ad kcal/mole 
1.2 -0.375 

1.2 7.141 

1.2 3 097 

1.2 84.90 

1.0 -0.619 

1 0 2.650 

1.0 70 08 

-AB, 
eu -A(B-a) 

65 4 66 8 

132.4 146 4 

124.4 136 5 

7 6 7.7 

64.1 65.6 

129 1 143.4 

6.1 7.4 
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YTTRIUM COMPOUNDS 

Hydrides 

Structure 

ao* A 

Cqj A 

Heat Capacity at 
298 K, cal/ 
(mole )(C) 

YH¿ YD¿ YH3 YD3 

Hep Hep 

5.205 -- 3.672 3.659 

6.625 6.586 

8.243 10.773 10.363 13.727 

Enthalpy at 298 K, 1.403 1.659 1.613 2.025 
kcal/mole 

Entropy at 298 K, 9.175 10.294 10.019 12.028 
eu 

Nitrides 

VN 

Molecular Weight 102.93 

Structure Fee 

Lattice Type NaCl 

a0, A 4.877 

Density, g/cm3 5.60 

Heat of Formation, 71.5 
kcal/mole 

Entropy of Forma- 25 
tion, eu 

Resistivity, 93 
microhm-cm 

Temperature Coeffi¬ 
cient of Resistivity 
(-193 to 827 Ci, 
10-3/C 

Authority 

163,164,165 

149,153,167 

1.9 
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Oxides 

Y¿Q3 

Molecular Weight 225.81 

Structure Bcc 

a0, A 10. 60 

Density, g/cm^ 5.03 

Heat of Formation, 227.73 
kcal/g-atom 

Entropy oí Forma- 35. 54 
tion, eu/g-atom 

Melting Point, C 2410 

Coefficient oí Ther¬ 
mal Expansion, 
10-6/C 

0-1400 C 6. 2 
500-1400 C 8.9 

Color White 

Authority 

156,172,173, 
176,177 

Thermodynamic Data ¿12 

The equations given on page 95 may be used in calculating thermodynamic quantitie* for the following reactions: 
T«mp«r- 

atur« -AHf-298, -Cr>9#. 
_R««ction_ Rana«, K kcal/mol« kcal/Wiol« Aa 

420 400.5 2.4 

-1.4 

2Y(.) ♦ i 0¿(g) ^ YzOjla) 298-1750 

2Y(I) ♦ i 0¿lg) * YzOj(.) 1750-2500 

ÛA, -AB, 
Ac Ad kcal /mole «u -A(B-a) 

Î.4 — 0.6 -0.802 80.2 82 6 

7 8 0.6 -8 890 64. 2 62 8 

(Continued) 



98 YTTRIUM COMPOUNDS 

\ 

Authority 

Oxides (Continued) 

Thermodynamic Functions for 

Cp. 
T, K cal/(moleXK) cal/(moleXK) 

16 0.323 0.1120 

20 . .406 .1928 

30 .777 .4120 

40 1.717 .7575 

SO 2.796 1.255 

60 3.966 1.867 

10 5.236 2.572 
80 6.545 3.357 
90 7.854 4.204 

100 9.152 5.098 

120 11.66 6.991 

140 13.96 8.965 
160 16.03 10.966 

180 17.86 12.963 

200 19.37 14.925 
220 20.64 16.833 
240 21.75 18.677 

260 22.77 20.459 
280 23,70 22.181 

298.16 24.50 23.693 
300 24.58 23.846 

( -F°-Ho)/T, 
cal/(moleXK) cal/mole 

1.342 

2.796 

8.320 

20.56 

43.06 

76.77 

122.71 
181.61 

252.88 
338.66 

547.07 
803.70 

1103.9 
1443.3 

1816.1 
2216.6 

2640.6 

3086.1 
3550.9 
3989.3 
4033.7 

0.02812 
.05300 

.1347 

.2436 

.3941 

.5873 

.8194 

1.0867 
1.3937 

1.7117 

2.4324 

3.2240 

4.0666 
4.9443 
5.8447 

6.7573 

7.6742 
8.5895 
9.4992 

10.313 
10.400 

Heat Content and Entropy Increments for Y2O3 

(smooth values ) 

hT_h298.15« ST'S298.15* 
T, K cal/mole cal/fKXmole) 

400 2,640 7.60 
500 5,390 13.73 

600 8,250 18.94 

700 11,190 23.47 

800 14,180 27.46 
900 17,200 31.02 

1000 20,240 34.22 

1100 23,280 37.12 

1200 26,320 39.77 
1300 29,380 42.22 

1330 30.310(a) 42.92(a) 

1330 30,620(0) 43.16(/3) 
1400 32,820 44.77 
1500 35,970 46.94 

1600 39, 120 48.97 
1700 42,270 50.88 
1800 45,420 52.68 

1900 48,570 54.39 

2000 51,720 £6.00 

174 

175 
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Phosphides 

Structure 

Lattice Type 

ao> A 

Selenides 

YP 

Fee 

NaCl 

5. 662 

Structure 

ao> A 

Density, g/cm3 
.4 

Melting Point, C 
. t 

Color 
* •' 

Silicides 

YSe Y¿Se3 

NaCl Fee 

5.703 5.75 

4.81 

>1800 

-- Gray black 

Molecular Weight 

YSi °~YSi¿ ¿-YSi¿ Y3SÍ5 Y5SÍ3 

117.01 145.10 145.10 407.06 528.87 

Structure 

Lattice Type 

®q, A 

Ortho- Ortho- Tetrag- Hexag- 
rhombic rhombic onal onal 

Hexag 
onal 

CaSi 

4.25 

Mn^Si3 a-YSi2 a-ThSi2 — 

4.04 4.04 3.842 8.403 

b o' 4. 10. 52 3.95 

^0 ' ^ 

Density, g/cm3 

Heat of Formation, 
kcal/mole 

Melting Point, C 

3.82 

4. 528 

32.2 

1870 

13. 23 

4. 5 

13.42 

4. 39 

1520 

4. 140 

1635 

6.303 

4. 556 

1850 

Authority 

169 

166,168, 
169,213 

152,153, 
160 

(Continued) 
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Si? .cides (Continued) 

Curie Tempera¬ 
ture, K 

Trar ^formation 
Temperature, C 

Sulfides 

Molecular Weight 

Structure 

a0 > A 

bo’ A 

ß> deg 

Density, g/cm^ 

Melting Point, C 

Magnetic Suscepti¬ 
bility at 20 C, 10b 
emu/mole 

Color 

YTTRIUM COMPOUNDS 

Authority 

YSi a-YSi¿ ß-YSiz Y3SÍ5 YsSi3 

Para¬ 
magnetic 

a -* ß 
at 540 

153 

YS YS¿ ¿-Y¿S3 Y5S7 YzQ2S 

120.99 153.05 274.04 669.06 241.91 

Cubic Tetrag- Moro- Mono- Hsxag- 
clinic clinic onal 

10.71 12.67 3.78 

4.02 3.81 

17.47 11.45 6.56 

81.17 74 

3.87 4.18 4.95 

1600 1630 2120 

83.4 39.3 >0 

Yellow -- Gray 
white 

onal 

5.466 7.71 

7.89 

4.92 4.33 

2060 1630 

100 125 

Ruby Brown 
red violet 



PT T 

\ 

\ 

Propertivs 

TeUurides 

Structure 

Lattice Type 

ao> A 

Melting Point, C 

Resistivity at 20 C, 
microhm-cm 

Miscellaneous 

Ylr- 

YOs- 

YPd- 

YPt- 

YRe- 

YRh, 

YRu- 

YPt- 

YA1; 

Structure 

Cubic 

Hexagonal 

CußAu 

Cu 3 Au 

Hexagonal 

Cubic 

Hexagonal 

C^ibic 

Cubic 

/ 

\ÜMi 

101 

Authority 

168,169 

YTe Y¿Te3 

Fcc 

Na Cl 

6. 080 

1525 

10' 

150,151 

Lattice Constants, A 

7.500 

5.307 8.786 

4.074 

4.075 

5.396 8.819 

7.459 

5.256 8.792 

7.590 

7.860 

Supe r conducting 
Transition 

Temperature, K 

2. 18 

4. 7 

1. 83 

1. 52 

1. 57 

■ï 



Properties 
103 

LANTHANUM 

Symbol La Atomic Number 57 Atomic Weight 138.92 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization (25 C) 

Vapor Pressure (1874- 
2182 K) 

5-18 ppm (approx. 18) 

6. 162 g/cm^ 

920 C 

2.75 kcal/mole 

3469 C 

96 kcal/mole 

L°gpmmHg = 8-876 - 

\ 
\ 

22019 
T 

Specific Heat (25 C) 6. 65 cal/(mole)(C) 

Heat of Combustion 214. 28 keal/g-atom 

Coefficient of Linear 4. 9 x 10_6/C (-173 - 310 C) 
Thermal Expansion 

/ 

(Permittion of American Phyiical Society) 

Thermal Conductivity 0. 033 cal/(cm2)(sec)(C/cm) 

Heat of Sublimation 

Authority 

51 

67 

66 

77 

57 

57 

60 

53 

134 

61 

90 

54 
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LANTHANUM 

Cohesive Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

Surface Tension (950 C) 

CRYSTAL PROPERTIES 

88 kcal/mole 

3. 3 ev 

142 K 

719 dynes/cm 

Structure 

Lattice 
Constants 

Density 

Metallic Radius 

Atomic Volume 

(a) HCP 

a0 = 3. 770 
c0 = 12.159 

6. 162 

1.877 

22. 50 

Atomic Volume Versus Temperature 
(PermiMion of EUevier Publiihlng Co.) 

(ß) FCC 

a0 = 5. 304 

6. 190 

1.875 

22.46 

(>) BCC 

a0 = 4. 26 A 
A 

5. 97 g/cm3 

1. d0 A 

23. 2 cm3/mole 

Transition 
Temperature 

Hcp/Fcc at 310 C, Fcc/Bcc at 868 C 

Heat of Transition Hcp/Fcc = 0. 095, Fcc/Bcc = 0. 76 kcal/mole 

Ionic Radius 1.061 A 
(Trivalent Ion) 

Authority 

89 

75 

97 

85 

61 

67 

67 

66 

87 

66 

61 

55 
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Authority 

Closest Approach 
of Atoms 

3. 73 A 

Allotropie A Fee structure with aQ = 5. 17 A occurs 
Modifications at 20 C when metal is subjected to a static 

pressure of 23 kilobars. 

56 

84 

CHEMICAL PROPERTIES 

Stable Oxidation State +3 

Electrode Potential [La = La+3 + 3«-] + 2. 4 volts (standard 
hydrogen electrode) 

Ionization Potential 1st = 5. 6, 2nd = 11.4, 3rd = (20.4) volts 

Metallographie Polishing 
and Etching 

81 

81 

82 

62 

Samples of lanthanum may be suctioned in an inert atmosphere 
or in air by using liberal quantities of oil to protect the surface. 
Conventional techniques for mounting in bakelite or lucite may be em¬ 
ployed. Standard motorized, wet-belt, rough grinding equipment may 
be used with a kerosene lubricant. Both the rough and fine polishing 
may be done on conventional equipment using kerosene as a carrier 
for the abrasive. It is extremely important that the polished surface 
be kept covered with a layer of kerosene at all times. 

After final polishing, the sample may be rinsed with mineral 
oil and immediately immersed in an oil bath in the stage aperture ^ 
plate of a metallograph. The unetched surface may be photographed 
through the bottom of this cup. The cup is constructed of a recessed 
stage aperture plate by cementing a microscope cover glass to the 

bottom. 

Lanthanum may be etched by exposure to air after the mineral 
oil has been removed by ether or othei solvents. Phosphoric fuid 
nitric acid etchants have also been used with some success. 

Corrosion Rates 
(Tn Air) 

7 mil/year at 200 C 
745 mil/ycar at 400 C 

68 

Oxidation rate increases drastically with increasing relative 

humidity. 
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Corrosion Data 

LANTHANUM 

Auihority 

91 

Corrosive attack on crucible materials: 

Material 
BeO 
CaO 
La2C>3 
Ta 

ELECTRICAL PROPERTIES 

Resistivity Hep (a, 25 C) - 
Fee (ß, 560 C) 
Bcc (7, 890 C) 

Temperature 2. 18 x 10-3/C 
Coefficient of 
Resistivity (25 C) 

Onset of Attack 

None < 1150 C 
Mild at 1250 C 
590 C 
None < 1200 C 

56. 8 microhm-cm 61 
• 96 microhm-cm 
• 126 microhm-cm 

61 

Temperature Versus Resistivity 

53, 86 

(PermiMion of the American Physical Society) 

Temperatur* 

MAGNETIC PROPERTIES 

Susceptibility 101 x 10~6 emu/mole 61 
(25 C) 

Effective Magnetic Theoretical — 0. 00 Bohr magnetons 
Moment Measured — 0. 49 Bohr magnetons 

61 
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Curie Temperature 

Néel Temperature 

MECHANICAL PROPERTIES 

Young's Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compres¬ 
sive Strength 

Impact Strength 
(Izod) 

W orkability 

General Fabrication 

None 

None 

3. 84 X 10*1 dynes/cm^ 

i. 49 X 10** dynes/cm^ 

0. 228 

3. 24 X 10~6 cm2/kg 

37 

70 F 400 F 
18.9 15.3 

18.2 12.4 

8 9. 4 

41. 2 X 10^ psi 

800 F 
6. 7 103 psi 

3. 75 102 psi 

21 per cent 

4. 5 ft-lb 

Fair 

\See references) 

Authority 

61 

61 

57 

57 

61 

57 

57 

88 

88 

88 

61 

71 

88 

70,113 
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LANTHANUM 

NUCLEAR PROPERTIES 

Isotopes 

Whole- 
Number 
Mass 

) 35 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

Thermal Neutron 
Cross Section 

SAFETY 

Relative 

Abundance, Half Decay 
-Per cent Life Mode 

19 > hr K, y 

2. 1 i r 0+ 

>400 yr 

0 089 Stable 

99.911 Stable 

40 hr ß~, y 

3. 7 hr 0-,7 

75 min 0*, y 

19 min 0~ 

Short 0- 

Short 0" 

8. 9 ± 0. 3 barns/atom or 
0. 039 cm2/g 

94,58,145 

73 

Lanthanum 

Toxicity — Acute local: unknown. 
Acute systematic: slight. 
Chronic local: unknown. 
Chronic systematic: unknown. 

Radiation hazard - See National Bureau of Standards 
Handbook No. 42. 

Fire hazard - Dangerous in the form of dust when 
exposed to flame: can react vigorously 
with oxidizers. 

Explosion hazard - Moderate in form of dust when 
exposed to flame. 

83 
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Lanthanum Boride 

Fire hazard - Moderate, on contact with moisture or 
acids boron hydride is evolved. 

Authority 

Lanthanum Brómate 

Toxicity - Acute systematic: ingestion, moderate. 

inhalation, moderate. 

Lanthanum Hexaantipyrine 
Perchlorate 

Toxicity - Moderate. 
Fire hazard — Dangerous, 
Explosion hazard - Moderate. 
Disaster control - Dangerous. 

Lanthanum Oxide 

Toxicity - Acute systematic: inhalation, moderate. 

Lanthanum Sulfate 

Toxicity - Acute local: irritant, moderate. 
ingestion, moderate, 
inhalation, moderate. 

CAUTION: La2(S04)3 + 3HzO = 2La + 3H2S04 + 3/202 

THERMODYNAMIC PROPERTIES 

Entropy 
Room Temperature 

í>298 = 13.6 
Melting Point 

Sj 193 * 23. 6 eu 

Heat Cp298 = 6 65 
Capac ity 

Cpl 193 » 8. 08 cal/(mole){C) 

Specific Heat 

0 to 180 K 

53, 76, 77 

53 



110 LANTHANUM 

Heat Content and Entropy of Solid and Liquid Lanthanu^n 
(Base: Crystals at 298. 15 K) 

HT-H298.15* 
1, K cal/mole 

ST-S298. 15. 
cal/(K) 

(mote) 

Ht -H298.15. 
T. K cal/tnole 

400 
500 
600 

700 

800 
900 

1000 

1100 
1193(8) 

1193(1) 
1200 

1300 

685 
1,370 
2,080 

2,800 
3,540 

4,290 

6,060 

5, 840— 
6,590 
9,340 
9,400 

10,200 

1.98 
3.51 
4.80 

5.91 
6.90 

7.78 
8.59 

9.33 
9.99 

12.29 
12.34 

12.98 

1400 
1500 
1600 

1700 

1800 

1900 

2000 
2200 
2400 

2600 
2800 

3000 

11,000 
11,800 
12,600 
13.400 

14.200 

15,000 

15.800 
17.400 
19,000 

20,600 
22.200 

23.800 

For solid lanthanum: 
HT-H298.15“6.17T+ 0.80 x lO'3!* - 1,911 

(0.1 percent; 298-1193 K) 

Cp= 6.17 + 1.60 x IO'3 T 
AHiigsifusion) = 2,750 

For liquid lanthanum: 

Hx-^gs.is3 8.°0T '20° 
(0,1 percent; 1193-3000 K) 

Cp= 8.00. 

Heat Content and Entropy of Gaseous Lanthanum 
(Base: ideal gas at 298. 15 K) 

5^298.15. 
Ht-H298.15> cal/(K) 

T, K cal/mole (mole) T, K 

400 
500 

600 

700 

800 
900 

1000 
1100 
1200 
1300 

1400 

1500 

1600 
1700 

1800 

580 

1,185 

1,820 

2,475 
3,155 
3,850 

4,565 
5,300 

6,045 
6,800 
7,560 

8,320 
9,085 
9,855 

10.620 

1.66 

3.02 

4.17 

5.18 
6.09 

6.91 
7.66 
8.36 
9.01 

9.61 
10.18 
10.70 
11.20 

11? 66 
12.10 

1900 
2000 

2200 

2400 

2600 
2800 

3000 
3500 
4000 

4500 
5000 

6000 

7000 
8000 

For gaseous lanthanum: 
HT-H298.15 - 6.19T + 0.48 X 10-3T2 + 0.92 x 105t-1 - 2,197 

(0.8 percent; 298 2000 K) 
CD- 6.19+ 0.96 x lO’3!- 0.92 x IO3!-2. 

Ht'H298. 15b'i*20t + 0.10 x lO*3'!'2 ♦ 1.60 x lO&T-1 - 2,730 

(0.2 percent; 2000-5000 K) 
Cp « 7.20+ 0.20 x 10-3T -1.60x lO&T-2. 

HT-H298.15. 
cal/mole 

11,385 
12,150 

13,680 

15,210 
16,740 

18,270 
19,810 
23,705 
27,690 
31,785 

35,995 
44,710 

53,620 
62,500 

Authority 

77 

5^3298.15. 
cal/(K) 

(mole) 

13.57 
14.13 
14.64 

15.13 
15.58 
16.02 

16.43 

17.19 
17.88 
18.52 

19.12 

19.67 

77 

Sx-5298,15. 
cal/(K) 

(mole) 

12.51 

12.91 
13.64 

14.30 

14.91 
15.48 
16.01 
17.21 
18.28 
19.24 

20.13 
21.72 

23.09 

24,28 
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LANTHANUM COMPOUNDS 

Antimonides 

Structure 

ao> A 

Melting Point, C 

Resistivity, 
microhm-cm 

Arsenides 

Structure 

ao> A 

Beryllides 

Heat of Vaporization 
(kcal/mole) 

Dissociation Rate 

LaSb 

NaCl 

6. 49 

1540 

120 

LaAs 

NaCl 

6.137 

LaBei3 

10.450 

75. 8 

1. 35 X 10"6 g/(cm2)( sec) at 
1082 C 

3. 70 X 10-5 g/(cm2)(sec) at 
1267 C 

Bismuthides 

Structure 

ao> A 

LaBi 

NaCl 

6. 58 

Borides 

Molecular Weight 

Structure 

a0, A 

• c0, A 

LaBj LaB4 LaB6 

171.38 182.20 203.84 

Tetragonal Tetragonal Cubic 

3.82 7. 30 4. 154 

3.96 4.17 

Authority 

162,168 

169 

161,179 

162 

153,171 

(Continued) 
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ßorides (Continued) 

DcMSity, g/cmj 

Hr,r F^mation> 
kcal/mole 

Melting Pointj c 

Heat Capacity 
cal/(g)(C) 

Resistivity, 

rnicrohm-cm 

TÕímR Co'í«ci<,„, 
of Resistivity, 10-3/c 

Coefficient of Thermal 
Expansion, 10-6/c 

Therm,' Co„duc.iv¡,„ 

cai/(cm)(sec)(C) 

EííeCtÍVe Magnetic 
Moment, Bohr 
oiagnetons 

Work Function at 1427 C 

Microhardness, 
kg/mm 2 

Color 

Emissivity at 1500 C 
= 0. 655 yu) 

Metallic Radius, A 

4. 92 

ianthanum compounds 

5. 44 
4. 721 

112 

2100 

169 

137. 0 

17. 4 

2. 68 

5. 6 

0. 114 

9. 0 

2. 66 

2770 

Violet 

0. 7 

2. 20 
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Carbides 

Molecular Weight 

Structure 

Lattice Type 

a0, A 

Cqi A 

Density, g/cm^ 

Melting Point, C 

Resistivity, 
microhm-cm 

Coefficient of Thermal 
Expansion, 10"^/C 

Germanides 

Structure 

Lattice Type 

»o» A 

bo> A 

c0, A 

Density, g/cm3 

Volume of Unit Cell, 
A3 

a-LaC2 

162. 94 

Tetragonal 

CaC2 

3. 92 

6. 56 

5. 35 

2438 

68 

12. 1 

ot- LaGe^ 

ThSi2 

4. 321 

14. 209 

266. 8 

ß-LaC2 

162.94 

Cubic 

F eS2 

6. 0 

5. 0 

2438 

ß- LaGe2 

GdSi2 

4. 41 

4. 30 

14.190 

7.059 

269- 1 

f-»2c3 

313.84 

Bcc 

PU2C3 

8.8185 

6. 079 

2020 

144 

9. 9 

LajGeS 

Hexagonal 

8. 958 

6. 795 

3. 72 

Authority 

153 

170,180,183 
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Halides 

MoUruUr Weight 

Structure 

Lftttic« Type 

*o> A 

c** A 

Deneuy, g/cm* 

Heel oí P ormetioA, 
he el/mole 

Entropy oí Formation, 

LaCI) 

Heiiagonal 

UClj 

LaF 

19S. 92 

Hexagonal Hep 

UClj 

-* 7. Ittb 

7.142 

4 94 

244.91 

(19) 

160 

(4) 

LaOBr 

Authority 

93,108,157, 
159,181, 
182,184, 
185,186, 
211,215, 
216,217, 
218,222, 
235, 236, 
269,279 

Tetragonal Tetragonal Cubic Tetragonal 

-- .. .. PbFCl 

4(49 4.149 7. 1)2 4 144 

7. J49 7 349 -- 9 126 

-- -- 6.00 

-- 242.6 

(41) 

Melting Point, C 

Heat oí Fusion, 

he al/mole 

TU« 

11.0 

Entropy oí Fusion, 12. S 

Bolling Point, C 

Heat oí Vaporisation, 
hcal/mole 

Intropy of 

Vaporisation, eu 

t'apor Preesure 
(T in K), 

‘“»•nun H, 

H»t of Sublim.lion, 
be .1/mol. 

Entropy of 
Sublimation, .u 

H»»t Capacity (to mp), 
cal/fmolaHO 

Coefficient of 

Thermal Espana Ion 
10*ÍC 

Thermal 
Conduc tivlty, 
cal/(cm)(eec)(C) 

AMmp -ÛH296. 
hcal/mole 

Refractive Indes 

Color 

Young'e Modulus, 
10T pal 

Compressive 

Strength, 10* pel 

I4S0 

46.2 

24 

12. 46« 

1444B 

71.0 

JI.O 

20. i 

842 

IS. 0 

II. 4 

1740 

41. S 

U 

r h.121 
[ 
71 1 

40 

14. 7 

22 8 

1490 761 

8 8 

2127 

62 

24 

19.0 

0. 024 

White 

1.1 

100 

1404 

40 

24 

12 »44 

I4S97 

1.10 
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Authority 

Halides (Continued) 

Thermodynamic Data 212 

GUmer tui supplied ln ANL-S7S0 the following equations for calculating thermodynamic quantities. 
The reactions concerned and the constants for use in these equations are tabulated. 

ACp * Aa ♦ (Ab X 10*3)T ♦ (Ac x lO*6)!2 ♦ Ad ^1°5 

AH - AHp298 * (A*)T ♦ j (Ab x IO'3)!2 (Ac x lO’6)!3 t ^ 

AS - (2.303 Aa)LogT ♦ (Ab x 10'3)f (Ac x 10‘6)T2 - 10^ - A* 

AT • AHr98 - - (2.303 Aa)TlogT -j (Ab x lO*3)!2 - j (Ac x lO ®)'!3 - iZSiâliiÒ _TA(B . t). àA . 

Roction 

L«(») ♦ j r¿(i). L«rj(.) 

U(l) ♦ ] r^i) . LaFjli) 

Lad) ♦ |rz(g) . UTjd) 

i tmp»r- 
atur* 

Ran«« , K 

m-US) 

im-isoo 

1800-«00 

-ûHi-298. 
ktal/mcl« 

421 

•ûr29i- 
lital/inol« 

404 

da 

1.4 

0.Ï 

11.1 

4.7 

I. 1 

-0. 7 

de dd 

1. 2 

1. 2 

1.2 

dA, 
kc al/mol« 

-0. 372 

-2.433 

2.107 

-dB. 
«u 

70.0 

43. 9 

12a.• 

•JkS&zsk 
71.4 

44. 4 

140.4 

Ula) * jCl2(|) > LaCl;(•) 291-1123 

U(i) 4 I Cl2(g) • LaCljla) 1123-1133 

Lall) 4 I Cl2<(> • LaCljU' 1133-2020 

Lall) 4 j Cl2(|) ■ LaCljlg) 2020-2300 

233. 4t 238. t 3.1 

11.7 

11.4 

•0.4 

7.4 

-2.0 

-0.4 

-0.4 

1.0 

1.0 

1.0 

1.0 

-0.911 

3. 230 

1. 14« 

44.41 

75.« 

124.7 

120.4 

7.3 

7«. 0 

137.4 

132.2 

7. 1 

Hydrides 

Structure 

a0, A 

Density, g/cm-* 

Heat of Formation, 
kcal/mole of H2 

LaHz 

5. 667 

5. 14 

49. 7 

LaH3 

Amorphous 

5. 26 

40. 09 

91,186, 
187 

Entropy of Formation, 
eu/mole of Hj 

49 

(Continued) 
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Authority 

Hydrides (Continued) 

Heat Capacity, 
cal/(mole)(C) 

Color 

LaHz LaHß 

12.3 

Blue black 

Nitrides 

LaN 

Molecular Weight 152.93 

Structure Fee 

Lattice Type NaCl 

aol A 5- 286 

Density, g/cm^ 6.73 

Heat of Formation, 72 
kcal/mole 

Entropy of Formation, 25 
eu/mole 

Heat Capacity, 11.0 
cal/(mole)(C) 

Resistivity, 100 
microhm-cm 

149,153, 
167 

Coefficient of Thermal 
Expansion, 10-0/(C) 
(-173 - 427 C) 

9.0 
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Oxides 

^203 

Molecular Weight 325.82 

Structure Hep 

a0, A 3. 94 

c0, A 6. 1 5 

Density, g/cm^ 6. 51 

Heat of Formation, 214.29 
kcal/mole metal 

Entropy of Formation, 35. 18 
eu/mole metal 

Melting Point, C 2300 

Heat Capacity at 25 C, 12. 7 
cal/(mole)(C) 

Effective Magnetic 0 
Moment, 
Bohr magnetons 

Work Function at 1700 K, 4. 18 
ev 

Color White 

Cation Radius, A 1. 14 

Authority 

156,172, 
173, 174, 
176, 186, 
199. 212, 
218,219, 
220 

Thermodynamic Data 

The equation« given on page 115 may be uied in caiculatlng thextnodynamic quantities for the following reactions: 

_Ksattiaa_ 

ILals) ♦ { Ojt*) * LajOjU) 

SLa(l) ♦ I Ojlf) • LajOjit) 

Twnpar- 
•tur* 

Asauxf. ttÊuãim 
-Arm, AA, 

Ja_ A«. -AA. JMlfÉÉt 

na-ms sia. s «.11 -a. si — -a. i -».soa 

iiss-asoo i.a x.T — -a.s -s. aso 

-as. 
js_ -AlA-al 
as. 0 si. 1 

re.a ai.T 

/ 
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Thermodynamic Functions for LazOß 

IiJ< 
cp» 

cal/(moleXK) 
S* 

cal/(moleXK) 

16 
20 

30 
40 

50 

60 

70 
80 

90 

100 

120 

140 

100 

180 

200 

220 

240 
200 

280 

298.10 
300 
500 

1000 
1600 

2000 
2500 

0.526 

0.860 
2.U94 

3.742 
5.480 

7.135 

8.097 

10.18 

11.00 
12.94 

15.35 
17.39 

19.08 
20.57 

21.80 
22.91 

23.83 

24.61 
25.27 

25.79 
25.84 

0.1535 

0.3049 

0.8713 
1.6920 
2.7143 

3.8612 

5. 0794 

6.3390 

7. 3209 
8.9131 

11.491 

14.016 
10.451 

18.787 

21,022 
23.167 

25.191 
27.130 

28.979 
30. 580 

30.742 
45.02 

66,03 
79.22 

89.04 

97.01 

Phosphides 

Structure 

LaP 

Fee 

Lattice Type NpCI 

a0, A 

Density, g/cm^ 

Microhardness, 
kg/mm^ 

6. 016 

5. 18 

158 

LANTHANUM COMPOUNDS 

Authority 

174 

-<F*-H*0/T, 
cal/mole cal/(nioleXK) 

1.838 

4.578 
18.800 

47.526 

93.662 
156.82 

236.05 
330.54 

439.51 
562.28 

845.79 
1173.9 

1539.0 

1936.9 

2360.6 
2808.7 

3276.3 
3761.0 

4260.0 
4724.2 
4771.2 

0.03862 

0.07610 

0.2513 
0. 5039 

0.8411 

1.2475 

1.7073 
2,2072 

2.7375 
3.2903 

4.4427 

6.6310 
6.8322 

8.0320 

9.2190 
10.390 

11.540 
¿2, 665 

13.765 

14.735 
14.838 

24.39 

40.49 
51.33 

59.58 

66.28 

188 

t 
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Seleniies 

Structure 

Lattice Type 

•o 

co 

Demity, g/cm3 

Resistivity, 

microhm-cm 

LaSe 

Fcc 

NaCl 

6,048 kX 

6.34 

50 

LaSej 

Tetragonal 

8.47 kX 

8.53 kX 

6.33 

1.46 X 10® 

La2Se3 

Bcc 

Th3P4 

9.037 xX 

6.15 

2.4 X 10« 

LagSe^ 

Bcc 

Th3P4 

9.037 kX 

6.47 

LasOgSe 

Hcp 

4.09 A 

7. 14 A 

Temperature Coef- 1.7 
ficient of 

Resistivity at 27 C, 
10-3/0 

Thermal Conductivity, 0.058 

cal/fcmXwcXC) 

Magnetic Susceptibility, 7.08 32 69.77 10.84 
10*® emu/mole 

Effective Magnetic 0.46 0.0 
Moment, Bohr 

magnetons 

Color Gold Black 

0.0 

Bright red Blue black Beige 

Silirides 

Structure 

Lattice Type 

ao» ^ 

bo. A 

co> A 

LaSi 

Orthorhombic 

FeB 

8. 48 

4. 02 

6. 04 

LaSiz 

Tetragonal 

a-ThSi2 

4. 31 

13. 80 

Density, g/cm3 5.0 

Heat of Formation, *64 *52 
kcal/mole 

Authority 

189, 190, 
191,192, 
193,194 

152,195, 
196, 197 

(Continued) 
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Authority 
Silirides (Continued) 

LaSi LaSi2 

Melting Point, C -- 1520 

Resistivity, -- 236 
microhm-cin 

Coefficient of Thermal -- 7.67 
Expansion 10*^/C 
(20 - 750 C) 

Microhardness, -- 324 
kg/mm¿ 

Transverse Rupture -- 37, 3 
Strength, 10^ psi 

Sulfides 

Molecular Weight 

Structure 

*0» A 

co* A 

Density, g/cm3 

Heat of Formation, 
hcal^nole 

Entropy of Formation, 

eu/mole 

Melting Point, C 

Heat Capacity, 

cal/(moleXC) 

Resistivity, 

microhm-cm 

LaS 

170.99 

Cubic 

5.854 

5.66 

180 

LaS 2 

203.05 

Cubic 

8,20 

4.90 

147 

y-i^ss 

374.04 

Cubic 

8.723 

4.99 

284 

U3S4 

545.04 

Cubic 

8.748 

5.44 

Lâ202s 

341.91 

Hexagonal 

4.051 

6.943 

5.73 

(10) (9) 

1970 1650 2160 2100 

12.11 - 29.89 

1940 

92 2x1012 2.4 X 10* 

Temperature Coefficient 1.63 
of Resistivity at 27 C, 
10-3/c 

11.62 — 9.90 

153, 193, 
198,199, 
239, 200, 
186 

Coefficient of Thermal 
Expansion (20 - 1020 Q 
10-6/c-l 

(Continued) 
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Authority 

Sulfides (Continued) 

Thernul Conductivity, 
cal/(cmXiocXC) 

Magnetic Susceptibility, 

10'6 (emu/mole; 

Work Funcüon at 

1700 K, ev 

Debye Temperature, 

K 

Emissivity 
(A - 0,656/j) 

Color 

Tellurides 

Structure 

Lattice Type 

*o> A 

b0> A 

Cq* A 

Demity, g/cm3 

Melting Point, C 

Resistivity, 
microhm-cm 

Thermal Conductivity, 

cal/(cmX»ecXC) 

Color 

US 

0.064 

281 

4.15 

669 

0.45 

Gold 

UTe 

Fee 

NaCl 

4,432 

6.682 

1726 

LaS2 y-U2S3 La3S4 

0.0061 

+36.3 +27.1 

4.16 

27.2 

U202S 

>0 

913 

Yellow 

LaTeg 

Tetragonal 

FegAs 

4.63 

1.32 

*.r 

1036 

LaTes U3TC4 

Tetragonal Bcc 

CegSs 

4.407 

26.14 

6.92 

836 

9.619 

1.6 X 1011 6. d X 106 

169,201, 

La4Te7 U^Te 202,203, 
— 204,205 

Orthorhombic Hexagonal 

4.607 

4.483 

9.142 

Blue purple Blîck Gold 

Very soft 

6.65 

1595 

0.008 

Silver gray 

Brittle hard 

4.12 

13.10 

6.36 

Dark green 

Hardness Brittle hard Very brittle 



122 
LANTHANUM COMPOUNDS 

A ithority 

Miscellaneous 

Structure ap, A 

!,alr2 Cubic 7.686 

LaOs2 Cubic 7,737 

LaPt2 Cubic 7,774 

LaRh2 Cubic 7.746 

LaRu2 Cubic 7,702 

Superconducting 

Melting Point. C Transition Temperature, K 

6.5 

1431 1.63 

150,206 
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Symbol Ce 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of F sion 

Boiling Point 

Heat of Vaporization 
(25 C) 

Vapor Pressure 
(1861-2292 K) 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal Expansion 

CERIUM 

Atomic Number 58 Atomic Weight 140.13 

Authority 

20-46 ppm (approx. 46) 

6. 678 g/cm-* 

795 C 

2. 20 kcal/inole 

3468 C 

95 kcal/mole 

Loa P „ = 9. 396 - 8 mm Hg T 

6.44 cal/(mole)(C) 

213. 50 kcal/g-atom 

8.5 X 10-6/C (25-725 C) 

51 

67 

66 

77 

57 

57 

60 

95 

134 

61 

(Permillion of Amerlctn Phytictl Society) 



' 7 4 CERIUM 

Thermal Conductivity 0. 026 cal/(cm^)(8ec)(C/cm) 
(28 C) 

Heat of Sublimation 

Cohesive Energy 94 kcal/mole 

Work Function 2. 6 ev 

Debye Temperature 147 K 

Expansion on Melting 0. 3 per cent 

Surface Tension (1000 C) 708 dynes/cm 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

(a) FCC (ß) HCF Çy) FCC (é) BCC 

a0 =4. 85 a0 = 3. 68 a0=5.l6l2 a0=4.1lA 
c0 = ll.92 

8.23 6.66 6.768 6.70 g/cm^ 

1.71 1.82 1.825 1.83 A 

20.695 21.0 cm3/ 
mole 

Fcc/hcp at -150 C, hcp/fcc at -10 C 
fcc/bcc at 730 C 

Heat oí Transition 

Ionic Radius 

Closest Approach 
oí Atoms 

Hcp/ícc * 0.065 kcal/mole 

+2 = 1.2, +3 = 1.034, +4 = 1.01 A 

3.46 A 

Allotropie Modifications (1) a Fee structure with a0 s 4. 82 A occurs 
at 20 C when metal is subjected to a static 
pressure of 15 kilobars. 

CHEMICAL PROPERTIES 

Stable Oxidation State +3, +4 

Electrode Potential [Ce = Ce*3 + 3e~] +2.335 volts (standard 
hydrogen electrode) 

Authority 

52 

89 

82 

97 

91 

85 

61 

61 

67 

67 

66 

66 

61 

92,93 

56 

84 

81 

81 
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Ionization Potential 

Metallographie Polishing 
and Etching 

1st = 6. 54, 2nd = 14. 8, 4th * (36. 5)volts 

Authority 

82 

rftvGíilfl fJiat ir-tf~ i ® 3.pnic examination 
30 »" ond. ' , r Wear» „„ ,he lllr(a„ withi" 

Corrosion Rates 
(In Air) 35,000 mil/year at 400 C 

66 

Corrosion Data 

Corrosive attack on crucible materials: 

electrical properties 

Material Onset of Attack 

BeO None < 1090 C 
CaO None < 1150 C 
MgO None < 1200 C 
Ta None < 1700 C 
Mo None < 1400 C 

91 

Resistivity 

Temperature Coeffi¬ 
cient of Resistivity 
(25 C) 

Ia) FCC (-249 C) 

34 

(y) FCC (25 (6) see {770 Cf 

75. 3 123 microhm-cm 

0. 87 X 10-3/C 

61 

61 

Resistivity Versus 
Temperature 
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CERIUM 

Resistance Versus Pressure 

MAGNETIC PROPERTIES 

Susceptibility (25 c) 

Effective Magnetic 
Moment 

Curie Temperature 

Neel Temperature 

MECHANICAL PROPERTIES 

Young's Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 
Strength 

2,430 ¾ 10"6 emu/mole 

Theoretical 
Measured 

2. 56 Bohr magnetons 
2. 51 Bohr magnetons 

3. 00 X 10J 1 dynes/cm2 
î 

1 • 20 X 10 U dynes/cm2 

0. 248 

4. 95 X 10'6 cm2/kg 

24 (not annealed) 

70 F 400 F 

I5-0 5.7 103 psi 

13-2 4.7 10^ psi 

24 21-4 percent 

42 6 - 103 psi 

Authority 

96 

61 

61 

57 

57 

61 

57 

57 

88 

88 

88 

61 
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Impact Strength (Izod) 

Workability 

General Fabrication 

NUCLEAR PROPERTIES 

l. 2 ft-: 

Good 

(See references) 

Isotopes 

Thermal Neutron 
Cross Section 

SAFETY 

Whole- Relative 
Number Abundance, 

■Mass per cent 
Half Decay 
Pile Mode 

135 
136 0.193 
137 
138 0.250 

16 hr /3+ 

Stable 
36 hr K,te¬ 
stable 

139 
140 88.48 
141 
142 11.07 

143 
144 
145 
146 

140 days K,>, e 
Stable 
30 days ß~ 
Stable 

( 
33 hr ß~ 
275 days ß~ 
1.8 hr ß~ 
15 min ß~ 

0. 70 A 0. 08 barns/atom 
or 0. 0030 cm^/g 

Cerium 

Authority 

71 

88 

70,72,113 

73 

83 

Toxicology - Cerium resembles aluminum in its pharma¬ 
cological action as well as in its chemical 
properties. The insoluble salts such as the 
oxalate are stated to be nontoxic e'-en in 
large doses. It is used to prevent vomiting 
in pregnancy. The average dose is from 
0. 05 to 0. 5 g. Cerium tartrate has been 
found to produce a direct injurious action 
on the hearts of small animals. The effect 
on the nervous system of the rare-earth 
metals following inhalation may preclude 
welding operations with these materials to 
any large extent. Cerium is stated to pro¬ 
duce polycythemia but is useless in the treat¬ 
ment of anemia owing to its toxic effects. 
The salts of cerium increase the blood 
coagulation rate. 
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CERIUM 

Toxicity - Acute local: none. 

Acute systematic: ingestion, slight. 
Chronic local: none. 

Chronic systematic: ingestion, slight. 

inhalation, slight. 

Radiation hazard - See National Bureau of Standards 
Handbook No. 42. 

Fire hazard - Moderate, ign»ites spontaneously in air 
at 150 to 180 C. 

Authority 

Explosion hazard - Moderate in the form of dust when 
exposed to flame. 

Cerium Compounds 

Toxicity - The toxicity of cerium compounds may be 
taken as that of cerium except where the 
anion has a toxicity of its own. 

thermodynamic properties 

Room Temperature 

Entr°py S298 = 18. 12 

Heat Capacity CPZ98 = 6- 44 

Thermodynamic Functions of Cerium 

_Melting Point 

®1077 = 28.48 eu 

CPio77 = ^ 05 (cal)(mole)(C) 

T. K 

208.15 
300 

350 
400 

450 

500 
550 

600 

650 
700 

750 

800 

850 
900 

950 

1000 

1003.15 

1003.15 

Cp. 
cal/(KXmole) 

6.44 
6.45 
6.60 

6.76 
6.92 

7.10 

7.27 
7.46 
7.65 
7.84 

8.04 

8.25 
8.46 

8.68 
8.90 

9,14 

9.16 
9.05 

S°-$o 

cal/(KXmole) ' 

18.12 
18,16 

19.16 

20.06 
20.86 

21.60 
22.29 

22,93 
23.53 
24.10 

24.65 

26.18 

25.68 
26.17 

26.65 
27.11 

27.14 
27.84 

H°-^98.15‘. 
cal/(KXmole) 

0.0 

0.040 

0.966 
1.680 

2.253 
2.729 
3.134 
3.487 

3.799 

4.081 

4.338 

4.576 

4.798 
5.008 

5.207 

5.398 
5.409 
6.107 

cal/tKXmole) 

18.12 
18.12 
18.19 

18.38 
18.61 
18.87 

19.16 
19.44 

19.73 
20.02 
20.31 

20.60 

20.88 
21.16 

21.44 
21.71 

21.73 
21.73 

95 

95 

(Continued) 
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' » rhermodynamic Functions of Cerium (Continued) 

Cp. 
T, K cal/(KXmole) 

s°-s°, 
Lii/lKXnicle) 

H0-M° 
H "298.15 ■ 
cal AKXmole) ■ 

P0'1 ^98.15 
T 

c:al/(KXmole) 

1050 0.05 28.25 

1077.16 9.05 28.43 
1077.15 9.35 29,63 
1100 9.35 29.83 

1150 9.35 30.24 

1200 9.36 30.64 

1250 9.35 31,02 

1300 9.35 3\39 
1360 9.35 31.74 

1373.15 9.35 31.90 

6.238 

6. 309 

7.458 
7.497 

7.577 
7.651 
7.719 

7. 781 
7. 839 

7,865 

22.01 
22.17 
22.17 

22.33 

22.66 
22.99 
23.30 

23.61 
23.90 

24.03 

(a) (^*290 ¡g *h£)/T ■ 7.63 cal. degree"1 mole"1 baled on a private 
communication from Jenning*, 

Spe cific Heat 

Authority 

53,97 

0-62% of a-cerium; «-39% of a-cerium; 
+-3% of a-cerium (Permillion of Gordon and 
Breach, Science Publiahen, Inc.) 
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CERIUM COMPOUNDS 

High-Temperature Enthalpy Ver*..« t 

'"f"”“ teÄtteictaS P'rature 

100 200 300 <00 500 ¢00 TOT 800 *00 1000 

TEMPERATURE X 
1100 

Authority 

95 

CERIUM COMPOUNDS 

Antimonides 

Structure 

CeSb 

Cubic 

Lattice Type 
NaCl 

ao> A 

Arsenides 

6. 412 

Structure 

CeAs 

Cubic 

Lattice Type 
NaCl 

ao> A 6. 072 

169 

169 



Prop«rt¡«( 

Beryllides 

ao > A 

Bismuthidea 

CeBe13 

10. 378 

Structure 

Lattice Type 

ao> A 

Borides 

Ce Bi 

Cubic 

NaCl 

6. 500 

Molecular Weight 

Structure 

ao * A 

co* A 

Density, g/cm3 

Heat of Formation, 
kcal/mole 

Melting Point, C 

Resistivity, microhm-cm 

Temperature Coefficient 
°f Resistivity, 10-3/c 

Coefficient of Th irmal 
Expansion, 10"6/c 

Thermal Conductivity, 
cal/(cm)(sec)(C) 

M,a*"etic Susceptibility, 
10 emu/mole 

Effective Magnetic 

Mom««, Bohr magnetone 

CeB4 

182.86 

Tetragonal 

7.205 

4. 090 

5. 74 

84 

CeB¿ 

205. 05 

Cubic 

4. 137 

4. 80 

81 

2190 

43. 3 

1.0 

6. 2 

0. 081 

2260 

2.60 

131 

179 

169 

153 

(Continued) 
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CERIUM COMPOUNDS 

Borides (Continued) 

Ce B4 

Work Function, ev 

Microhardneas, kg/mm^ 

Gray brown 

Emissivity at 1500 C 
(X = 0. 655 ¡j.) 

Carbides 

CeBfc 

2. 59 

3140 

Blue violet 

0. 68 

Molecular Weight 

Structure 

Lattice Type 

ao> A 

co > 

Density, g/cm 3 

Melting Point, C 

Resistivity, 
microhm-cm 

Coefficient of Thermal 
Expansion, 10“6/c 

Magnetic Susceptibility, 
IO"® emu/mole \ 

I 
V 

Effective Magnetic 
Moment, Bohr magnetons 

CeCz Ce¿C3 

164.15 316.24 

Body-centered Bcc 
tetragonal 

CaC2 PU2C3 

3-88 8.448 

6.49 

5.56 6.969 

'2540 

58.8 202 

10.1 10.4 

1640 

2.19 

Authority 

153 
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a-CeGe2 

a-ThSi2 

4.27 

14. 08 

256.7 

/3-CeGe2 

a-GdSi¿ 

4 36 

4. 26 

14. 07 

262.5 

Ce^Ge^ 

Hep 

8.875 

6 570 

3.92 

Germanides 

Structure 

Lattice Type 

ao’ A 

bo> A 

co’ A 

Density, g/cm^ 

Volume of Unit 
Cell, A3 

Halides 

Structure 

CeBf3 C«C13 CeF3 

Hexago- Hexago- Hexago- 
nal nal „,i 

UC13 UC13 

7.450 7,114 

•* 4.316 7.273 

6.99 

262,98 -- 

(62) 

732 802 1437 

8 8 5 

1660 1730 2327 

47.6 62.8 62 

24 23 24 

Cel3 CeOCl CeOr 

Ortho- Tetragonal Fee 
rhombic 

PuBr3 

14.0 4.080 5. 703 

4.4 

10.1 6.831 

168 .. r. 

(7) 

752 

12.4 

12.0 

(1400) 

24 

Lattice Type 

V A 

8o» A 

co» A 

Demity, g/cm3 

Heat of Formation, 
kcal/mole 

Entropy of Formation, 
eu/mole 

Melting Point, C 

Heat of Fusion, kcal/mole 

Entropy of Fuiion, eu/mole 

Boiling Point, C 

Heat of Vaporization, 
kcal/mole 

Entropy of Vaporization, 
eu/mole 

Authority 

170,183, 
221 

55,93,108,158, 
159,181,184, 
185,186,211, 
215,218,235, 
236,237,279 

(Continued ) 
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CERIUM COMPOUNDS 

Halides (Continued) 

V*por Pressme (T in K), 

loP pmm Hg 

Heat of Sublimation, 
kcal/mole 

Entropy of Sublimation, 
«u/mole 

Heat Capacity (25-300 C), 
cal/(moleXC) 

A^mP ” AH29e' 
kcal/mole 

Color 

Cation Radius, A 

Thermodynamic Data 

_CeCJ3-CeF3__ Cel3 CeOCl CeOF 

'12.334 

• 14990 
T 

Ö8.3 

43 

'12.035' 

- 15544 
T má 

70.7 

41.5 

15. 4 + 

0.175 T 
36.5 

20.8 

White 

1.034 1.034 

212 

reaction, conceJ^cZ^ entitle.. 

^ * Aa ♦ (Ab « 10*S)T ♦ (Ac * lO'^T2 ♦ 
t5 

Am - AHpjjj . (A.)T ♦! (Ab a lo’3,^ *1 (Ac * io^jt* - V3(Ad« io&> + ^ 

AS . (2.303 Aa)logT * (Ab x lO’3)! 4 (Ac x 10-«)T2 . Va^xjo^ _ ^ 

.i (4t, „ V ,r4(j >) Ai 

Raactlon 

Tampara- 

,ur* ,-ûHra»s. 

442 

Ca(a) + * rj(,) . Carj(.) 29s.i04S 4U 

C«(/) + I Fjlg) . CaFj(a) 104S-1733 

CMÍ) * 7 r2<«» - C'i-ifi) 1733-2500 

Ca(a) + 2r ;(,) . Car4(a) 29S-Í04S 

Ca(l) + ZF,(,) . CaF4(a) 104S-1250 

Ca(i) + ZFjf,) . Car4(|) 1250-2000 

Ca(l) + 2r2(,) . CaF4(,) 2000-2500 

C«(a) + I cij«,) . CaCl,(,) 29S-104S 

C«(/) + } Cljf,) • CaCl|(,) 1048-10S5 

C*(i) + Cl 2 (,) . CaClj(t) 1 OSS-2000 

Ce</) + j ci2(,) . CaCl,(,) 2000-2500 

Ä. 

39S 

420 

ZS2. 84 îï5.1 

Aa 

1.5 

11.7 

4.0 

0.5 

13.5 

-4.5 

4.5 

1.0 

11.0 

-1.0 

Ab 

1. 1 

7.1 

-0.7 

2.1 

«. 1 

-0.9 

4.1 

2.4 

8. 4 

-0.4 

-0.4 

Ac Ad 

1.2 

1.2 

1.2 

1.4 

1.4 

1.4 

1.4 

1.0 

1.0 

1.0 

1.0 

ÛA, 
Rcal/mola 

-0. 480 

-2.407 

-1.970 

-0. 755 

-2.482 

-0.701 

73. 30 

-1.104 

-2.851 

0. 189 

70. 19 

-AB, 
au 

78.5 

42.5 

131.0 

94.5 

80.5 

193.2 

2.3 

84.8 

48.8 

121.1 

4.9 

-A(B-a» 

•2.0 

42.5 

142.7 

100.5 

• 1.0 

144.7 

-2.2 

•9.3 

49.8 

132.1 

5.9 
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Hydrides 

Structure 

ao> A 

Density, g/cm 

Heat of Formation, 
kcal/mole H¿ 

Color 

Nitrides 

Molecular Weight 

Structure 

Lattice Type 

ao> A 

Density, g/cm^ 

Heat of Formation, 
kcal/mole 

Entropy of Formation, 
eu/mole 

Heat Capacity, 
cal/(mole )( C) 

Coefficient of Thermal 
Expansion, 10"^/C 

Magnetic Susceptibility 
10"^ emu/mole 

CeH2 CeH3 

Fluorite • Fluorite 

5.581 

5.43 5.55 

33.9 42.26 

-- Dark blue 

CeN 

154.14 

Fee 

NaCl 

5.02 

7. 89 

78.0 

25 

11. 1 

30.0 

433 

Authority 

9»,187 

153,167, 
258 

Color Bronze 



136 CERIUM COMPOUNDS 

Oxides 

Structure 

ao > ^ 

Cq) A 

Density, g/cm^ 

Heat oí Formation, 
kcal/mole 

Entropy of Formation, 
eu/mole 

Melting Point, C 

Coefficient of Thermal 
Expansion, 10-6/C 

Effective Magnetic 
Moment, Bohr 
magnetons 

Color 

Thermodynamic Data 

CeOz ^6303 

Fee Hexagonal 

5.41 3.880 

6.057 

7. 2 

217.46 

35.2 

1950 -1690 

10.7 

2. 6 

White 

Authority 

156,172,176, 
177,212,218, 
219,220,224, 
245,259 

reaction!: 
The equation! given on page 134 may be wed in calculating thermodynamic quantitiei for the following 

(Continued) 
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Oxides (Continued) 

Authority 

Thermodynamic Properties of Ce02 and Ce^Oj 

CeOz 

^'^98.15- 
T, K cal/mole 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

1500 

1600 

1700 

1800 

1,580 
3,220 

4,940 

6,720 

8,540 

10,380 

12,250 

14,140 

16,050 

17,980 

19,930 

21,900 

23.890 

25,910 

27,960 

ST ^298.15- 
cal/(KXmole) 

4,55 

8.21 

11.34 

14.08 

16.51 

18.68 

20.65 

22.45 

24.11 

25.66 

27.10 

28.46 

29.74 

30.97 

32.14 

Ce203 

T.K 

400 

500 

600 

700 

800 
900 

1000 

HT’H298.15* 
cal/mole 

3,000 

6,150 

9,410 

12,740 

16,140 

19,620 

23.180 

ST'S298,15- 
cal/(KXmole) 

8.63 
15.66 

21.60 
26.73 

31.27 

35.37 

39.12 

224,245 

Phosphides 

Structure 

Lattice Type 

a0i A 

Selenides 

Structure 

Lattice Type 

®o* ^ 

co* ^ 

Density, g/cm3 

Melting Point, C 

CeP 

Fee 

NaCl 

5.909 

CeSe CeSc2 

Fee Tetra6o 

NaCl 

5.992 8.43 

062863 €63864 0620386 

Bcc Hep 

Th3P4 Th3P4 

3.960 8.973 ' ^4 

8.49 

6.55 6.45 6.35 6.76 

1820 — 1825 

7.06 

6.51 

169 

169,189,191, 
192,193,194, 
225,226,227, 
228,229 

(Continued) 
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CERIUM COMPOUNDS 

Selenides (Continued) 

CeSe 

Resistivity, microhm-cm 100 

Tliermal Conductivity, 0.03 
cal/(cmXsecXC) 

Magnetic Susceptibility, 2180 
10*6 emu/mole 

Effective Magnetic Moment, 2.3 
Bohr magnetons 

Color 

Silicides 

Molecular Weight 

Structure 

Lattice Type 

ao r A 

co> A 

Heat of Formation, 
kcal/mole 

Density, g/cm^ 

Resistivity, 
microhm-cm 

Microhardness, 
kg/mm 2 

CeSe2 Ce2Se3 Ce3Se4 Ce202Se 

2.92 x10s 3.3 X 103 8.0 x 103 

2220 2068 

2.2 2.2 

Violet -- Maroon 

CeSi CeSi2 

168.22 196.31 

Orthorhombic Tetragonal 

FeB ct-ThSi2 

4. 175 

13.848 

50 

5.45 

408 

540 

Autnority 

153 
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CERIUM COMPOUNDS 

Selenides (Continued) 

Ce&e 

Resistivity, microhm-cm loo 

Thermal Conductivity, 0.03 
cal/(cmXsecXC) 

Magnetic Susceptibility, 2186 
10‘6 emu/mole 

Effective Magnetic Moment, 2.3 
3ohr magnetons 

Color 

Silicides 

Molecular Weight 

Structure 

Lattice Type 

ao> A 

c0s A 

Heat of Formation, 
kcal/mole 

Density, g/cm^ 

Resistivity, 
microhm-cm 

Mic r oha rdne s s, 
kg/mm2 

CcSe2 Ce2Se3 Ce3Se4 Ce202Se 

2.92 X 108 3.3 X 103 8.0 X 103 

2220 2068 

2.2 2.2 

Violet -- Maroon 

Ce Si CeSi2 

168.22 196.31 

Orthorhombic Tetragonal 

FeB a-ThSi2 

4. 175 

13.848 

50 

5.45 

408 

540 

Authority 

153 
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Sulfides 

CeS 

Molecular Weight 172,20 

Structure Cubic 

âo» A 5.778 

co* A 

Dcmlty, g/cm3 5,94 

Heat of Formation, 117.9 
kcal/mole 

Entropy of Formation, (5) 
eu/mole 

Melting Point, C 2450 

Heat Capacity, cal/(moleXC) 12.24 

Retinivity, microhm-cm 170 

Temperature Coefficient of 0.67 
Reiiitivity, 10'3/C 

Coefficient of Thermal 12.37 
Expansion, (20-1000 C), 
10-6/C 

CeS2 yCqzSa Ce3S4 CejC^S 

204.26 376.46 548.65 344.33 

C^uic Cubic Cubic Hexagonal 

8.12 8.635 8,623 4.00 

6.82 

5«07 5.59 5.675 5.99 

300.5 421.5 430 

(13) (12) (10) 

1700 1890 2080 1950 

30.15 

1.19 X 1012 400 

10.45 

Thermal Conductivity, 3.039 
cal/(cmX»ecXC) 

Magnetic Suiceptibility, 2125 2286 2520 
10 emu/mole 

2160 2139 

Work Function at 1700 K. ev 3.95 

Debye Temperature, C 677 

Color Gold 

3.95 

928 

Dark ' Red 
brown 

EmDiivity (A ■ 0.655 p) 0.66 

Temperature of Transition 

to Semiconductor, C 

Black Dark 

brown 

Authority 

153,186, 
193,198, 
200,230, 
231,239 
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CERIUM COMPOUNDS 

Tellurides 

Structure 

Lattice Type 

a0. A 

Co« A 

Density, g/cm3 

Reiinivity, microhm-cm 

T emperature Coefficient 
of Resistivity, 10‘3/C 

Thermal Conductivity, 

cal/(cmX»ccXC) 

Color 

Miscellaneous 

Celr2 

CeOs2 

CeRhj 

CeRu2 

CeTe CeTe2 Ce2Te3 Ce3Te4 Ce202Te 

Fcc Tetragonal - ßcc Hexagonal 

NaCl FcjAs 

6.359 4.51 

9,10 

-- 7.06 

200 

1.2 

9.535 

Th3P4 

9.528 

6.6 6.7 

1.1 xlO4 1.8 xlO3 

4.09 

12.92 

6.64 

0.027 0,0029 0,005 

Maroon 

Melting Superconducting Transition 
s™« Point, C Temperature, * 

Cubic 7.571 

Cubic 7.593 

Cubic 7.638 

Cubic 7.5364 1539 4.9 

Authority 

169,193, 
202,205, 
233 

150,206 
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Symbol Pr 

PRASEODYMIUM 

Atomic Number 59 
Atomic Weight 140.92 

PHYSICAL PROPERTIES 
Authority 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization (25 C) 

Vapor Pressure (1644- 
2120 K) 

Specific Heat (25 C) 

Heat of Combustion (25 Q 

Coefficient of Linear 
Thermal Expansion 

3. 5-5. 5 ppm (approx. 5. 5) 

6. 769 g/cm^ 

935 C 

1.650 kcal/mole 

3127 C 

79 kcal/mole 

18083 
Lo8 u = 8. 069 - mm Hg X 

6. 48 cal/(mole) (C) 

218. 4 kcal/g-atom 

4. 8 X 10-6/C (-173 - 800 C) 

51 

67 

66 

66 

57 

57 

60 

53 

57 

61 

(Perminion of the Americcn Phyiical Society) 
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Thermal Conductivity 
(28 C) 

Heat of Sublimation 

Cohesive Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

Surface Tension 

0. 028 cal/(cm^)(sec)(C/cm) 

85 kcal/mole 

2. 7 ev 

152 K 

Authority 

54 

89 

75 

97 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Ionic Radius 

Closest Approach of 
Atoms 

FCP 

a0 = 3.6725 
c0 = li. 8354 

6. 769 

1.828 

20. 778 

79b C 

BCC 

a0 = 4. 13 A 
A 

6. 64 g/cm^ 

1.84 A 

21. 2 cm^/mole 

0. 760 kcal/mole 

+ 3 = 1.013, +4 = 0.99 A 

3. 633 A 

61 

61 

67 

67 

66 

66 

61 

55,93 

56 

Allotropie Modifications (1) a Fee structure with a0 = 4. 88 A 84 
occurs at 20 C when metal is sub¬ 
jected to a static pressure of 
40 kilobars 

CHEMICAL PROPERTIES 

Stable Oxidation State 

Electrode Potential 

Ionization Potential 

+ 3, +4 

[Pr = Pr+3 + 3Ï] 

l8t » 5. 8 volts 

81 
(standard hydrogen electrode) 

+ 2. 2 volts 81 

82 
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Metallographie Polishing Praseodymium may be sectioned, 
and Etching mounted and polished in a manner 

similar to that used for lanthanum. 
Praseodymium etches readily in air 
and reacts with various inorganic 
acid etchants í s does lanthanum. 

Corrosion Rates 
(In Air) 

Corrosion Data 

ELECTRICAL PROPERTIES 

Temperature Coefficient 
of Resistivity 

17 mil/year at 200 C 
8, 100 mil/year at 400 C 
27,600 mil/year at 600 C 
Oxidation rate increases rapidly with 

increasing relative humidity. 

Corrosive attack on crucible 
materials: 

Material Onset of Attack 
MgO None <1150 C 
Ta None <1200 C 

1.71 X 10"3/C 

Resistivity 
(a) HCP (25 C) 

68 
(j3) BCC (820 C) 

132 microhm-cm 

Authority 

62 

68 

91 

61 

61 

Resistivity Versus Temperature 

I 

É 

i 
X « > 

. 

Prm • odymium 

—J 
T^mtMwotur« 

0 to 820 C 

53,86 

(Permiiiion of the American 
Phyiical Society) 
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PRASEODYMIUM 

Resistance Versus Temperature (K) 
(Permission of the American Phyiical Society) 

Resistance Versus Pressure 
(Permi«ion of the American Physical Society) 

MAGNETIC PROPERTIES 

Susceptibility (25 C) 

Effective Magnetic 
Moment 

Curie Temperature 

5, 320 X 10 ^ emu/mole 

Theoretical 3.62 Bohr magnetons 
Measured 3.56 Bohr magnetons 

None 

Niel Temperature None 

Authority 

96 

96 

61 

61 

61 

61 
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Authority 

MECHANICAL PROPERTIES 

Young's Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 
Strength 

Impact Strength (Izod) 

Workability 

General Fabrication 

NUCLEAR PROPERTIES 

Isotopes 

Whole 
Number 

Mass 

140 
141 
142 
143 
144 
14 S 

146 

Thermal Neutron 
Cross Section 

3. 52 X 10^1 dynes/cm^ 

1.32x lO1* dynes/cm^ 

0. 305 

3. 28 X 10“^ cm^/kg 

37 (not annealed) 

70 F 400 F 800 F 
15.9 20. 1 6.7 103 psi 

14.5 14.7 5.8 103 psi 

10 15. 8 30 per cent 

41.2 103 psi 

4. 75 ft-lb 

Poor 

(See references) 

Decay, 
Mode 

ß+ 

pr 
ß- 

P~,e~,y 
ß- 
ß~,y 

11.2 ± 0.6 barns /atom 
or 0. 048 cm^/g 

Relative 
Abundanc e, Half 

percent Life 

-- 3. 5 min 
100 Stable 

19. 3 hr 
14 days 

— 17. 5 min 
4. 5 hr 
25 min 

57 

57 

61 

57 

57 

88 

88 

88 

61 

71 

88 

70,113 

58,98 

73 
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SAFETY 

PRASEODYMIUM 

Authority 

83 

Praseodymium 

Toxicity - Unknown. 
Radiation hazard - See National Bureau of Standards 

Handbook No. 42. 
Fire hazard - Moderate in the form of dust; when 

exposed to heat or flame fine dust ignites readily. 

Praseodymium Oxalate 

Toxicity — Highly toxic. 
•it 

Praseodymium Selenate 

Toxicity - Highly toxic. 

THERMODYNAMIC PROPERTI.ES 

Room Temperature 

s298 = n.6 Entropy 

Heat Capacity 

Heat Capacities of Praseodymium 

CP298 = 48 

Melting Point 

S1208 = 28-37 eu 

Cpi208 = 8‘ cal/(mole)(C) 

76,77 

76 

10 K. 
(.99) 

Cal/(Deg)(Mole at Indicated Temperature) 
25 K 50 K 100 K 150 K 200 K 
4. 36 6. 03 6. 36 6. 42 6. 45 

298.15 K 
6.48 

Heat Content and Entropy of Solid and Liquid Praseodymium 
(Ba«e. u-crystals at 298. 15 K) 

T, K 
hT - h298. 15' ST " s298. 15' 

cal/mole cal/(deg)(mole) 

400 
500 
600 
700 
800 
900 

Í000 
1071(a) 
1071(/^) 
1100 
1200 
1208(/=) 

670 
1, 370 
2,090 
2, 850 
3,640 
4,460 
5, 320 
5,950 
6, 270 
6. 500 
7, 300 
7, 360 

1.93 
3. 49 
4. 80 
5. 97 
7. 03 
7.99 
8. 90 
9. 51 
9. 81 

10. 02 
10. 72 
10. 77 

T, K 

1208(1) 
1300 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 

HT *h298. 15» 
_cal/mole 

10,160 
10.900 
11.700 
13.300 
14.900 
16.500 
18,100 
19.700 
21.300 
22.900 
24.500 

ST - S298.15» 
cal/(deg)(molc) 

13. 08 
13.67 
14. 26 
15. 33 
16. 27 
17. 12 
17. 88 
18. 58 
19. 22 
19. 81 
20. 36 

(Continued) 

L 
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Prop«rti«f 

Heat Capacities of Praseodymium (Continued) 

147 

Authority 

76 

For a-praseodymium solid: 
HT " H298. 15 e 5. 50 T + 1.60 x 10-3 T2 - 1 782 

(0. 2 percent: 298 - 1071 K); 
Cp * 5. 50 + 3. 20 x 10-3 T; 
^”1071 (transition) = 320. 

For ^-praseodymium solid: 
HT ' H298. 1 5 * °0 T - 2, 300 

(0.1 percent: 1071 - 1208 K); 
C » 8. 00; 

Û"1208 (fusion) * 2, 800. 

F or Liquid praseodymium: 
HT " h298. 15 * 8- 00 T + 500 

(0. 1 percent; 1208 - 3000 K); 
Cp = 8. 00. 

Specific Heat 
53,97 

0 to 180 K 

Below 2 K the specific heal of praseodymium can be written 
with 1 per cent accuracy. 

Cp e «. 53T3 ♦ M.4T + 90.9T*8. 

(Permission of Cordon and Breach, Science Publishers, Inc.) 

V St 

.il.1 

A. 
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PRASEODYMIUM 

PRASEODYMIUM COMPOUNDS 

Antimonides 

Structure 

Lattice Type 

ao* A 

Effective Magnetic 
Moment, Bohr 
magnetons 

Arsenides 

Structure 

Lattice Type 

a0t A 

Effective Magnetic 
Moment, Bohr 
magnetons 

Beryllides 

ao> A 

Bismuthides 

Structure 

PrSb 

Cubic 

NaCl 

6. 366 

3. 63 

PrAs 

Cubic 

NaCl 

6. 009 

3. 80 

PrBejj 

10.367 

PrBi 

Cubic 

Lattice Type NaCl 

Effective Magnetic 
Moment, Bohr 
magnetons 

Borides 

Molecular Weight 

Structure 

6.461 

3. 52 

PrB3 

173. 38 

Pseudo- 
cubic 

PrB4 

184.¿0 

Tetrag¬ 
onal 

PrB6 

205. 84 

Cubic 

aoi 
c o* 

A 
A 

7. 20 4. no 
4. 11 

Authority 

169,270 

169,270 

179 

169,270 

153,155, 
171 

(Continued) 
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Borides (Continued) 

Density, g/cm^ 

Resistivity, 
microhm-cm 

Temperature 
Coefficient of 
Resistivity, 10"^/C 

Coefficient of Thermal 
Expansion, 10“6/C 

Thermal Conductivity, 
cal/(cm)(sec)(C) 

Magnetic Susceptibility, 
10"° emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Work Function, ev 

Debye Temperature, K 

Color 

Metallic Radius, A 

Emissivity 
(X = 0. 655 n) 

Carbides 

Molecular Weight 

Structure 

Lattice Type 

Density, g/cm^ 

PrB3 PrB4 PrB6 

5.20 5. 74 4.851 

20 

1.92 

7.55 

0.98 

4800 

3.37 

3.12 

737 

Gray Dark 
brown blue 

2. 19 

0. 67 

PrC2 pr2C3 

164.94 317.84 

Body-centered Bcc 
tetragonal 

CaC2 p,*2C3 

3.85 8.7072 
6.42 

5.73 6.621 

Authority 

153 

(Continued) 
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PRASEODYMIUM COMPOUNDS 

Carbides (Continued) 

Melting Point, C 

Resistivity, rmcrohm- 

cm 

PrC2 

2535 

25. 7 

Pr2C3 

Coefficient of Thermal 
Expansion, 10-^/C 

Magnetic Susceptibility, 
10-6 emu/mole 

11.4 

4500 

Effective Magnetic (3- 15) 
Moment, Bohr 
magnetons 

Curie Temperature, K 5.2 

Germanides 

Lattice Type 

a0> A 

co’ A 

Volume of Unit Cell, 
A3 

PrGe2 

(X-ThSi2 

4. 26 
13.98 

253. 7 

Halides 

Structure 

Lattice Type 

ao> A 

c0' A 
B, deg 

Density, g/cm^ 

Heat of 
Formation, 
kcal/mole 

PrBrj PrCl3 PrFj 

Hex- Hex¬ 
agonal agonal 

UC13 

7.422 7.061 

4.275 7.218 

6.18 

252.09 

Prl3 PrOCl PrOF 

Ortho- Tetra- Rhombo 
rhombic gonal hedral 

PuBr3 

13.9 4.051 7.016 
4.3 

10.0 6.810 
33.03 

6. 39 

157 242.8 

Authority 

183 

55,93, 
108,157, 
158,181, 
182,184, 
185,186, 
212,215, 
218,235, 
236,211, 
279 

(Continued) 



T P 

Prop*rti«s 

Halides (Continued) 

Entropy of 
Formation, 
eu/mole 

PrBr3 PrCl3 PrF3 Prl3 

63 -- * 

PrOCl PrOF 

45 

Melting Point, 693 786 1395 733 
c 

Heat of Fusion, 11. 3 12.1 8 l£ 7 
kcal/mole 

Entropy of 11.7 11.4 
Fusion, 
eu/mole 

12.6 

Boiling Point, 1550 1710 2327 1380 
C 

Heat of 
Vaporisation, 

l/mole 

52.3 62 41 

Entropy of 2 
Vaporisation, 
eu/mole 

23 24 25 

Vapor Pressurefl2.508 1 
(TinK) L-14916/tJ 

lo* pmm H* 

12. 1. 
-15439j 

12. 703 
-14640 

Heat Capacity, 31.5 32.3 
cal/(moleMC) 

n. 3 

Color 

AH. mp 
ûh298* 
kcal/mole 

Refractive 
Index 

Green 

18.0 21.5 -- 19,5 

1.82 

151 

Authority 

(Continued) 

* 



152 PRASEODYMIUM COMPOUNDS 

Authority 

Halides (Continued) 

Thermodynamic Data 212 

GUixier bat supplied in ANL-S750 the following equations for calculating thermodynamic quantities. The reactions 
concerned and the constants !>r use in these equations are tabulated. 

ACp ■ Aa ♦ (Ab « 10‘*)T ♦ (Ac x lO'6)'!2 + 

AH - AHpjjg »(Aa)T4j (Ab X (Ac xlO'6)!3 -V2(A^X + fa 

AS - (2.303 Aa)LogTt (Ah x 10*a)T+j (Ac x 10'®)!® - - Ai 

AP - AHp2B6 ^-(2.803 Aa)TlogT - j (Ab x 10^)1^ - j (Ac x W*)'!3 - IZîiâËJLlSÎl - TA(i - ») - A* . 

T tmpC rature 
_Reaction_ Ran«t, K 

Pria) ♦ I r,ti) - Prr,(a) MS- IMS 

l»r(f) »Irjt«) . PrFjta) UOS-IMI 

Pr(jt) a 2 r2(() . Prr,(11 im J-isao 

Pr(a) ajCljt«)" PrCl^a) MS-1049 

Pr(a) e|cij<s> • PrCI,(f) 1044-IMS 

Pr(lt 4 |CI2<1) • PrCljU» U0S-I9S0 

Pr(l) ♦ I Cl|(«i - PrCl,<il MSO-1S00 

-£Hfms- 
Seal/mole 

411 

-ûr2,j, 
kcal /mole Aa Ab 

195 i.4 4. 1 

-0.(. S. 9 

— n.i -o.T 

AA, 
Ac AS kcal/mole 

.. 1.1 -0.4SS 

1.2 -1.709 

1.2 -0.475 

151.02 115.4 1.7 1.4 

.. .. 11.4 -5.0 

.. — 10.9 -0.4 

.. — -l. I -0.4 

1.0 -0.900 

1.0 0.21 

1.0 -1.202 

1.0 40.54 

-AB, 
ee -A(B-a) 

71.4 75. S 

59. S 59.1 

125.1 174.9 

SO. 2 SI. 9 

114.7 14S.5 

121.1 111.0 

4.S 5.7 

Hydridee 

Structure 

186,187 

PrH2 PrH3 

Fluorit« Fluorite 

Density, g/ctn* 

Hent oí Formntion, 
kcal/mole H2 

5. 517 

5.65 

♦7. 8 

5. 56 

39. 52 

(Continued) 
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Nitrides 

PrN 

Molecular Weight ¡ 54 

Structure 

Lattice Type 

Density, g/cm3 

Resistivity, 

microhm-cm 

Temperature Coefficient 1,9 
of Resistivity (80-500 K) 
10“3/C 

Coefficient of Thermal 13, | 
Expansion (60-500 K) 
io-6/c 

Cubic 

NaCl 

5. 16 

7.467 

110 

Magnetic Susceptibility, 4460 
10*6 emu/mole 

Effective Magnetic 3 
Moment, Bohr 
magnetons 

Curie Temperature, K 0. 0 

Oxides 

Structure 

*0* ^ 

Density, g/cm3 

Heat of Formation, 
kcal/mole 

Entropy of Formation, 
eu/mole 

Pr2°3 Pr6°ll 

Cubic; Hexagonal Cubic 

109 ” 5.4695 

7. 0 

218.4 217.9 

35.4 35.4 

Authority 

149,153, 
169,223 

156,172, 
177,238 

(Continued) 
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PRASEODYMIUM COMPOUNDS 

Oxides (Continued) 

Pr02 

Melting Point, C 

Magnetic Susceptibility, 1910 
10~6 emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Thermodynamic Data 

Pr2°3 

2200 

4410 

3.6 

Pr6°l 1 

2540 

W««l<on 

iPr(.| »io,!,) . PrjO,!.) 

Trmp«rA1urr -AM,,,,. -ûr,,,. 

—' K fcol /molt lie« I/molt t» 

i»i- UOi 

. PrjGjIt) UW.¿¿00 

IHrlil » io,|,J . Pf,0,(1) i/OO-ltOO 

Pr,*> ‘ 0,(11 . PrOfl.l n«.TOO 

Phosphides 

\ 

Structure 

Lattice T) pe 

*0* A 

Effective Magnetic 
Moment, Bohr 
magnetons 

411 S 414. 4 

no 114.4 

A4 

*•* -*.* 

0. 4 ). 4 

».4 -0.4 

4.1 -1.4 

Ac 

PrP 

Fee 

NaCl 

5.872 

3. 77 

Selenides 

i- rSe 

Structure 

Lattice Type 

*0* A 
c0, A 

-rS*Z Pr2S*3 Pr3Sc4 Pr202S« 

Bcc Hep Poc Tetrag- Bcc 
onal 

5.940 8. 37 
8.44 

Th3P4 ThjP4 

8. 909 8. 927 4. 01 
7.04 

Authority 

AA. 
A4 4c«|/mtlt 

-M -1.144 

*1.1 -4.4*4 

-1. s -*. m 

-•* -1.414 

212 

•AB. 
-at_ -Ai»-«i 
101.4 10«. I 

W. 1 T4. * 

»04.4 I IT. 0 

T0.1 74 4 

169,270 

189,191, 
192,193, 
194,225, 
226,227 

(Continued) 

Et 



Prop«rtits 155 

Authority 

Selenideu (Continued) 

PrSe PrSe2 Pr2®e3 Pr3Se^ Pr202Se 

Density, 
g/cm^ 6. 80 6.68 -- 6. 89 6.65 

Temperature 0.9 
Coefficient 
of Resietivity, 
10-3/c 

Thermal Con- 0.022 
ductivity, 
cal/(cm) 
(eecKC) 

Magnetic Sus- 4611 4631 4465 
ceptibility, 
10“6 emu/ 
mole 

Magnetic 3.3 3.3 3. 38 
Moment, 
Bohr 
magnetons 

Color -- Dark Green 
gray 

Beige 

Silicides 

Molecular Weight 

Structure 

Lattice Type 

co* ^ 

Density, g/cm3 

Resistivity,, 
microhm-cm 

Curie Temperature, K 

Transformation Temper¬ 
ature, K 

a-PrSig /3-PrSÍ2 

197.0 197.0 

Orthorhombic Tetragonal 

o-YSí2 a-ThSi2 

4.23 4.140 
4.40 
13.68 13.65 

5. 38 5. 64 

202 

10.5 

a -* /3 at 153 

153,160 



156 

praseodymium COMPOUNDS 

Sulfides 

Molecular 
Weight 

Structure 

Density, 
g/cm^ 

Melting 
Point, C 

Heat 

Capacity, 

cal/(mole) 
(C) 

I 

Resistivity, 
microhm- 
cm 

Temperature 
Coefficient 
of Resis¬ 
tivity (20- 
1000C), 
10-3/c 

Coefficient 
of Thermal 
Expansion, 
10-6/c 

Thermal 
Conduc¬ 
tivity, IQ”2 
cal(cm) 
(•ecMC) 

Magnetic 
Suscepti¬ 
bility, 10“^ 

emu/mole 

££3¾ pr2o2s 
”2.99 205.04 378.05 551.02 345.91 

Cubic 

5. 747 

6. 07 

2230 

12. 37 

Cubic 

8. 08 

4. 90 

1780 

Cubic 

8.611 

5-,27 

1795 

30. 4 

Cubic 

S.611 

5. 77 

2100 

Hexagonal 

3. 974 
6. 825 

6. 16 

Authority 

153,198, 
230,239 

240 

0. 54 

1. 1 X 

1012 

14. 3 12. 09 

3.3 0. 716 

4730 4800 4640 

(Continued) 
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Sulfides (Continued) 

Work Function, 
ev 

Debye Tem¬ 
perature, K 

Emissivity 
(X = 0. 655 n) 

Color 

Tellurides 

Structure 

Lattice Type 

ao* ^ 
co» A 

Density, g/cm3 

Thermal Conductivity, 
cal/(crn)(sec)(C) 

Color 

Miscellaneous 

Authority 

PrS PrS- 

3. 90 

7Pr2S3 Pr3S4 Pr?0?S 

638 

0. 73 

0. Cl9 

3. 84 

855 

'told 

PrTe 

F cc 

NaCl 

6. 322 

prTe2 

Tetragonal 

F e2As 

4. 46 
9. 05 

9.482 

6.6 

2w2k 

Pr2Te3 Pr202Te 

Hexagonal 

4. 06 
12. 83 

Prlr_ 

Structure Uttice Type «0, A c^A Point. C 

~ — 7.S21 — 

Curie 
Melting Temperature, 

K 

Light 
green 

Superconducting 
Transition 

Temperature, K 

PrMg12 Body-centered ThMn12 
tetragonal 

Pr°»2 - 

PrPt2 

PrRh2 

PrRuo — 

10.34 5.98 

7.663 

7.709 

7.575 — 

7.6223 — 1681 

18.5 

>35 

7.9 

8.6 

40 

169,202, 
205,240, 
242 

150,206 

21 



Propvrti«« 

Symbol Nd 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization 
(25 C) 

Vapor Pressure 
(1528-1923 K) 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal Expansion 

159 

NEODYMIUM 

Atomic Number 60 Atomic Weight 144.27 

12-24 ppm (approx. 24) 

7.016 g/cm^ 

1024 C 

1.705 kcal/mole 

3027 C 

69 kcal/mole 

Log Pmm Hg B “ 
16320 

T 

6. 57 cal/mole C 

216.08 kcal/g-atom 

6.7 X 10-6/C (-173 - 850 C) 

Authority 

51 

67 

66 

66 

57 

57 

60 

53 

134 

61 

(Permission of American Physical Society) 

i 



160 NEODYMIUM 

Thermal Conductivity 
(28 C) 

Heat of Sublimation 

Cohesive Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

0.031 cal/(cm2)(seg)(C/cm) 

77 kcal/mole 

3. 3 ev 

157 K 

Authority 

54 

89 

75 

97 

Surface Tension as a Function of Temperature 

T^C 

1030 
1054 
1072 
1094 
1110 
1154 
1167 
1186 

CRYSTAL PROPERTIES 

Structure 

Lattice 
Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition 
Temperature 

Heat of Transition 

0, dyne/cm 

688 
685 
684 
681 
682 
680 
681 
674 

HCP 

a0 ■ 3. 6579 
c0 ■ 11.7992 

7.016 

1.821 

20.60 

868 C 

BCC 

a0 ■ 4. 13 A 
A 

6. 80 g/cm3 

1.84 A 

21.2 cm3/mole 

0. 713 kcal/mole 

Ionic Radius 0.995 A 
(Trivalent Ion) 

Closest Approach of 3.62 A 
Atoms 

101 

61 

61 

67 

67 

66 

66 

61 

55 

56 



Properties 161 

Allotropie Modification 

CHEMICAL PROPERTIES 

Stable Oxidation State 

Electrode Potential 

Ionization Potential 

Metallographie Polishing 
and Etching 

Corrosion Rates 
(Ii Air) 

Corrosion Data 

(1) a Fee structure with a0 * 4.80 A 
occurs at 20 C when metal is 
subjected to a static pressure 
of 50 kilobars 

+ 3 

[Nd = Nd+3 + 3e] + 2.24 volts 
(standard hydrogen electrode) 

1 st = 6. 3 volts 

Neodymium samples may be 
sectioned in air. Although the metal 
is considerably more stable than 
lanthanum with respect to atmo¬ 
spheric corrosion, it must be 
polished in a similar manner. The 
unetched surface after polishing 
need not be examined through a 
mineral bath. 

14 mil/year at 200 C 
78 mil/year at 400 C 
983 mil/year cit 600 C 

Oxidation rate increases rapidly 
with increasing relative humidity. 

Authority 

84 

81 

81 

82 

62 

68 

Corrosive attack on crucible materials: 

Material Onset of Attack 

CaO Mild > 900 C 
MgO None < 1200 C 
Ta None < 1100 C 

ELECTRICAL PROPERTIES 

Resistivity 

Temperature Coefficient 
of Resisitivity 

(a) HCP (25 C) (ß) BCC (890 C) 

64. 3 137 microhm-cm 

1.64 X 10-3/C 

91 

61 

61 



162 NEODYMIUM 

} 

Resistivity Versus Temperature 

Authority 

53,86 

Tcmparatur* 

0 to 850 C 

(Permission of the American 
Physical Society) 

Resistance Versus Pressure 96 
(PermiMion of the American Physical Society) 
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MAGNETIC PROPERTIES 

Susceptibility (25 C) 

Effective Magnetic 
Moment 

Curie Temperature 

Niel Temperature 

MECHANICAL PROPERTIES 

Young's Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 
Strength 

Impact Strength (Izod) 

Workability 

General Fabrication 

Authority 

5,650 X 10"6 cmu/mole 

Theoretical 3.68 Bohr magnetons 61 
Measured 3.3 Bohr magnetons 

7.7 K 
61 

3.79 X 10^1 dynes/cm^ 

1.45 X lOH dynes/cm^ 

0. 306 

3.02 X 10"6 cm^/kg 

35 

70 F 800 F 

7 6.0 10^ psi 

9 5.7 10^ psi 

11 13 per cent 

35. 5 1q3 psi 

8.3 ft-lb 

Good 

(See references) 

57 

57 

61 

57 

57 

88 

88 

88 

61 

71 

88 

70,113 

ft 



164 
NEODYMIUM 

NUCLEAR PROPERTIES 

1»otope » 

Whole- Relative 
Number Abundance, Decay 

Ma»» per cent Half Lile MSáf- 

141 
142 
143 
144 

2.5 hr ß+ 
27.13 Stable 
12.20 Stable 
23.87 Stable 

145 
146 
147 
148 

8.30 Stable 
17. 18 Stable 

-- 11 hr X, r,e-,> 
5.72 Stable 

149 
150 
351 

5.60 

1.7 days 0*,")rorX 
Stable 
Short 0* 

Thermal Neutron 46 * 2 barns/atom 
Cross Section or 0. 19 cm^/cm 

SAFETY 

Neodymium 

Toxicity - Unknown. 

Neodymium Brómate 

Toxicity - Unknown. 

Disaster control - Moderately dangerous because it 
emits highly toxic bromine fumes 
when heated; it reacts vigorously 
with reducing materials. 

Neodymium Bromide 

Toxicity - Unknown. 

Disaster control - Slightly dangerous because it 
emits highly toxic bromine fumes 
when heated. 

Authority 

58,98 

73 

83 

Neodymium Compounds 

Toxicities - Unknown. 

Fire hazard and disaster control depend on the nature 

of the anion present. 
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Propvrti«! 

tncrmodvnamic PtoRimus 

Cnl ropy 

Htm 
Capacity 

Room Temperature 

3*98 ■ 17. 9 

^P296 " 

TharmoQynamic Function• oí Neodymium 

Melting Point 

*1297 * H #u 

^p|¿9y n 10.65 
cal/(mole)(C) 

165 

Authority 

95 

95 

2H.il 
M 
m 
400 
4&0 
MW 
IM 
40C 
«M 
100 

100 
lie 
wo 
wo 

100G 
two 
not 
JIM. II 
im. is 
me 
taoo 
tain 
1201. II 
I2tT.ll 
not 
mo 
1*U IS 

!0tS 

Cp celAKItwM«} 

«•I 11.10 
•■M 11. M 
« n h.st 
*.»1 1A.41 
7.0* 20.20 
7.14 11.0» 
7.44 ti,« 
1.01 22.40 
t.OO 20.02 
*1* 20.« 
1*0 24.1» 
1.12 24.14 
0.H *0.2« 
»• *4 21. 01 
0.H *0.01 

10. « 14.12 
10.40 01.01 
10.1* 21.01 
11. « 21.1« 
l<h«* 20.10 
10. *6 21. « 
10.« 20.01 
10. « 20.02 
10.«* 10.11 
11. «< 01.12 
U. M 01. IS 
11. M 01.00 
U. M ».II 

^ "t». i,.'“ 
t 

ctiAKX mate) 

0.0 

0. Ml 
O'. »04 
1.110 
2.2M 
2. w 
i.in 
*.SM 
0.«« 
«.Ill 
4.412 
4.110 
4. 0*4 
i. m 
1.41« 
1.400 

«.Oil 
«.221 
I. *14 
cm 
1.W1 
1.1« 
l.i'00 

O.Ul 
1.1« 
«. *12 

(*) (mÇj* is - H8)/T a «.oí cal, «apee*! mete 4 

T 
caiAKXmate) 

11. M 
11. M 
IT.M 
11.1* 
IÍ.M 
14.2« 
11.14 
10.04 
10.14 
10.44 
10.14 
20.« 
20.03 
20. at 
20.00 

21.1« 
21.4« 
21.14 
21. M 
21.0* 
22.02 
22:.« 

22.41 
22. M 
22.0* 
22.00' 
•2.13 
»2.21 

mii i.i i.. I! ii .......... 
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Specific Heat 

Í'—— • 'i 

t* *. t — 
. 

w 
'/- 

L-,, 

0 to 1 SO K 

NCODYMIUM 

Authority 

S3,97 

• • 1m ■ipaM.niaei. e* *«d •«^•»unae«. T%* «*••• 
•««.i» bau» 1 K on a lafpe waia. 0M| lèmm M pat «« 
at ilia petan balo« 11 bra baea pleneb m. ta* mala 

P'«ph. 

0.4 ana l K dm tpaailta beat «ay ba «rttiaa «lib 

• US., TT* • IS. IT a * 4T * (fatmiaaMMi at Gotaaa 
j Mk» lMi a «ia, Qi.- . Éta.i lb« I I aIhnaa»e llhei1 % 
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NIOOYMIUM COMPOUNDS 

Antimonidaa 

Structurt 

Lattice Type 

*o’ ^ 

R««iativity, 
mic r ohm-cm 

Artemde* 

Structure 

Let tee Type 

•01 ^ 

Resistivity, 
microhm-cm 

Beryll ides 

•o* ^ 

Bismuthides 

Structure 

Lattice Type 

*0» -6 

NdSb 

Cubic 

NaCl 

6. 322 

7b 

NdAs 

Cubic 

NaCl 

5.970 

i 50 

NdBejj 

10.356 

NdBi 

Cubic 

NaCl 

6.424 

Authority 

169,229 

169,229 

179 

169 



168 NEODYMIUM COMPOUNDS 

Borides 

Authority 

153,171 

NdB4 NdB6 

Molecular Weight 187.55 209.19 

Structure Tetragonal Cubic 

a0i A 7.219 4. 125 
c0, A 4.1020 ; 

Density, g/cm3 5. 83 4.948 

Melting Point, C -- 2540 

■f 

Heat Capacity, -- 23.69 
cal/(mole)(C) 

Resistivity, -- 28.0 
microhm-cm 

Temperature Coefficient -- 1.93 
of Resislivity, 10“3/C 

Coefficient of Thermal -- 7.26 
Expansion, 10"^/C 

Thermal Conductivity, -- 0.113 
cal/(cm)(sec)(C) 

Magnetic Susceptibility, -- 2420 
10-6 emu/mole 

Effective Magnetic -- 3.82 
Moment, Bohr 
magnetons 

Work Function, ev -- 3.97 

Microhardness, -- 2530 
kg/mm ^ 

Color -- Dark blue 

Emissivity, . -- 0.64 
(X c 0. 655 p) 

Effective Metallic -- 2. 18 
Radius, A 



7 

Prop«rtÍ0S 

Carbides 

Molecular Weight 

Structure 

Lattice Type 

ao> A 
c0» A 

Density, g/cm3 

Melting Point, (C) 

Effective Magnetic 
Moment, Bohr 
magnetons 

Curie Temperature, K 

Ge rmanide s 

Lattice Type 

ao> A 

c0> A 

Volume of Unit 
Cell, A3 

NdCz 

168.29 

Body- 
centered 
tetragonal 

CaC2 

3.82 
6.37 

6.00 

>2000 

3. 53 

40 

NdGei 

a- ThSi2 

4.230 
13.920 

249.9 

. 169 

Authority 

153 

NdZC3 

324.54 

Bcc 

Pu2C3 

8.5478 

6.902 

170,183 

L 
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NEODYMIUM COMPOUNDS 

Authority 

Halides 
93,108, 

157,158, 
181,182, 
184,18L, 
186,212, 

.215,217, 
235,236, 
211.279 

Molecular Weight 

Structure 

Lattice Type 

a^» A 
bc A 
tj, A 

ß. deg 

Demity, g/cm3 

Heat of Formation, 
kcal/mole 

Entropy of Formation, 

eu/mole 

Melting Point, C 

Heat of Fusion, 
kcal/mole 

Entropy of Fution, 

eu/mole 

Boiling Point, C 

Heat of Vaporization, 
kcal/mole 

NdBra NdCl3 

— Hexagonal 

PuBia UCI3 

245.71 

NdFs Ndls 

201.27 

Hexagonal Orthorhombic 

— PuBrs 

7.030 13.988 
4.316 

7.200 9.977 

6.37 

152 

NdOCl NdOF 

Tetragonal Rhombohedral 

4.018 6.953 

6.782 
33.04 

6.65 

237.1 

(63) (8) (45) 

684 

10.8 

11.3 

1540 

46.8 

759 

12.0 

11.6 

1690 

51.8 

1374 

(8) 

(5) 

2327 

62 

787 

9.7 

9.2 

1370 

41 

Entropy of Vaporization, 25 24 

eu/mole 

Vapor Preuure, fl2.555 ~| ÎÏ2.014 

logPntmHg 1_-14829/Tj j_-15145/rj 

Heat of Sublimation, 67 68.8 

kcal/mole 

25 

Ü 12.476 ~j 
-14495/tJ 

Entropy of Sublimation, 44 41.3 

eu/mole 

(Continued) 



Properties 171 

Authority 

Halides (Continued) 

NdBr3 NdCl3 NdP3 Ndl3 NdOCl NdOP 

Heat Capacity, 

cal/(moleXC) 

AHmp ^298- 
kcol/mole 

Colo; 

Refractive Index 

31.0 35.4 

17.6 20.3 

27.6 

24.3 

Violet 

1.82 

Thermodynamic Data 212 

Glasner hat lupplied ln ANL-6750 the following equationi for calculating thermodynamic quantities. The reactions 
concerned and the constant> for ute in these equations are tabulated. 

ACp ■ Aa ♦ (Ah x 10‘S)T ♦ (Ac x 10'®) 

AH - AHP298 «(Aa)T>j (Ab x lO'8)!4 ♦ j (Ac x lO'6)!® - ,1°8) + ¿A 

AS - (2.303 Aa)LogT ♦ (Ab x 10'3)T (Ac x lO'®)!4 . Ab 

AP - AH®* -- (2.303 Aa)TlogT -^ (Ab x IO'8)!4 - ^ (Ac x IO'®)!3 - - ta(B - a) - Aa 
2 O T 

Reaction 
Temperature -dHr¿9g, -AF z<)i, 

Ranae, K kcai/mole kcai/mole Aa 

Nd(e) ♦ 1/2 rzigl • NdFj(a) 291 - 1297 

Nd(l) e 1/2 r2<S) • NdFj(a) 1297 -1683 

Nd(i) ♦ 1/2 F¿(|) > NdFi(J) 1681 - 2S00 

Nd(a) ♦ 1/2 Cl2(g) - NdClj(e) 298 1011 

Nd(a) ♦ 1/2 Cl2(g) • NdCljU) 1011 1297 

Nd(i) F 1/t Cl2(g) • NdCl)(i) 1297 1960 

Nd(Ü t 1 /2 Cl2(g) • NdCl)(g) 1960 2600 

410 

249. 62 

192 

227.9 

2.6 

-0.9 

».5 

4.1 

12.2 

Ab 

2.4 

7.7 

-0.7 

1.7 

-5.7 

AA, -AB, 
Ac Ad kcai/mole eu -A(B-al 

8.8 -0.4 

-2.2 -0.4 

— 1.2 

— 1.2 

— 1.2 

— 1.0 

-- 1.0 

— 1.0 

-- 1.0 

-0.469 

-2.981 

-0.988 

-0.949 

2.928 

0.012 

67.57 

74.1 

58.2 

76.9 

57.1 

116.6 120.1 

82. 2 86. 2 

121.7 115.9 

107.6 116.4 

0.8 -1.4 
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NEODYMIUM COMPOUNDS 

Hydrides 

NdH2 

Structure Fluorite 

ao» A 5.464 

Density, g/cm3 5.94 

Heat of Formation, 44.8 
kcal/mole H2 

Entropy of Formation, 43 
eu/mole H2 

Color 

Dissociation Rate ["9.370 "| 
(log P) [ -9796/tJ 

Nitrides 

NdN 

Molecular Weight 158.28 

Structure Cubic 

Lattice Type NaCl 

ao> A 5. 151 

Density, g/cm3 7.691 

Resistivity, 75 
microhm-cm 

Temperature Coefficient 0.70 
of Resistivity 
(80-500 K), 10“3/C 

Magnetic Susceptibility, 5850 
10“& emu/mole 

Effective Magnetic 3.71 
Moment, Bohr 
magnetons 

Authority 

91, 165, 
186,187 

NdH3 

Fluorite 

Indigo blue 

149,153, 
223 

(Continued) 
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Properties 

Nitrides (Continued) 

Color 

Curie Temperature, K 

Oxides 

Molecular Weight 

Structure 

a0, A 

Cq, A 

Density, g/cm^ 

Heat of Formation, 
kcal/mole of metal 

Entropy of Formation, 
eu/mole of metal 

Melting Point, C 

Effective Magnetic 
Moment, Bohr 
magnetons 

Thermodynamic Data 

NdN 

Black 

19 

Nd203 

336.48 

Hexagonal 

3.831 

5.999 

7.24 

216.08 

(35.3) 

2270 

3.7 

173 

Authority 

156,172, 
173, 176, 
177 

212 

The equation! given on page 171 m<y be used in calculating thermodynamic quantities for the 
following reactions: 

Raactlon 
Tamp« ratura -AHr29l> -*»■««, A A, -4B, 

Rani«. K kcal /mola kcal/mol« Aa Ab Ae kcal/mol« «u -¿<B-a) 

2Nd(«) * )/202(1) • NdîOjl.) 29S > 1297 428. 8 

2Nd(l> 4 3/202(g) ■ Nd^Oj»«) 1297 - 2800 

409. S 4.12 >0.91 

-- 1.9 2.7 

-1.3 -1.964 99.6 10 .0 

-1.3 -6.997 63.4 61.8 



174 NEODYMIUM COMPOUNDS 

Thermodynamic Functions for Neodymium Oxide 

Cp, 
T, K cal/(molcXK'< 

St-Si6. HfHie. 
ctl/(moleXK) cal/mole 

16 

20 

30 

40 

50 
60 

70 

80 

90 

100 

120 

140 
160 

180 

200 
220 
240 

260 

280 

298.16 

300 

I. 938 
2.394 

3.619 

5.1C5 

' 6.680 
8.202 
9.66G 

II. 07 

12.44 

13. ^4 

16.10 

18.14 

19.88 

21.37 

22.65 

23.72 

24.58 

25.32 

26. 01 

26.59 

26.65 

0.4863 

I. 6785 

2.9186 

4.2271 

5.5805 

6.9556 

8.3382 

9.7216 
II. 100 

13.819 

16.458 

18.997 

21.426 

23.746 

26.957 
28.058 

30.056 
31.958 

33.607 

33.774 

8.748 

38.563 
82.024 

140.95 
215.42 

304.82 

408.51 

526.09 
657.06 

955.99 
1298.9 

1679.6 
2092.4 

2533.0 

2997.0 

3480.3 

3979.4 

4492.8 

4970.9 

5019.4 

Cp. 
T, K cal/(KXl/2 mole) 

298.15 
400 

500 

600 

700 

800 

900 
1000 

1100 

1200 

13.0 

14.3 

15.1 
16.6 

16.1 
16.5 

16.8 
17.2 

17.6 

17.8 

Authority 

174 

-Or-Hie)^. 
c,l/(moleXK) 

0.04890 

0.3931 

0.8680 

1.4081 
I. 9902 

2.6010 

3.2318 
3.8762 

4.5294 

5.8524 

7.1801 
8.4995 

9.8016 

II. 081 

12.334 

13.557 • 
14.761 

15.912 
16.935 

17.043 

186 



Prop«rti*s 175 

Heat Content and Entropy Increments (Hexagonal) (Smooth Values! 
Neodymium Oxide 

HT-H298.15. ST^9<U5' 
T, K cal/mole c«l/(moIeXK) 

400 2,840 8.18 

500 5,770 14.71 

600 8,82 0 2 0.27 
700 11,980 25.14 

800 15,240 29.49 

900 18,580 33.42 

1000 22,000 37.03 

1100 25,500 40.36 
1200 2 9,07 0 43.47 

1300 32,700 46.37 
1395 36.210(a) 48.98(a) 

1395 36,350(/3 ) 49.08(/3) 

1400 36,540 49.22 

1500 4 0,260 51.78 

1600 43,980 54.18 

1700 47,700 56.44 

1800 51,420 58.56 

1900 55,140 60.57 

2000 58,860 62.48 

Phosphides 

Structure 

Lattice Type 

a0> A 

NdP 

Fee 

NaCl 

5.838 

Selenides 

Authority 

175 

169 

189,191, 
192,193, 
194,225, 
226,227, 
232 

Structure 

Lattice Type 

a0, A 

co, A 

NdSe NdSe2 Nd2Se3 Nd3Se4 NdzOzSe 

Fee Tetragonal Bcc 

NaCl — Th3F4 

5.879 8.33 8.841 

8.41 

Bcc Hep 

TI13P4 

8.859 3.97 

6.97 

(Continued) 
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NEODYMIUM COMPOUNDS 

Selenides (Continued) 

Density, g/cm^ 

Resistivity, 
microhm-cm 

Authority 

NdSe NdSe2 NdZSe3 Nd3Se4 Nd^OzSe 

6.93 6.83 6.69 7. 15 6. 99 

50 

Temperature 0.8 
Coefficient of 
Resistivity, 10-3/C 

Thermal 0.013 
Conductivity, 
cal/(cm)(sec)(C) 

Magnetic 4780 4763 
Susceptibility, 
10-6 emu/mole 

Effective Magnetic 3.4 3.4 
Moment, Bohr 
magnetons 

Color 

4685 

3.58 

Violet 

Silicides 

Molecular Weight 

Structure 

Lattice Type 

a0, A 

6q» A 

Co, A 

Density, g/cm3 

Melting Point, C 

q-NdSi2 /3-NdSi2 

200.45 200.45 

Ortho- Tetrag- 
rhombic onal 

a-YSiz a-TiiSiz 

4.18 4.103 

4. 15 

13.56 13.53 

5.62 5.84 

1525 

Bluish 
white 

152, 153, 
160 

(Continued) 



Propartitk 177 

Authority 

Silicides (Continued) 

Resistivity, 
microhm-cm 

Transition 
Temperature, C 

Transverse 
Rupture 
Strength, 10^ psi 

Sulfides 

a-NdSi2 

349 

ß-NdSi2 

a -» ß at 20 ¿o 150 

8.5 

Molecular Weight 

Structure 

a0, A 

c0, A 

Density, g/cm^ 

Hea; of Formation, 
kcal/mole 

Entropy of 
Formation, 
cu/mole 

Melting Point, C 

Heat Capacity, 
cal/(mole)(C) 

Resistivity, 
microhm-cm 

Temperature 
Coefficient of 
Resistivity, 10“^/C 

NdS 

176.34 

Cubic 

5.690 

6.36 

2200 

12.87 

242 

1.4 

NdS2 

208.39 

Cubic 

8.04 

5.34 

1760 

yNd2S3 Nd3S4 

384.74 

Cubic 

8. 527 

5.50 

138 

13 

2200 

31.41 

561.07 

Cubic 

8.524 

6.02 

2040 

7xl013 1.2x106 

153,186, 
193,198, 
200,230, 
241 

NdzOzS 

352.61 

Hexagonal 

3.946 

6.790 

6.47 

1990 

(Continued) 
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NEODYMIUM COMPOUNDS 

Sulfides (Continued) 

Coefficient ot 
Thermal 
Expansion 
(20-1000 C), 
10-6/c 

Thermal 
Conductivity, 
cal/(cm)(sec)(C) 

Magnetic 
Susceptibility, 
10-6 emu/mole 

Work Function, 
ev 

NdS NdS,1, 

IS. 35 

0.046 

4370 5082 

3.39 

Authority 

7Nd2S3 Nd3S4 NdzOzS 

12.90 

0.0092 

4924 4849 

3.93 

Debye ¿33 
Temperature, K 

Color Gold 

Emissivity, o. 80 
(X = 0.655 n) 

Tellu rides 

NdTe 

Structure Fee 

Lattice Type NaCl 

ao, A 6.249 

6o, A 

Co, A 

Density, g/cm3 

840 

Yellow Black Blue 
brown 

NdTez 

Tetrag¬ 
onal 

FezAs 

4.41 

9.04 

202,205, 
228,229, 
232, 246 

Nd2Te3 Nd3Te4 Nd2Q2Te 

Ortho- Bcc Hexagonal 
rhombic 

Th3P4 

12.12 9.438 4.03 

11.93 

4.37 .. izyy 

6.65 6.8 7.18 

(Continued) 



Prop«rti«s 179 

Tellurides (Continued) 

NdTe 

Melting Point, C 

Resistivity, 40 
microhm-cm 

Color 

Miscellaneous 

NdTe¿ Nd2Te3 Nd3Te4 

1650 1685 

1.7X 103 350 

Ndlrz 

NdOsz 

NdPtz 

NdRhz 

NdRuz 

Structure a0, A 

Cubic 7.605 

Hexagonal 5.368 

Cubic 7.694 

Cubic 7.564 

Cubic 7.614 

■J2j_ 

Curie 
Temperatur 

11.8 

8.945 27.5 

6.7 

8.1 

35 

Authority 

NdzOzTe 

Green 

150 

iJL 
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V 

PROMETHIUM 

Symbol Pm Atomic Number 61 Atomic Weight 145 

Promethium has no stable isotopes in nature; the few data found are presented 

below. 

PHYSICAL PROPERTIES 

Abundance 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization 

Specific Heat (25 C) 

Debye Temperature 

0. 0 

1080 C 

(3. 0) kcal/mole 

(2727 C) 

C) (60) kcal/mole 

(6. 50) cal/(mole)(C) 

162 K 

ALL OTHER PROPERTIES 

Metallic Radius 

Stable Oxidation State 

Ionic Radius 
(Trivalent Ion) 

Compres sibility 

Crystal Structure 

Preparation of 
Metallic Pm 

(1.810) A 

+3 

0. 979 A 

3. 06 X 10”6 cm2/kg 

Fee 

(See reference) 

Authority 

51 

102 

77 

57 

57 

76 

97 

67 

67 

55 

89 

91 

102 



182 PROMETHIUM 

Isotopes 

Authority 

58 

Whole Relative 
Number Abundance Half Decay 
Mass per cent Life Mode 

144 

147 

148 

149 

151 

153 

156 

Room Temperature 

Entropy S298 »(17.2) 

Heat Cp298 * (6. 50) 
Capacity F 

0. 0 200 days K, 7 

0. 0 3. 7 yr ß“ 

0. 0 5. 3 days ß~, y 

0. 0 47 hr ß~t y 

0.0 12 min ß” 

0.0 <5 min ß“ 

0. 0 <5 min ß" 

_Melting Point 

®1300 m eu 

Cpl300 * (8* 98) cal/(mole)(C) 

76, 77 

Heat Content and Entropy of Solid and Liquid Promethium 
(Bate: crystals at 298.15 K) 

ST*S298.15' 
“T ^98.15* cal/(K) 

T, If cal/mole (mole) 

400 

500 

600 

700 
800 

900 

1000 

1100 
1200 

1300(1) 

«70 
1.360 

2,070 

2, 810 
3,570 

4.360 

5,170 

6.010 

6.870 
7,760 

1.94 

3.48 
4.77 

5.91 
8.93 

7.88 
8.71 

9.51 

10.26 
10.97 

T, K 
hT*h298. 15' 

cal/mole 

ST*S296.15' 
cal/(K) 
(mole) 

1300(1) 

1400 
1600 

1800 
2000 

2200 

2400 
2600 

2800 

3000 

10, 760 
11,560 

13.160 
14, 760 

16. 360 
17,960 

19. 560 

21.160 
22.760 
24,360 

13.28 
13.87 

14.94 

16.88 
16.73 
17.49 

18.19 

18.83 
19.42 
19.99 

For solid prome-Mums 

nr *h29p. 15 * 7#T ♦!•*** 10-ara-i, 828 
(0.2 per cent! 298-1,300 K; 

C- » 5. 76 ♦ 2.48 X 10-3T| 
âH1300(fution) ■ 3,000. 

For liquid promethium: 

Ht‘H298. 15 — 
(0.1 per cemj 1,300-3, 000 K. )j 

'Sp ■ 8. 00. 
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Prop«rti*$ 

Antimonides 

Arsenides 

Beryllides 

ao* ^ 

Bismuthides 

Borides 

Carbides 

Gernianides 

Halides 

183 

PROMETHIUM COMPOUNDS 

PmBra 

Structure 

V A 

A 

Mebing Point. C 

Heat of Fusion, 
kcal/mole 

Entropy of Fusion, 
eu/tnole 

Bolling Point, C 

Heat of Vaporization, 
kcal/nxde 

Entropy of Vaporization, 
eu/mole 

677 

(8) 

(8) 

1530 

(45) 

(25) 

Color 

Hydrides 

Nitrides 

iff it 

Authority 

Pm Be 13 179 

10.33 

PmCl3 

Hexagonal 

7.397 

4.211 

737 

(8) 

(8) 

1670 

(46) 

(24) 

Blue purple 

93, 236, 
276 

P1T1F3 

Hexagonal 

6.96 

7.14 

1407 

(8) 

(5) 

PWÜ3 o-PmOF jS-PmOF 

Fee 

5.56 

Tetragonal 

3.95 

5.58 

797 

(8) 

(8) 

(2327) 1370 

(82) (41) 

(24) 

Pink 

(25) 

Pink Pink 
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PROMETHIUM COMPOUNDS 

Cxidea 

Structure 

ao» ^ 

b0» A 

co» A 

ß, deg 

Type: A 

Hexagonal 

3. 806 

5. 954 

PmzOj 

B 

Monoclinic 

14. 15 

3. 69 

8. 78 

98. 5 

Authority 

156, 172, 
276 

C 

Cubic 

10. 99 

Heat oí Formation, 
kcal/mole 

Entropy oí Formation, 
eu/mole 

Color 

Effective Magnetic Moment, 
Bohr magneton« 

Transition Temperature, C 

Phoephidea 

Selemdea 

Si lie idea 

Sulfide a 

(216. 5) Type not specified 

(35.4) Type not specified 

Blue purple Pink purple Coral red 

2. 8 Type not specified 

B ** C at 950 

Telluridea 
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SAMARIUM 

Symbol Sm Atomic Numb« 62 Atomic Weight 150.35 

Authority 

PHYr CAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization (25 C) 

Vapor Pressure 
(885-1222 K) 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal Expansion 

Thermal Conductivity 

Heat of Sublimation (25 C) 

Cohesive Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

4. 5-7. 0 ppm (approx. 6. 5) 

7. 536 g/cm3 

1072 C 

2. 061 kcal/mole 

1804 C 

46 kcal/mole 

*-°S PmmHg = 8- 781 - ^ 

6. 76 cal/(mole)(C) 

216. 94 kcal/g-atom 

49. 3 kcal/mole 

50 kcal/mole 

3. 2 ev 

166 K 

51 

67 

66 

66 

104 

57 

60 

53 

134 

104 

39 

82 

97 

Surface Tension 



186 SAMARIUM 

Authority 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Ionic Radius 

Rhombohedral BCC 61 

a0 = 8. 966 a0 = 4.07 A 61 
a = 23® 13' 

7. 536 -- g/cm3 66 

1.802 1.81 A 67 

19.0 -- cm^/mole 56 

917 C 66 

0. 744 kcal/mole 61 

+2 = 1. 16, +3 » 0.964 A 53,93 

Closest Approach of Atoms 

Allotropie Modifications 

CHEMICAL PROPERTIES 

Stable Oxidation State 

Electrode Potential 

Ionization Potential 

Metallographie Polishing 
and Etching 

Corrosion Rates 
(In Air) 

(1) a durable hep phase, occurs at 
300 C when metal is subjected to a 
static pressure of 40 kilobars 

+2, +3 

[Sm * Sm+3 + 3e"] + 2.2 volts 
(standard hydrogen electrode) 

1 st » 6. 6, 2nd s 11. 4 volts 

2. 9 mil/year at 200 C 
3. 2 mil/year at 400 C 
6. 7 mil/year at 600 C 
Oxidation rate is, 20 mil/year at 95 C 

with 75 per cent relative humidity. 

106 

81 

81 

82 

68 

Corrosion Data 



Prop«rl¡«s 
187 

ELRCTRICAL PROPERTIES 

Resistivity (25 C) 88 microhm-cm 

Temperature Coefficient 1. 48 x 10“3/c 
v; of Resistivity 

Resistivity Versus Temperature 
(PermiMlon of the American Physical Society) 

Resistance Versus Pressure 
(Permission of the American Physical Society) 

Authority 

61 

6) 

86 

96 



188 SAMARIUM 

MAGNETIC PROPERTIES 

Susceptibility (25 C) 

Effective Magnetic Moment 

Curie Temperature 

Née! Temperature 

MECHANICAL PROPERTIES 

Yeung's Modulus 

Shear Modulus 

?oisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 
Strength 

Impact Strength (Izod) 

Workability 

General Fabrication 

1275 X 10“6 emu/mole 

Theoretical 1. 6 Bohr magnetons 
Measured 1. 74 Bohr magnetons 

15 K 
27 K (double hep structure) 

3.41 X 10** dynes/cm^ 

1. 26 X 10* * dynes/cm2 

0. 352 

2. 56 X 10-6 cm2/kg 

45 

70 F 400 F 800 F 

18. 0 21.0 12.0 103 psi 

16.2 17.9 11.0 103psi 

3 10.4 5. 6 per cent 

47. 6 X 103 psi 

0. 53 ft-lb 

(See references) 

Authority 

61 

61 

61 
106 

57 

57 

61 

57 

57 

88 

88 

88 

61 

71 

70, 113 
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NUCLEAR PROPERTIES 

Isotopes 
Whole Relative 

Number Abundance, 
Mass per cent 

144 

145 

147 

148 

149 

150 

151 

152 

153 

154 

155 

156 

3. 16 

15. 07 

11.27 

13.84 

7.47 

26. 63 

22. 53 

Half 
Life 

Stable 

70 days 

Stable 

Stable 

Stable 

Stable 

20 yr 

2. 5 X 10H yr 

47 hr 

Stable 

25 min 

10 hr 

Decay 
Mode 

K, y, e- 

ß“ 

« 

ß~, y, e“ 

ßm,y 

ß- 

Thermal Neutron 
Cross Section 

5500 ± 200 barns/atom or 
22 cmï/g 

Authority 

58,105 

73 

SAFETY 

Samarium 
Toxicity - Unknown. 

Samarium Compounds 

Details of toxicity unknown; the relative fire 
hazards, explosion hazards, and disaster 
controls depend on the nature of the anion. 

THERMODYNAMIC PROPERTIES 

Room Temperature Melting Point 95 

Entropy 8298 * 16* 6* 81345 * 31. 67 eu 

Heat Capacity Cp298 * 6- 76 Cpi345 ■ H - 22 cal/(mole)(C) 



silW'lllflllWHIWIiiii mvmmi •* 

Prop«i»i*s 
189 

NUCLEAR PROPERTIES 

Isotopes 
Whole 

Number 
Mass 

144 

145 

147 

148 

149 

150 

151 

152 

153 

154 

Relative 
Abundance 
per cent 

3. 16 

15. 07 

11. 27 

13.84 

7. 47 

Half 
Life 

Stable 

70 days 

Stable 

Stable 

Stable 

Stable 

20 yr 

26. 63 2. 5 X 1 Ql 1 yr 

47 hr 

22.53 Stable 

Decay 
Mode 

K, 7,e- 

0" 

« 

ß~, 7,e 

155 25 min 0",7 

156 

Thermal Neutron 
Cross Section 

SAFETY 

-- 10 hr ß~ 

5500 ± 200 barns/atom or 
22 cm2/g 

Samarium 
Toxicity - Unknown. 

Samarium Compounds 

Details of toxicity unknown; the relative fire 
hazards, explosion hazards, and disaster 
controls depend on the nature of the anion. 

THERMODYNAMIC PROPERTIES 

Room Temperature Melting Point_ 

Entropy s298 ■ 16. 64 5^45 . 31. 67 eu 

Heat Capacity Cp298 ■ 6. 76 Cpi345 - 11.22 cal/(mole)(C) 

Authority 

58,105 

73 

95 
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SAMARIUM 

Thermodynamic Functions 

cp. 
joule*/ 

T) K mole-K 

20.0 7.23 
25.0 10.05 

30.0 13.00 

35.0 15.77 

40.0 18.28 
45.0 20. 55 

50. 0 22. 57 

55.0 24.45 

60.0 26.20 

65.0 27. 79 

70.0 29.32 

75.0 30. 75 

80.0 32.21 

85.0 33.68 

90.0 35.09 
95.0 36.42 

100. 0 37.98 
102.0 38.86 

104.0 40.33 

104.2 40.57 
104.4 40.82 

104.6 41.16 

104.8 41.68 
105.0 42.04 

105.2 42.17 
105.4 41.74 

105.6 39.98 

105.8 37.45 

106. 0 34.14 
106.5 29.51 

107.0 28.43 

S°. 
joule*/ 
mole-K 

5.495 
7.410 

9.506 
11.724 

13.999 

16.289 

18.561 
20.802 

23.006 

25.167 
27.283 

29.355 

31.386 
33.384 

35.350 

37.281 

39.189 
39.949 

40.715 

40.792 

40. 870 

40.949 

41.028 

41.108 
41.188 

41.268 
41.346 

41.419 

41.486 

41.633 

41.769 

H0-Hq 

T 

joule*/ 

mole-K 

3.731 
4.710 

5. 848 
7.071 

8.318 
9.554 

10. 756 

11.917 
13.035 

14.110 

15.143 

16.136 
17. 096 

18.028 

18.938 
19.821 

20.690 

21. 038 
21.391 

21.428 
21.465 

21.502 
21.540 

21.579 

21.618 
21.657 

21.694 

21.725 

21.752 

21. 796 
21.829 

T 

joules/ 

mole-K 

I. 764 

2.699 

3.657 

4.653 
5.680 

6.735 

7.804 

8.885 

9.970 

II. 056 

12.140 
13.219 

14.291 

15.355 

16.412 

17.459 

18.498 

18.911 
19.323 
19.364 

19.405 

19.446 
19.487 

19.528 
19.570 

19.611 
19.652 

19.693 

19.734 

19.837 
19.939 

joule»/ 

K mole-K 

107.5 27.97 
108.0 27.66 

110.0 27. 12 

115.0 26.61 

120.0 26.37 

130.0 26.23 

140. 0 26.22 

150. 0 26.29 

160.0 26.42 

170.0 26.57 

180.0 26.71 

190.0 26. 86 

200.0 27. 07 
210.0 27.27 

220.0 27.48 

230. 0 27.71 

240. 0 27.93 
250.0 28.22 
260.0 28.49 

270.0 28.70 

273.15 28.78 

280.0 28.98 

290.0 29.28 

298.15 29.53 
300. 0 29.58 

310.0 29. 88 

320.0 30. 17 

330. 0 30.45 
340.0 30. 73 

350.0 31.00 

360.0 31.27 

H°-Hg 

S°. T 

joule*/ joule*/ 
mole-K mole-K 

41.900 21.859 

42.029 21. 887 
42.53 1 21.986 

43. 723 22.196 
44.850 22.374 

46.955 22.677 

48.898 22.930 

50. 708 23.152 
52.409 23.352 

54.016 23.537 

55.538 23.710 

56.986 23.872 

58. S"' 24.027 
59.695 24.177 

60.969 24.322 
62.195 24.464 

63.379 24.804 
64.525 24.743 

65.638 24. 883 

66.717 26.020 

67.050 25. 063 

67.765 25.156 
68.788 25.293 

69.603 25.406 

69.786 25.432 

70. 761 25. 570 
71.714 26.710 

72.647 25.849 

73. 560 25.989 
74.456 26.128 

75.331 26.267 

Authority 

122 

F°-Hg 

T 

joule*/ 
mole-K 

20. 041 

20.142 

20. 545 

21.527 

22.475 

24.278 
25.968 

27.556 

29. 056 

30.478 

31.828 

33.114 
34.342 

35.618 

36.646 
37.730 

38.774 

39.781 
40.755 

41.698 
41.987 

42.608 
43.494 

44.196 
44.354 

46.190 

46.004 
46.797 

47.571 

48.326 
49.064 

4 

* 

(Continuad) 



Properties 
191 

Thermodynamic Functions (Continued) 

Authority 

95 

T, K 

298.15 
300 

350 

400 
450 

500 

550 

600 
650 

700 

750 

800 

850 

900 

950 

1000 

1060 

1100 
1160 

1190.15 
1190.15 

1200 

1250 
1300 

1345.15(1) 

1345.15(1) 
1350 

1396.15 

r 
alAlttPole) 

6.76 
6.80 

7.56 

8.15 
8.62 
9.00 

9.32 

9.60 

9.84 

10.05 
10,26 

10.42 

10.58 
10. 73 

10.86 
10.99 

11.11 
11.22 

11.33 

11.41 

11.22 
11.22 
11.22 
11.22 
11.22 

14.04 
14.04 

14.04 

S°-S° 
c*l/(Kyrnolc> 

16.64 

16.68 

17.79 

18.84 
19.83 

20.76 

21.63 

22.45 
23.23 

23.97 

24.67 

25.34 

25.97 

26.58 
27.16 

27. 72 

28.26 

28.78 

29.28 

29.87 
30.30 

30.39 
30.85 

31.29 

31.67 
33.20 
33.25 

33.74 

^^298.15(1) 
~T 

_F*l/(KXmolcl 

0.0 

0.042 

1.064 

1.914 
2.634 
3.252 
3. 790 

4.263 

4.683 
5. 069 

5.399 

5.707 
5.989 

6.248 
6.487 

6.709 

6.916 
7.109 

7. 290 

7.428 
8.055 
8. 079 
8.204 
8.320 

8.417 
9. 950 
9. 964 

10.106 

F° ~H<>298. 15 

T 

. c«l/(KXrjiole) 

16.64 

16.64 

16.73 

16.93 
17.20 
17.51 

17.84 

18.19 

18.55 
18.91 

19.27 

19.63 

19.98 
20.33 

20.67 
21.01 
21.34 

21.67 

21.99 

22.24 
22.24 

22.31 
22.86 
22.97 

23.26 

23.25 
23.29 
23.63 

(«) (H°jj98 15 - H°)/T » 6.07 cftl degree*1 mole*1 
Hill and Spedding. 

.npublUhed value according to Jennings, 

Specific Heat 
(Permission of the American Physical Society) 107 

» Run IB 

• Run m 



192 SAMARIUM COMPOUNDS 

SAMARIUM COMPOUNDS 

Antimonides 

Structure 

Lattice Type 

ao> A 

Magnetic Susceptibility, 
10“ 6 emu/mole 

Arsenides 

Structure 

Lattice Type 

ao» A 

Resistivity, 
microhm-cm 

Magnetic Susceptibility, 
10“6 emu/mole 

Beryllides 

s 

*o> A 

Bismuthides 

Structure 

Lattice Type 

a0, A 

Magnetic Susceptibility, 
10“^ emu/mole 

SmSb 

Cubic 

NaCl 

6. 271 

1000 

SmAs 

Cubic 

NaCl 

5.921 

160 

1086 

SmBei 3 

10.28 

SmBi 

Cubic 

NaCl 

6. 362 

1169 

Authority 

169 

169,229 

179 

169 
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Borides 

Molecular Weight 

SmB4 SmBfe 

193.71 215.35 

Structure 

ao> A 

Co, A 

Density, 

Melting point, C 

Resistivity, 
microhm-cm 

Tetragonal Cubic 

7.174 4.131 

4.070 

6.19 5.08 

1810 

200 

Temperature Coefficient 
of Resistivity, 10“3/C 

Coefficient of Thermal 
Expansion, 10_6/c 

Thermal Conductivity, 
cal/(cm)(sec)(C) 

Magnetic Susceptibility, 
10" 6 emu/mole 

Effective Magnetic 
Moment, Bohr magnetons 

Work Function, ev 

Microhardness, kg/mm^ 

Color 

Emissivity 
(X « 0. 655 p) 

Effective Metallic 
Radius, A 

-4. 2 

6. 5 

0.033 

1810 

2. 52 

4.4 

2500 

Gray brown Dark blue 

0. 68 

2.19 

Authority 

153,171 



194 SAMARIUM COMPOUNDS 

Carbides 

SmC2 

Molecular Weight 174.45 

Structure Body-centered 
tetragonal 

Lattice Type CaCa 

a0, A 3. 76 

c0> A 6.29 

Density, g/cm3 6-50 

Melting Point, C >2200 

Magnetic Suscep- ^2300 
tibility, 10“ 6 emu/ 
mole 

Effective Magnetic 2. 85 
Moment, Bohr 
magnetons 

Germanides 

Sm2C3 SmjC 

366. 86 463. 29 

Bcc Cubic 

PU2C3 Fe4N 

8.4257 5.172 

7.477 8 139 

SmG#2 

Lattice Type a-ThSi2 

a0, A 4. 193 

c0, A 13.835 

Volume of Unit Cell, 241. 4 
A* 

Authority 

151 

170, III 



Properties 195 

Authority 

Halides 58,93,158, 
181,186, 
210,212, 

215,235, 
236,250 

Em8f2 StnClg StnP; Smlj SmBfa SmCls SmFs Stilly 

MolRcuUr Weight 

Structure 

ao» ^ 

bo. A 

C0. A 

Deniity, g/cm3 

Heat of Forma'ion, 
kcal/mole 

Entropy of Formation, 

eu/ mole 

Melting Point, C 

Heat of Fuilon, 

kcal/mo le 

Entropy of Fuilon, 
eu/mole 

Bolling Point, C 

Ortho¬ 

rhombic 

8.973 

7.53£ 

4.497 

196.5 

39 

700 740 

(6) (8) 

(8) (8) 

1880 2030 

Heat of Vaporization, (50) 56.5 
kcal/mo le 

Entropy of Vaporization, (23) 25.4 
eu/mole 

207.36 

Hexagonal Hexagonal. Hexagonal 

Orthorhombic 

7.378 

4. 171 

(1377) (527) 664 

(6) (6) (8) 

(3) (6) (8) 

(2427) 1580 De comp oie! 

(78) (40) 

(29) (22) 

246 

61 

678 

(8) 

(8) 

Hex 6.956 4.416 
Ortho, 6.669 

Ortho. 7. 059 

Hex. 7.120 6,976 

Ortho. 4.406 

Hex. 8.926 

Ortho. 6.843 

(149) 

(7) 

820 

(9) 

(8) 

1306 

(8) 

(6) 

Decompciei (2327) 

(82) 

(24) 

Decompoiei 

Color White 

Volume of Unit Cell, 
A3 

Hex. 298.3 

Onho. 207,4 

(Continued) 



196 

Halides (Continued) 

SAMARIUM COMPOUNDS 

* 

Authority 

Structure 

Lattice Type 

ao> A 

Co, A 

SmOF SmOI SmOCl 

Tetragonal Rhombohedral Tetragonal 

PbFCl 
3. 982 

6. 721 

ß> deg 

Density, g/cm3 

Heat of Formation, (238) 
kcal/mole 

Entropy of Formation, (43) 
eu/mole 

Refractive Index 

Thermodynamic Data 

6, 857 

33. 07 

7. 19 

4. 008 

9. 192 

1. 84 

in* — - -- 

ACp * A* ♦ (Ab K 10'3)T ♦ (Ac * to’6)?2 ♦ ^^1°6 

AH - AHp298 - (A*)T »J (Ab X 10'J)t8 (Ac x lO'*)!3 V^fAd x 10^ ^ ^ 

AS . (2.303 As)LogT ♦ (Ab x 10'3)T + i (Ac x 10 *)T« -iZ2í^LÍ2Í . ^ 

Af - AHK98 . - (2.303 A.)TU,gT ¿ (Ab X 10(Ac x 10 •jT3 - ^Ad x 106¾ _ ^ ^ ^ 

Me actio« 

* f|(|) • Smr|(a) 
*mtl\ * r|<*» * Imr,! a| 

•mUI » rt(g> • ■nr,!«) 

»«><•1 ♦ • imriifi 

I 

Tom|Mir> 

-ANrm, -ârm. 
K kcai/maU kcal/i»eU 

191'1411 I»? 
I4JI-I4M 
• ‘W*4%00 

miill 441 

•rnd) ♦ rr4(f» • imf)(a) l4i>«|VT4 

•m(#> ♦ I r|(g) • smr id) i4»#.m,' 

»«(•) ♦ Cl|(f» . F«mCI4(•) 194-1411 

*«»<•) « Cl4ig| • SmCl¿(!) 1411-161.3 

•r»(l) ♦ Cl|<f) • tmCl|(l) 1411-1744 

•m(l) ♦ 01,14) * *mCl|(|) 1744-1600 

•m(.) ♦ }cii<4) . OmCljif) 194-941 

*"<•) ♦ |ci|li) • 4fnCl}(l) 941-164» 

•m(l) 4 I 01,(4) • imCljlD 1644-1114 

•md) ♦ Jci|(i) • SmCI|(g) 16)4-1444 

194.4 

114 

147 

147. 

144 111 

6.1 
•1.4 

6.4 

I I 

-1.1 

9.6 

6.4 
9.5 
7.4 

•4.6 

4.4 

11.7 

9.4 

-4.1 

».6 
7.4 

-4.4 

4 » 

6.7 

-4.7 

4.1 
-4.7 

-4.1 

-4.» 

6.6 
-4.6 

-6.4 

-4.4 

11 
1.4 

f.4 

•4. 144 

-4.497 

•1.444 

66.4 

47.1 

117.4 

0.6 

6.6 1.446 

6.6 -1.999 

6.6 44.46 

1.6 

1.6 

1.6 

1.6 

-6.147 44. 7 

76.9 

-19.4 

69.4 

114.4 

164.0 

•7.1 

4.164 

-1.16» 

66.46 

67.4 

44.9 
116.9 

44.6 

97.7 

66.1 

-11.1 

71.9 

114.9 

119.4 

-9.1 
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Hydride b 

Structure 

»o, A 

c0, A 

Density, g/cm3 

Nitrides 

Molecular Weight 

Structure 

Lattice Type 

a0, A 

Density, g/cm3 

Magnetic 
Susceptibility, 
10”^ emu/mole 

Oxides 

SmH2 SmHj 

Fluorite Hexagonal 

3- 374 3. 782 

6. 779 

6. 52 

SmN 

164. 44 

Cubic 

NaCl 

5. 046 

8. 495 

1125 

Molecular Weight 

Structure 

Lattice Type 

*0, A 

b0, A 

co> ^ 

ß, deg 

SmO 

Cubic 

NaCl 

4. 988 

a-Snr^O^ 

348.70 

Kdonoclinic 

ß-SmiO} 

348. 70 

Cubic 

10. 90 

Authority 

165, 187 

153,223 

172,176, 
177,186, 
247,271 

(Continued) 



198 SAMARIUM COMPOUNDS 

Oxides (Continued) 

Authority 

Density, g/cm^ 

SmO a-Sm^Os ß-SmzOi 

7.43 7.62 

Heat of Formation, 159 
kcal/mole 

Entropy of Formation, 17. 1 
eu/mole 

Melting Point, C 

Coefficient of Thermal 
Expansion, 10-6/c 

Effective Magnetic 
Moment, Rohr 
magnetons 

Thermodynamic Data 

The equation» given on page 196 may 

9. 9 
(100-1000 C) 

1. 6 

uted in calculating thermodynamic 

2350 

8. 6 
(100-950 C) 

212 

ititie* for the following reaction»! 

Tamper* 
atura -AHri9t> 

_KeacUou_Raasa, K hcal/moU 

2Sm(a) + £0¿(g) • SmjOjia) 29S-U21 4*0 

2Sm(l) 4 j O^fg) » Sm{0)(g) U2)-21*0 

2Sm(i) *102fg» • Sm20;lí) 21M-2M0 

-AT29S# ÛA, -A», 
kcal/mola Aa AS Ac A4 kcal/mo la au 

410 0.1 -0.2 — i.» 0.71t 65.9 

— -4.5 6.6 — 2. t -S. 115 4T.5 

— 5.6 -0.4 — 2. S 6.145 100.6 

2ttlra¿ 

66.0 

41.0 

106.2 

X 

(Continued) 
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Oxides (Continu« d) 

Authority 

Heat Content and Entropy Increments 
for Samarium Oxide (Smooth Values) 

Monoclinic Form (Srr^Os' 

T. K 

400 

600 

600 

’00 

800 
900 

1000 

U00 

U60 
1196 
1200 

1300 

1400 

1600 
1600 

ll^O 
1800 

1900 

2000 

Phosphides 

SmP 

Structure Fcc 

Lattice Type NaCl 

*oi A 5. 760 

Magnetic Susceptibility, 1112 
10" 6 emu/mole 

r 
f 

f 

HT-H298.16. 
cal/mole 

2, 930 

6. 980 

9, 160 

12.460 

15. 820 

19, 250 
22, 730 

26. 240 

29, 600 

*5298.16. 
cal/(KXmole) 

8.44 

15.24 

21.03 

26.10 
30.60 

34.64 

38.31 
41.66 

44.68 

Cubic Form (Srr^Cty) 

HT-H298. 15. $1--8298.15, 
cal/mole cal/(KXmole) 

2,950 
6, 030 

9. 260 

12.570 
16, 970 

19,430 

22. 930 
26. 460 

28,210 
29. 850 

30.030 

33.720 

37,410 

41,100 
44,790 

48.480 

52.170 

65.860 

59,550 

8.49 

16.36 
21.23 

26.34 

30.88 

34.96 

38.66 
42.00 

43.67 
44.79 
44.94 
47.90 

50.63 

63.18 

56.66 

57.79 
59.90 

61.90 

63.79 

I 

175 

i 

! 
4 

i 
i 
i 

1 

t 

169 
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SAMARIUM COMPOUNDS 

Selenides 

Structure 

Lattice Type 

ao> ^ 

c0| A 

Density, g/cm^ 

Melting Point, C 

Resistivity, 
microhm-cm 

SiriSe SmSez SmzSea 

Fcc Tetragonal Bcc 

NaCl -- Th3P4 

6. 159 8. 1b 8. 76 

8.36 

6.42 6.94 6.93 

(2100) -- (1540) 

1. 38 X 109 i, 7 x 103 

Authority 

168,189, 
191,192, 
194,225, 
226,227, 
228 

Sm3Se4 SmzOzSe 

Bcc Hep 

Th3P4 

8.84 3.93 

6.93 

7. 33 7 40 

Magnetic Suscep- 4440 1200 1049 
tibility, 10" 6 
emu/mole 

Effective Magnetic 3. 3 
Moment, Bohr 
magnetons 

Color 

Silicides 

1.6 1.6 

Dark gray 

Molecular Weight 

Structure 

Lattice Type 

a0, A 

*>0, A 

c0. A 

Density, g/cm3 

Transition 
Temperature, C 

a-SmSiz ß-SmSiz 

206.61 206.61 

Orthorhombic 

q-YSiz 

4. 105 

4. 035 

13.46 

6. 13 

Tetragonal 

q-ThSi2 

4. 041 

13. 33 

6. 26 

q - /3 at 380 

Gray 

153, 160 
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Sulfides Authority 

Molecular Weight 

Structure 

Lattice Type 

»o, A 

co> A 

Density, g/cm^ 

Heat of Formation, 
kcal/mole 

SmS 

182.50 

Fee 

NaCl 

5. 967 

SmS2 

214.55 

Ci c 

Unknown 

7. 87 

YSm2S3 

397.06 

Cubic 

Th3P4 

8. 448 

Sm3S4 

579. 55 

Cubic 

Th3P4 

8. 556 

153,169, 
240,248 

SmzOzS 

364.93 

Hexagonal 

3.893 

5. 67 5. 66 5. 87 

6.717 

6.14 6.90 

Melting Point, C 

Resistivity, 
microhm-cm 

1500 

8. 5 X 104 

1730 neo 

7. 1 X 10U 8. 2 X 1013 

1800 

5. 9 X 106 

1980 

Thermal Conduc- 7. o 
tivity, 10-3 cal/ 

(cm)(sec)(C) 

Magnetic Suscep- 5070 
tibility, 10-6 
emu/mole 

1238 1020 2350 1020 

Effective Magnetic 4, 34 
Moment, Bohr 
magnetons 

Color Black Brown Yellow Black Gray brown 
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SAMARIUM COMPOUNDS 

Tellur ides 

Structure 

Lattice Type 

a0, A 

Cqj A 

Density, g/cm^ 

Melting Point, C 

Resistivity, 
microhm-cm 

Magnetic Suscep¬ 
tibility, 10“ 6 
emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Color 

Miscellaneous 

SmTe 

Fee 

NaCl 

6. 58 

1920 

1.64 X 109 

4292 

SmzOzTe 

Hexagonal 

4. 00 

12. 61 
t 

7. 58 

Sm2Te3 

3cc 

TÎ13P4 

9. 480 

7. 11 

(1475) 

4. 33 

Dark green 

Authority 

169,202, 
205,228 

150 

Structure a0, A c0, A 

SmO$2 Hexagonal 5.336 8.879 
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EUROPIUM 

Symbol Eu Atomic Number 63 Atomic Weight 152. 0 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization (E5 C) 

Vapor Pressure (733-903 K) 

Specific Heat (25 C) 

Heat of Combustion (25 C) 

Coefficient of Linear 
Thermal Expansion 
(-200 - 780 C) 

0. 14-1. 1 ppm (approx. 0. 5) 

5. 245 g/cm^ 

826 C 

2. 0 kcal/mole 

1439 C 

42 kcal/mole 

898Í 
Log P „ = 8. 160 - —=- 

6 mm Hg T 

6. 4 cal/(mole)(C) 

217. 0 keal/g-atom 

32 X 10"6/C 

Thermal Conductivity 

Heat of Sublimation (25 C) 

Cohesion Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

43. ! 1 kcal/mole 

43. 4 kcal/mole 

70-120 K 

4. 8 per cent 

Authority 

51 

67 

66 

61 

57 

57 

60 

76 

15i 

61 

130 

130 

112 

108 

Surface Tension 
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europium 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Ionic Radius 

(Trivalent Ion) 

Closest Approach 
of Atoms 

Allotropie Modifications 

Bcc 

ao = 4. 5820 A 

5. ¿45 g/cm- 

2. 042 A 

¿8. 91 cm3/mole 

None 

None 

0. 950 A 

3. 960 A 

Authority 

61 

61 

67 

67 

66 

66 

66 

55 

56 

CHEMICAL PROPERTIES 

Stable Oxidation State 

Electrode Potential 

Ionization Potential 

Metallographie Polishing 
and Etching 

Corrosion Rates 

Corrosion Data 

+ 2, +3 

[Eu » Eu*3 + 3e-J t 2. 2 volt, (standard 
hydrogen electrode) 

1st = 5.64, 2nd = 11.4 volts 

Extremely rapid at all temperatures in 
air and acidic or basic media. 

81 

81 

82 

109 

ELECTRICAL PROPERTIES 

Resistivity (25 C) 81. 3 microhm-cn, 

Temperature Coefficient 4. 80 x 10“^/C 
of Resistivity (25 C) 

61 

61 
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Resistance Versus Pressure 
(Permiiilon of the Americin Phyiicel Society) 

MACHITIC PROPERTIIS 

Susceptibility (25 C) 

Effective Magnetic Moment 

Curie Temperature 

N¿el Temperature 

MECHANICAL PROPERTIES 

Youngs' Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 
Strength 

33, 100 X 10”6 emu/mole 

Theoretical 3.45 Bohr magnetons 
Measured 7. 12 Bohr magnetons 

108 K 

91 K 

17 (not annealed) 

Authority 

96 

( 

61 

61 

61 

112 

57 



206 EUROPIUM 

Impact Strength 

Workability 

General Fabrication (See reference#) 

NUCLEAR PROPERTIES 

Isotopes 

Whole- Relative 
Number Abundance, Half Decay 
Mass per cent Life Mode 

147 

149 

53 days ß+ 

24 days ß+ 

150 17 hr /3+ 

151 47.77 Stable 

152 — 5 yr ß~, e" 

153 52. 23 Stable 

154 

155 

156 

157 

158 

Thermal Neutron 
I Cross Section 

5.4 yr ß~, e", 7 

— 2 yr ß~, y 

-- 154 days ß~, y 

15. 4 hr ß-,y 

-- 60 min ß~ 

4600 ± 200 barns/atom 
or 18 cm2/g 

SAFETY 

Authority 

70, 113 

110, 111 

73 

83 

Details unknown, 
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THERMODYNAMIC PROPERTIES 

Authority 

Room Temperature Melting; Point 

Entropy 

Heat 
Capacity 

S298 * 0 ® i loo " 18 eu 

CP298 * 40 CP1100 “ 8’ 99 cal/(mole)(C) 

76, 77 

Heat Content and Entropy of Solid and Liquid Europium 
(Base: crystal at 298.15 K) 

HT "H298. 15' 
T, K cal/mole 

ST‘S298.15- 
cal/(deg) 

(mole) 
HT-H298.15- 

T. K cal/mole 

ST*S298. 16' 
cal/(deg) 

(mole) 

400 660 1.91 

500 1,330 3.40 

600 2,020 4.66 

700 2,730 5.76 

800 3,460 6.73 

900 4,210 7.62 
1000 4,980 8.43 

UOO(s) 5,770 9.18 

1100(1) 8.270 11.46 

1200 9,070 12.15 
1300 9.870 12.79 

1400 10,670 13.38 
1500 11,470 13.93 

1600 12,270 14.46 
1700 13.070 14.94 

For solid europium: 

HT*H298.15 * 8' 81T ♦ »9 * 10‘3T2 - 1, 820 
(0.2 per centj 298-1100 K) 

Cp« 8.81 + 1.98 X 10*3Tí 

HllOoif“»!0") ■ 2, ÕÚ0, 

For liquid europium: 

*11298. 15 " 3' 99T - 630 
(0.1 per cent« 1100-1700 K): 
Cp ■ 8.00. 

Specific Heat 
(PermlMton of Gordon and Breach, Science Publishers, Inc. ) 

97 
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EUROPIUM COMPOUNDS 

EUROPIUM COMPOUNDS 

Antimonides 

Arsenides 

Beryllides 

ao> ^ 

Bismuthides 

Borides 

EiiBe 13 

10. 288 

EnBg 

Molecular Weight 

Structure 

ao' A 

Density, g/cm^ 

Meeting Point, C 

Resistivity, 
microhm-cm 

Temperature Coefficient 
of Resistivity, 10“^/C 

Coefficient of Thermal 
Expansion, 10“6/c 

Thermal Conductivity 
cal/(cm)(sec)(C) 

Work Function, ev 

Color 

Emissivity 
(\ = 0. 655 H) 

Effective Metallic 
Radius, A 

216. 92 

Cubic 

4. 178 

4. 938 

2200 

84. 7 

9. 0 

6. 86 

0. 055 

4.9 

Blue black 

0.83 

2. 21 

Authority 

179 

153, 171, 
249 
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Carbides 

Germanides 

Lattice Type 

ao* A 

co» A 

Volume of Unit Cell, A3 

Halides 

Authority 

Structure 

V A 

bo. A 

co» A 

Oemity, cm3 

Melting Point, C 

Heat of Fusion, 

hcal/mole 

Entropy of Fusion, 

eu/mole 

Boiling Point, c 

Heat of Vaporization, 
kcal/mole 

Entropy of Vaporization, 
eu/mole 

Color 

Volume of Unit Cell, a3 

EuBl2 Eua2 EuF2 Eula 

Orthoihombic Cubic 

8.914 5.796 

7.499 

4,493 

EuBt3 

Orthorhombic 

12.712 

4.019 

9.128 

(677) (727) 

(6) 

(8) 

1880 

(SO) 

(23) 

(6) 

(6) 

2030 

56.3 

22.5 

(1377) (327) (702) 

(5) (5) (g) 

(3) (6) (8) 

183 

55, 58, 93, 
158, 210, 235, 
236, 250, 277 

EuCl3 

Hexagonal 

7.369 

4.133 

EuF3 EuI3 

623 

(7) 

(8) 

Hex. 

Ortho. 

He*. 6.916 
Ortho 6.622 

7.019 

He*. 7.091 

Ord» 4.396 

Hex. 7,088 

Ortho. 8.793 

1276 

(8) 

(5) 

(877) 

(9) 

(8) 

(2427) 1580 Decomposes 

(60) (40) 

(2») (22) 

Decomposes 2277 Decomposes 

(60) 

(94) 

White 

Her, 293.7 

Ortho. 204.3 

(Continued) 
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EUROPIUM COMPOUNDS 

Halides (Continued) 

Structure 

co> ^ 

ß, deg 

Volume of Unit Cell, A3 

Hydrides 

Structure 

Nitrides 

Structure 

Lattice Type 

ao' A 

Density, g/cm3 

Color 

EuOCl EuOF 

Tetragonal Rhombohedral 

3- 905 6. 827 

6. 695 

33.05 

105.25 

EuDz 

Orthorhombic 

6.21 

3. 77 

7. 16 

EuN 

Cubic 

NaCl 

5.014 

8. 767 

Black 

Authority 

211, 279 

251 

153, 169 



Properties 

211 

Oxides 

Moleculir Weight 

Structure 

*o* ^ 

bo* A 

co* A 

ß, deg 

Deniity, g/cm3 

He« of Foonetion, 
kcal/mole 

EuO 

Fee 

S. 142 

8.16 

145.2 

u-Eu2Q3 EU3O4 

382.62 382.52 

Ortho I 

<Eu16°21> 

Bee 

10.869 

Monoclinic 

14.082 

3.840 

8. 788 

100.0 

Orthorhombic Orthorhombic 

10. 085 9_ 75 

12.054 49 5 

3-562 563 

7.28 7.99 

H>4.8 196. 5 

8.07 6.74 

Entropy of Formttion. .. .. .,a4 
eu/mole 

Melting Point, C 

Coefficient of Thermal 

Expira ion (25*1000 C), 
10'6/C 

Effective Magnetic Moment, 
Bohr magnetom 

Color 

Refractive Index 

Dark brown 

Opaque 

3.4 

White White 

1.92 2.09 at 20 C 

M«* Orange 

2.12 1.91« 26 C 

Authority 

172, 177, 
252, 253, 
271 

l 

(Continued) 



212 EUROPIUM COMPOUNDS 

Oxides (Continued) 

Authority 

Heat Content and Entropy Increments for Europium Oxide (EU2O3) 
(Smooth Values) 

_Monoclinic Form_ 

HT-H298. 15» Sx-S298. 15* 
cal/mole cal/(K)(mole) 

_Cubic Form_ 
HT-H298. 15» SX-S298. 15» 

cal/mole cal/(K)(mole) 

400 3,070 
500 6,210 
600 9,460 
700 12,800 
800 16,210 
895 19,510(a) 
895 19,640( ß) 
900 19,810 

1000 23,300 
1100 26,840 
1200 30,430 
1300 34,070 
1350 
1400 37,750 
1500 41,470 
1600 45,220 
1700 48,990 
1800 52,780 
1900 56,590 
2000 60,410 

8.85 
15.85 
21.77 
26. 92 
31.47 
35. 37(a) 
35. 51(ß) 
35. 70 
39. 38 
42,75 
45.88 
48. 79 

51.52 
54. 08 
56. 50 
58. 79 
60. 96 
63.02 
64. 98 

3,150 
6,370 
9,690 

13,100 
16,580 

20,110 
23,i90 
27,320 
30,993 
34,690 
36,550 

9.07 
16.25 
22. 30 
27. 56 
32.21 

36. 36 
40. 13 
43. 59 
46.79 
49.75 
51. 15 

Phosphides 
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Selenides EuSe 

Structur*. 

Lattice Type NaCl 

&o> A 6. 178 

Density, g/cm3 6.42 

Magnetic Susceptibility, 2286 
10"® emu/mole 

Effective Magnetic Moment, 7. 65 
Bohr magnetons 

Color 

Curie Temperature, K 

Silicides 

Molecular Weight 

Structure 

Lattice Type 

*o» A 

co* A 

Density, g/cm3 

Melting Point, C 

Transition Tempera¬ 
ture, C 

Dark brown 

6 

S-EuSig 

2^8. 18 

Tetragonal 

a-ThSi2 

4. 29 

13.66 

5. 50 

1500 

a — ß at - 150 

Authority 

189, 194, 254 

153, 160 



214 EUROPIUM COMPOUNDS 

Sulfides 

Structure 

Lattice Type 

ao' A 

co' A 

Density, g/cm^ 

Color 

Curie Tempera¬ 
ture, K 

Tellur ides 

Structure 

Lattice Type 

ao' A 

co> A 

Density, g/cm3 

Color 

Neel Temperature, K 

Authority 

254, 255 

Magnetic Susceptibility, 22600 
10”" (emu/mole) 

EuS Eu^Sj EU2S3 gj EU3S4 EU2O2S 

Tetragonal Cubic Hexagonal 

Th3P4 

7.86 8.537 3.87 

8.03 -- 6.68 

5.70 6.27 7.04 

5800 11500 

Fee 

NaCl 

5.970 8.415 

5. 745 

Black 

16 

EuTe 

Fee 

NaCl 

6. 585 

Black 

6 

Black 

EuzOzTe 

Hexagonal 

3. 98 

12.57 

7. 74 

Maroon 

Pink 

169, 202, 
254, 280 
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GADOLINIUM 

Symbol Gd 

PHYSICAL PROPERTIES 

Abundance 
' ? 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporisation 
(25 C) 

Vapor Pressure 
(1620-2097 K) 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal Expansion 

Thermal Conductivity 
(28 C) 

Atomic Number 64 

4. 5-6. 4 ppm (approx. 6. 4) 

7. 886 g/cm^ 

1312 C 

2. 1 kcal/mole 

3000 C 

72 kcal/mole 

Lo« PmmHg =8-517-il^ 

8. 80 cal/mole C 

216.97 kcal/g-atom 

8. 6 X 10_6/C (25-950 C) 

0.021 cal/(cm2)(Bec)(C/cm) 

Atomic Weight 157.26 

Authority 

51 

67 

66 

61 

57 

57 

60 

76 

134 

61 

53 

115 

Heot of Sublimation (25 C) 81. 22 kcal/mole 
130 



216 

gadolinium 

Cohesive Energy 

work Function 

Debye Temperature 

Expansion on Melting 

Surface Tension 

CRYSTAL properties 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temp.^n,,. 

Heat of Transition 

Ionic Radius 

81 • 9 kcal/mole 

176 K 

HCP 

a0 = 3-6360 
co = 5. 7826 

7. 8a6 

1. 802 

19. 88 

1262 C 

1. 03 kcal/mols 

BCC 

ao = 4. 06 A 
A 

g/cm3 

A 

20. 2 cm3/mole 

Authority 

130 

97 

61 

61 

67 

67 

66 

66 

61 

Closest Approach of 
Atoms 

Allotropie Modifications 

CHEMICAL PROPERTIES 

Stable Oxidation State 

Electrode Potential 

3. 554 A 

56 

+3 

(Gd 
(etandard hjrdrogan el.cjjd, 

^ + + 2. 2 volt. 
81 Ionisation Potential ,st z 

1 = 6. 7 volts 

Metallographie Polishing 
and Etching 

«o .JtTrTny in 8 mi"“« .¡mils, 

,hTVe"Ähgf ? - 
Btru ture is revealed after etching^ith aad 

82 

62 
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Corrosion Rates 
(In Air) 

0 mil/year at 200 C 
38 mil/year at 400 C 
2900 mil/year at 600 C 

Corrosion Data 
Corrosive attack on crucible materials: 

Material Onset of Attack 

MgO None < 1300 C 
Ta None < 1300 C 

ELECTRICAL PROPERTIES 

Resistivity (25 C) 140. 5 microhm-cm 

Temperature Coefficient 1.76 x 10“^/C 
of Resistivity 

Resistance Versus 
Temperature 

V # 

Authority 

68 

91 

61 

61 

118 

Resistance Versus Pressure 
(Permiaion of the American 
Physical Society) 

96 
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GADOLINIUM 

Resistivity Versus Temperature 

(Per minion of Elsevier 
Publishing Co.) 

MAGNETIC PROPERTIES 

Authority 

87,117 

Susceptibility (25 C) 

Effective Magnetic 
Moment 

Curie Temperature 

Néel Temperature 

MECHANICAL PROPERTIES 

Young's Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

356,000 X lO”6 emu/mole 

Theoretical 7. 94 Boh.? magnetons 
Measured 7. 95 Bohr magnetons 

290 K 

é. 62 X 10H dynes/cm2 

2. 23 X 1011 dynes/cm^ 

0.259' 

2. 52 X 10”6 cm2/kg 

57 

70 F 400 F 
27.6 70- 

25.1 15.6 

800 F 
14. 1 10^ psi 

13.0 103p.i 

61 

61 

61 

57 

57 

61 

57 

57 

88 

88 
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Authority 

Elongation 

Ultimate Compressive 
Strength 

Impact Strength (Izod) 

Workability 

General F'.^rication 

NUCLEAR PROPERTIES 

Isotopes 

Whole 
Number 

Mass 

152 
153 
154 
155 

156 
157 
158 
160 

Thermal Neutron 
Cross Section 

SAFETY 

70 F 400 F 800 F 

8 6.8 11.3 per cent 

1. 3 ft-lb 

Good just below red heat 

(See references) 

Relative 
Abundance, Decay 

percent Half Life Mode 

0. 20 Stable 
-- 72 days «”,7 

2. 15 Stable 
14.73 Su. ole 

20.47 Stable 
15.68 Stable 
24. 87 Stable 
21.90 Stable 

46,000 ± 2000 barns/atom 
or 177 cm^/g 

Gadolinium Toxicity — Unknown. 

Gadolinium Compounds 

88 

71 

88 

70,113 

58,110, 
116 

73 

83 

Details unknown; the relative fire hazards, explosion hazards and 
disaster control depend on the nature of the anion present. 

THERMODYNAMIC PROPERTIES 

Entropy 

Heat Capacity 

76,77 

Room Temperature 

®298 = 16.2 

Cp298 = 80 

Melting Point 

£*1600 = 29- 23 eu 

CPl600 = 8* 90 
cal/(mole)(C) 



220 GADOLINIUM 

Heat Content and Entropy of Solid and Liquid Gadolinium 

(Base: cryitali at 298. IS K) 

J.K 
HT'H298.15 
cal/mole 

^^298.15 
cal/(degXmole) 

HT"H298.15 
T.K cal/mole 

400 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1300 

1400 

780 

1.480 
2,200 
2.940 
3,700 

4.480 

5,270 

6,080 

6,900 

7, 740 
8,600 

2.29 

3.83 

5.15 

6.30 

7.31 

8.22 
9.06 

9.83 

10.54 

11.22 
11.85 

1500 9,480 
1600(1) 10,370 

1600(1) 14,070 

1800 15,670 

2000 17,270 
2200 18,870 

2400 20,470 

2600 22,070 

2800 23,670 

3000 25,270 

Foi (olid gadolinium: 

HT'H298 i5" 6-60T + 0.72 * 10"3 T* - 2, 032 
(1.0 percent ; 298* - 1,60o* K)¡ 

C »6.60+ 1.44 X 10*3 T¡ 
ABl600(fuiion)«3,700. 

For liquid gadolinium: 

HT"H298. is " MO T ♦ 1,270 
(0.1 percent: 1, 600* - 3,000* K); 

Cp ■ 8.00. 

Specific Heat 

Authority 

77 

ST* ^298.15 
cal/(degXmole) 

12.46 
13.03 

15.34 

16.29 

17.13 

17,89 

18.59 
19.23 

19.82 
20.37 

53,119 

0 to 350 K 

(Perm in Ion of the American Phyilcal Society) 
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GADOLINIUM COMPOUNDS 

Antimonides 

GdSb 

Structure Cubic 

Lattice Type Naci 

ao> A 6.217 

Density, g/cm^ 

Resistivity, 
microhm-cm 

Magnetic Susceptibility, 25,575 
IO*6 emu/mole 

Effective Magnetic 7. 87 
Moment, Bohr 
magnetons 

Arsenides 

GdAs 

Structure Cubic 

Lattice Type NaCl 

ao> A 5. 862 

Melting Point, C >2270 

Magnetic Susceptibility, 27, 548 
10”6 emu/mole 

Effective Magnetic 8. 18 
Moment, Bohr 
magnetons 

Beryllides 

GdBej2 

Gd4Sb3 

Bcc 

Th3P4 

9. 224 

220 

Authority 

169,256 

168,169 

179 

ao> A 10. 27 
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GADOLINIUM COMPOUNDS 

Bismuthides 

Structure 

Lattice Type 

a , A 
o' 

Density, g/cm3 

Resistivity, 
microhm-cm 

Magnetic Susceptibility, 
10"6 emu/mole 

GdBi 

Cubic 

NaCl 

6. 316 

24,038 

Effective Magnetic 
Moment, Bohr 
magnetons 

Curie Temperature, K 

Borides 

Gd^Biß 

9. 383 

10. 09 

190 

340 

GdB2 

Molecular 
Weight 

GdB3 GdB4 GdB6 

189.36 200.18 221.82 

Structure 

Density, 
g/cm3 

Hexagonal 

3. 31 
3.94 

Tetragonal 

3. 79 
3.63 

6. 03 

Tetragonal 

7. 114 
4. 047 

6.446 

Cubic 

4. 112 

5. 30 

Melting 
Point, C 

Resistivity, 
microhm-cm 

>2100 

94. 0 

Temperature 
Coefficient 
of Resistivity. 
l0-3/C 

Authority 

169,256 

153, 155, 
171 

(Continued) 
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Authority 

Borides (Continued) 

GdB2 

Coefficient 
of Thermal 
Expansion, 
10-6/c 

Thermal 
Conductivity, 
cal/(cm)(sec) 
(C) 

Magnetic 
Susceptibility, 
10“ 6 emu/ 
mole 

Effective 
Magnetic 
Moment, 
Bohr 
magnetons 

Work Function, 
ev 

Microhard¬ 
ness, kg/mm^ 

Emissivity 
(X = 0. 655 fi) 

Color 

Effective 
Metallic 
Radius, A 

Transverse 
Rupture 
Strength, 
10^ psi 

GdBj GdB^ GdB¿, 

8.68 

0. 049 

21000 

7.68 

2.05 

2340 

0.65 

— Gray Blue 
brown 

2.18 

30 
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GADOLINIUM COMPOUNDS 

Carbides 

Molecular Weight 

Structure 

Lattice Type 

Density, g/cm^ 

Melting Point, C 

Effective Magnetic 
Moment, Bohr 
magnetons 

Curie Temperature, 
K 

Germanides 

^*^2^3 

180.9 349.8 

Body- Bcc 
centered 
tetragonal 

CaC2 pv,2c3 

3.718 8.3407 
6.275 

6.939 8.024 

>2200 

7.92 

41.3 

Gd3C ..mi. 

482. 7 

Cubic 

Fe4N 

5. 126 
a» 

8. 701 

Structure 

GdGe GdGe2 

Orthorhombic 

Lattice Type CrE a-ThSi2 

4.175 4.12 
3.960 

10.61 13.72 

Authority 

153 

183,262 

Volume of Unit Cell, 
A 3 

175.4 232.9 
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Prop«rti«f 

Halides 

Structure 

ao» ^ 
b0> ^ 

co» A 
ß, ¿«g 

Density, 
g! cm} 

Heat of 
Formation, 
kcal/mole 

Entropy of 
Formation, 
eu/mole 

Melting Point, 
C 

GdBr ^ 

Hexag¬ 
onal 

4. 172 

6.441 

BdCl3 

Hexag¬ 
on?! 

7. 363 

4. 105 

785 

Heat of Fusion, 8. 7 
kcal/mole 

Entropy of 8. 2 
Fusion, 
eu/mole 

Boiling 1490 
Point, C 

Heat of (44) 
Vaporisation, 
kcal/mole 

Entropy of (25) 
Vaporization, 
eu/mole 

Heat Capacity, 32. 1 
cal/(mole) 
(C) 

Color 

Volume of Unit — 
Cell, A3 

240. 09 

(61) 

602 

9. 6 

11.0 

1580 

(45) 

(24) 

29. 1 

GdT- Gdl' GdOCl GdOF 

Ort1io- Hexag- Tetrag- Rhombo- 
r’.ombic onal onal hedral 

225 

Authority 

55,58,93, 
108,157, 
158,159, 
182,186, 
210,235, 
236 

6. 570 
6.894 
4. 393 

7. 047 

1228 

(8) 

(5) 

White 

201. 6 

4.383 3.950 

6.968 6.672 

6. 800 

33. 05 

7. 51 

(142) 234.8 

(6) (43) 

926 

(10) - 

(8) 

(2277) 1340 

(60) (40) 

(24) (25) 

104. 10 
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gadolinium compounds 

Hydrides 

Structure 

ao> A 
co> A 

Density, g/cm3 

Heat of Formation, 
kcal/mole H2 

Entropy of Formation, 
eu/mole H2 

Nitrides 

GdH2 

Fluorite 

5. 303 

7. 08 

46. 9 
< 

40 

Molecular Weight 

Structure 

Lattice Type 

V A 

Density, g/ cm3 

Ma*n6etiC SuBcePHbility, 
10"öemu/mole 

GdN 

171.27 

Cubic 

NaCl 

4. 999 

9. 105 

35,600 

Effective Magnetic 

Moment, Bohr magnetons 

Curie Temperature, K 

Oxides 

Molecular Weight 

Structure 

a-Gd203 

362. 50 

Cubic 

10. 79 

GdH3 

Hexagonal 

3. 73 
6. 71 

fi-Gd2Q3 

362.50 

Monoclinic 

Authority 

186,187, 
251 

153,223 

156, 172, 
173, 175, 
176,177, 
247 

(Continued) 
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Oxides (Continued) 

Authority 

<X-Gd203 ß-Gd203 

Density, g/cmJ 7.41 

Melting Point, C -- 2350 

Heat of Formation, 216.97 
kcal/mole 

Entropy of Formation, (34.4) 
eu/mole 

Heat Capacity, 25. 3 25. 5 
cal/(mole)(C) 

Coefficient of Thermal Ex- 8. 2 10. 5 
pansion (100-1000 C), 
10"6/C 

Effective Magnetic 7. 9 
Moment, Bohr magnetons 

Color White 

Transition Temperature, a -► ß at 1280 
C 

Heat Content and Entropy Increment» for Gd2C>3 (Smooth Values) 

T, K 

Moaoclinlc Form 

HT"H298.16* 5-1-3298.16* 
cal/rnole cal/(degXmole) 

_Cubic Form_ 

hT*h298. 15» 
cal/mole cal/(éegXmole) 

400 2,680 7.72 

500 5,440 . 13.88 
600 8,290 19.07 

700 11,200 23.55 

800 14, 150 27.49 

900 17,140 31.01 
1000 20,170 34.21 

1100 23,240 07.13 
1200 26,350 39.84 

1300 29,600 42.06 

1400 32,690 44.72 
1500 36,920 46.95 

1560 — -- 
1600 39,190 49.06 

1700 42,600 51.07 

1600 45,850 52.98 

1900 49,230 64.81 
2000 52,640 56.66 

2,700 

5,490 

8.380 
11,340 

14.360 
17,430 

20,540 

23, 690 
26, 870 

, 30, 080 
33,310 

36, 550 

38, 170 

7.77 

13.99 

19.26 

23.82 
27.86 
31.47 

34.75 

37.75 
40.52 

43.09 
45.48 
47.71 

48.78 

175 



228 
GADOLINIUM COMPOUNDS 

Phosphides 

Authority 

169 

GdP 

Structure Fee 

Lattice Type NaCl 

ao> A 5. 723 

Magnetic Susceptibility, 28,450 
10"® emu/mole 

Effective Magnetic 7.95 
Moment, Bohr magnetons 

Selenides 

Structure 

Lattice 
Type 

GdSe GdSe2 Gd2Se3 Gd3Se4 Gd202Se 

Cubic Ortho- Bcc Bcc Hep 
rhombic 

NaCl ThSe2 Th3P4 Th3P4 

5. 758 7.27 
4. 03 
8. 30 

8.72 8.718 3.90 

6. 87 

Density, 8. 2 
g/cm^ 

7. 36 — 7. 80 

Melting 
Point, C 

Resistivity, 
microhm- 
cm 

1865 Decom- 1750 (1500) 
poses at 
>300 C 

72 — 1. 3 X 103 1. 1 X 103 

Magnetic 22,090 — 21,994 
Suscepti¬ 
bility, 10"^ 
emu/mole 

Effective 8. 20 
Magnetic 
Moment, 
Bohr 
magnetons 

169,189,192, 
227,228,260 

(Continued) 



Properties 
229 

Selenides (Continued) 

GdSe GdSe2 

Color 

Volume of 
Unit Cell. 

190. 0 

C;d2Se3 Gd3Se4 Gd2C>2Se 

664. 2 

Beige 

Authority 

Silicides 

o-GdSÍ2 /3-GdSi2 Gd3Si5 

152,153, 
160,261 

Molecular Weight 213.08 213.08 

Structure Orthorhombic 

Lattice Type 0.-YSÍ2 

ao> A 4. 09 
b0, A 4. 01 
c0. A 13.44 

Density, g/cm3 6. 43 

Melting Point, C 1540 

Resistivity, 263 
microhm-cm 

Tetragonal 

a-ThSi2 

4. 10 

13.61 

6. 19 

2100 

Hexagonal 

3. 877 

4. 172 

Transition Tem¬ 
perature, C 

Transverse Rupture 6. 1 
Strength, 103 psi 

Sulfides 

GdS 

Molecular Weight 189.33 

Structure Cubic 

a0> A 5.574 

- a at 400 

GdS^ 7-Gd2S3 

221.39 410.72 

Tetragonal Cubic 

7.85 8.387 
7.96 

153,169 

Gd202S 

378.59 

Hexagonal 

3. 851 
6. 667 

(Continued) 



230 
GADOLINIUM COMPOUNDS 

( 

Sulfides (Continued) 
Authority 

GdS GdS2 

Density, g/cm3 7.26 5.9g 

Melting Point, C 

Magnetic Suscepti- 30, 300 21 510 
bility, 10”° 
emu/mole 

Effective Magnetic 8. 01 
Moment, Bohr 
magnetons 

7-Gd2S3 Gd202S 

6.15 7.34 

1885 

27,800 

Tellurides 

Structure 

Lattice Type 

168,169, 
202,228, 

GdTe GdTe2 GdTe4 Gd2Te3 Gd3Te4 Gd2Q2Te 229'232 

Fee Tetrag- Rhomho- Tetrag- — Hexagonal 
onal hedral onal 

NaCl 

a, deg 

6.139 9.10 
9. 30 

13.0 

25.5 

Density, 
g/cm3 

6. 8 

3.96 
12. 54 

8. 0 

Melting Point, 1870 
C 1505 1410 

Resistivity, 700 5. 5 x 104 
mic r ohm- cm 1. 5 x 104 460 

Magnetic Sus•• 26,042 
ceptibility, 
10“ 6 emu/mole 

Effective Magnetic 7. 63 
Moment, Bohr 
magnetons 

» 

Color 
Brown 



Proptrtws 
231 

Miscellane ous 

Lattice 
Structure Type 

ao» ^ ^ co> 

Volume of Curie 
Unit Cell, Temper- 

ature. K 

GdAg -- CsCl 3.6478 — 

CdAg^ Tetragonal MoSi2 3.728 

48. 53 

9. 296 129.2 

GdAu2 Tetragonal MoSi2 3.7320 — 9.014 125.5 

GdGa Ortho- CrB 4.314 4.006 11.02 194.5 
rhombic 

Authority 

150,256, 
262 

GdGa2 Hexagonal 

G din 

Gdln3 

Gdlr2 Cubic 

GdMn -- 

A1B2 4. 22. 

CsCl 3.830 

AuCuj 4. 6103 

7.550 

MgCu2 7. 732 

4.141 63.89 

56.18 

97.99 

462.2 

GdOs2 Hexagonal — 5.319 — 8.838 

GdPt Ortho- FeB 5.574 4.458 7.164 178.0 
rhombic 

88 

>77 

GdPt2 

GdRh2 Cubic 

GdRu2 Hexagonal 

GdTl 

GdTl3 

MgCu2 7- 6349 

7.514 

5. 271 

CsCl 3. 77'97 

AuCu3 4- 696 

445.05 >77 

>77 

8.904 -- >77 

54.00 ; — 

103.6 



Propartias 233 

Symbol Tb 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization 
(25 C) 

Vapor Pressure 
(1625-2043 K) 

Specific Heat (25 C) 

Heat of Combustion 
(25 C) 

Coefficient of Linear 
Thermal Expansion 

Î* 

TERBIUM 

Aiomic Number 65 Atomic Weight 158.93 

Authority 

0. 7-1.0 ppm (approx. 0.9) 51 

8. 253 g/cm3 67 

1356 C 66 

2. 2 kcal/mole 61 

2800 C 57 

70 kcal/mole 57 

Lo8 Pmm Hg = 8- 657 " -^147 60 

6. 92 cal/(mole)(C) 53 

218. 4 kcal/g-atom 57 

7. 0 X 10-6/C (25-950 C) 61 

90 

(PermiMion of the American Phyiical Society) 



234 
TERBIUM 

Thermal Conductivity 0.031 cal/(cm2)(sec)(C/cm) 

Thermal Conductivity and 
Electrical Resistivity 
Versus Temperature 

(Permiwion of the American Phyncal Society) 

Heat of Sublimation 

Cohesive Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

Surface Tension 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Ionic Radius 

181 K 

Hep 

a0 = 3. 6010 A 

c0 = 5.6936 A 

8. 253 g/cm^ 

1.782 A 
l 

19. 245 cm^/mole 

1317 C 

1.06 kcal/mole 

(+3) = 0.923 A, (+4) = 0.91 A 

Authority 

121 

121 

97 

67 

67 

67 

67 

66 

66 

61 

55,93 



Prop«rli*( 235 

Closest Approach of 
Atoms 

Allotropie Modifications 

CHEMICAL PROPERTIES 

Stable Oxidation State 

Electrode Potential 

Ionization Potential 

l 

3.508 A \ 
% 

+ 3, +4 

[Tb = Tb+^ + 3e“] +2. 2 volts (standard 
hydrogen electrode) 

1st =6.7 volts 

Metallographie Polishing 
and Etching 

Terbium, like gadolinium, requires no special precautions 
to prevent oxidation during sample preparation; however, a 
hydrofluoric acid etch is needed to show the grain structure. 

Corrosion Rates 0 mil/year at 200 C 
(In Air) 110 mil/year at 400 C 

6,960 mil/year at 600 C 

Corrosion Data 

ELECTRICAL PROPERTIES 

Resistivity (18 C) 135. 5 microhm-cm (18 C) 

Temperature Coefficient 0.91 x 10“^Ç"* 
of Resistivity 

Resistivity Versus Temperature 

(Permiuion of Elteviet 

Publishing Co.) 

(Permission of the American Physical Society) 

Authority 

56 

81 

81 

82 

62 

68 

61 

61 

87,121 



236 

TERBIUM 

Resistance Versus Pressure 
Authority 

96 

magnetic properties 

' SU,CePtibiUt'- (25 C’ 193,000 X 10"^ emu/mole 

Effective Magnetic Moment Theoretical 9.72 Bohr m,gn.,ons 

Meaeured 9.7 Bohr magneton. 

Curie Temperature 

Neel Temperature 

MECHANICAL PROPERTIES 

Young1 s Modulus 

Shear Modulus 

Poisson's Ratio 

Compre s s ibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 
Strength 

Impact Strength (Izod) 

237 K 

230 K 

5.75x 10“ dynes/cm^ 

2.28 X dynes/cm^ 

0.261 

2. 45 X 10~6 cm2/kg 

46 

iOlx 103 psi 

3. 2 ft-lb 

61 

61 

61 

61 

57 

57 

61 

57 

57 

61 

71 



w 1 

Proporti«« 

Workability 

General Fabrication (See references) 

NUCLEAR PROPERTIES 

Isotopes 

Whole- Relative 
Number Abundance, Half 
Mass percent Life 

Decay 
Mode 

152 
153 
154 

155 
159 
160 

100 
K,X,e” 1 yr 

Stable 
77 days e",7, B' 

Thermal Neutron 
Cross Section 

44 ± 4 barns/atom 
or 0. 166 cm^/g 

SAFETY 

Terbium 

Toxicity - Unknown. 

Fire hazard - Moderate in powder form. 

Terbium Compounds 

Details unknown. In general precautions should be taken 
appropriate to the anion present. 

THERMODYNAMIC PROPERTIES 

Room Temperature 

3298 = 17. 5 

Cp298 = 6-92 

Melting Point 

®1700 = 30.47 eu 

Cpl700 = 8-88 cal/(mole)(C) 

Sntropy 

He it Capacity 

Heat Capacities, cal/(K)(mole) 

10 K 25 K 50 K 100 K 150 K 200 K 208. 15 K 

6.92 (.12) 1.82 5.10 7.56 8.90 11.20 

237 

Authority 

4-5 hr K,X,e- 
5. 1 days K,X,e" 
17. 5 hr K,X,e-,y,B+ 

70,113 

58,110 

73 

83 

76,77 

76 

If uii i il: fâf^ii 

- — 



238 TERBIUM 

Heat Content and Entropy of Solid 
and Liquid Terbium 
(Base: crystals at 298. 15 K) 

ht-^98.15* 
X, K cal/mole 

400 
500 

600 
700 

800 

900 

1000 

1100 

1200 
1300 

1400 

675 

1.360 

2,055 

2,770 
3.510 

4,260 

5,030 

5,820 

6,630 
7,460 
8.300 

ST'S298.15* 
cal/(KXmolc) 

I. 95 

3.46 
4.74 

5.84 
6.82 

7.71 

8.52 

9.28 

9.98 
10.64 

II. 26 

HX-H298. 15. 

, K cal/mole 

1500 

1600 
1700(1) 

1700(1) 

1800 

1900 

2000 

2200 

2400 

2600 

2800 

9,160 

10,040 
10.930 

14.830 
15.630 

16.430 

17.230 

18.830 

20.430 
22,030 

23.630 

ST ^298.15. 
cal/(KXmole) 

11.86 

12.42 

12.97 

15.26 
15.71 

16.15 

16.56 

17.32 

18.02 

18.06 

19.25 

Fot solid terbium: 

Hx-H298.15“ 6*00T+ 0-90x IO'3'*'2 - 1.869 
(0.1 percent: 298*-1,700K); 

Cp» 6.00 4 1.80 * lO-^T: 

AHi7oo (fusion) * 3,900. 

For liquid terbium: 

HX-1^298.15 “ 8.00X 4 1,230 
(0.1 percent: 1,700^-2,8001(): 

Cp ■ 8.00. 

Authority 

77 

Sp ecific Heat 

(Permission of the American 
Physical Society) 

(Results of several 
investigators) 

120 

Solid curve: Cp * 0.58X3 + 9. ¢57 ♦ 238X'® - 11.•X^* - 4.8X“4 4 0.SBX'1- * 0. OCX*6 





240 TERBIUM COMPOUNDS 

Bismuthidee 

Tb Bi 

Structure Cubic 

Lattice Type NaCl 

aQ* A 6.280 

Magnetic Susceptibility, 38086 
10"^ emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Borides 

Molecular Weight 

Structure 

ao* 

co* 

Density, g/cm^ 

Resistivity, microhm-cm 

Temperature Coefficient 
of Resistivity, 10“^/C 

Thermal Conductivity, 
cal/(cm)(sec)(C) 

Work Function, ev 

Microhardnes s, 
kg/mm^ 

9. 64 

TbB¿ TbB4 TbBfc TbBi¿ 

202.48 224.12 289.04 

Hexago- Tetrago- Cubic Cubic 
nal nal 

3.28 7.118 4.1020 7.504 

3.86 4.0286 

6.579 5.385 — 

88.0 

1.31 

0.048 -- 

— . 2.99 

3500 

Color Gray Blue 
brown 

Emissivity (X = 0.655 p) 0. 74 

Effective Metallic — -- 2.18 
Radius, A 

Authority 

169 

153,155 



Properties 
241 

Carbides 

Molecular Weight 

Structure 

Lattice Type 

a0 » A 

Cqí A 

Density, g/cm 3 

Magnetic Susceptibility, 
10-6 emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Germanides 

t 

Lattice Type 

ao J A 

co> A 

Tbc¿ Tb2C3 Tb3C 

182.93 355.86 489.6 

Body- Bcc Cubic 
centered 
tetrago¬ 
nal 

CaC2 Pu2C3 Fe4N 

3.690 8.2617 5. 107 

6.217 

7.176 8.335 8.882 

-28500 

9.57 

Tb2Ge3 

A1B2 defect 

3.95 

4. 16 

Authority 

153 

183 

Volume of Unit Cell, A3 56.21 



« T 

242 
TERBIUM COMPOUNDS 

Authority 

Halides 

TbBr3 TbClg ThFg Tblg TbF4 TbOCl TbOF 

Structure 

®o* ^ 

b0. A 
co* A 

ß. deg 

Demity, g/cm3 

Melting Point 

Heat of Fusion, kc»l/mole 

Entropy of Fusion, eu/mole 

Boiling Point, C 

Heat of Vaporization, 

kcal/mole 

Entropy of Vaporization, 
eu/mole 

Color 

Volume of Unit Cell, A3 

Hexago- Mono- Ortho- Hexago- Mono- Tetrago- Rliombo- 
nal clinic thombic nal clinic nal hedric 

158,211, 
235,236, 
279,281 

4.129 6.163 6.513 

3.848 6.949 

6.391 8.357 4.384 

107.59 -- 

7.236 

588 

(7) 

(8) 

4.357 12.1 3.927 6.758 

10.3 

(827) 

(9) 

(8) 

1490 

(44) 

1172 

(8) 

(5) 

1550 (2277) 

(46) (60) 

Hydrides 

Structure 

ao* ^ 

co* ^ 

(26) (25) (24) 

White 

198.4 

TbH2 

Cubic 

5.246 

6.954 7.9 

126 

(952) 

(10) 

(8) 

1330 

(40) 

(25) 

TbH3 

Hexagonal 

3.700 

6. 658 

6.645 

33.02 

102.47 

165 



Prop«rti«s 

Nitrides 

TbN 

Molecular Weight 172.94 

Structure Cubic 

Lattice Type ‘ NaCl 

ao> A 4.933 

Density, g/cm3 9.567 

Magnetic Susceptibility, 42900 
10“6 emu/mole 

Effective Magnetic 9. 5 
Moment, Bohr 
magnetons 

Curie Temperature, K 38 

Oxides 

Structure 

Density, g/cm3 

Heat of Formation, 
kcal/mole metal 

« 

Entropy of Formation, 
eu/mole metal 

Melting Point, C 

Magnetic Susceptibility 
10"® emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Color 

TbQ2 Tb203 Tb407 

Bcc Cubic 

10.69 10.70 

7.81 

(231) 218.4 224.8 

(50) (35.8) (45) 

2390 

-- 35800 30100 

9.7 

Dark 
brown 

Authority 

153,223 

172,176, 
186,218, 
238 



244 
TERBIUM COMPOUNDS 

Phosphides 

Tb P 

Structure Fcc 

Lattice Type NaCl 

a0, A 5.686 

Magnetic Susceptibility, 39526 
10"6 emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Selenides 

Structure 

9.56 

TbSe 

Cubic 

Lattice Type Na Cl 

»o' A 5. 740 

Magnetic Susceptibility, 33755 
10_® emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Silicides 

Structure 

9.82 

TbSi2 TbSi2_n 

Ortho- Hexagonal 
rhombic 

Lattice Type a-YSi2 A1B2 defect 

a0j A 4.045 3.847 

^o* A 3.96 

co* A 13.38 4.146 

Volume of Unit Cell, A3 

Authority 

169 

169 

263,264 

53.1 



Prop«rti«s 245 

Sulfides 

Molecular Weight 

Structure 

Lattice Type 

ao> A 

co> A 

Density, g/cm^ 

Magnetic Susceptibility, 
10"6 emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Tellurides 

Structure 

TbS Tb202S 

381.93 

Fee Hexagonal 

NaCl — 

5.517 3.825 

6.626 

7.56 

35088 — 

9.63 - 

TbTe 

Fee 

Lattice Type NaCl 

a0, A 6. 101 

Magnetic Susceptibility, 38760 
10"6 emu/mole 

Effective Magnetic 9. 57 
Moment, Bohr 
magnetons 

Authority 

153,169 

169 



Prop»rt¡«s 247 

DYSPROSIUM 

Symbol Dy Atomic NumbCí öS Atomic Weight 162.51 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization (25 C) 

Vapor Pressure 
(1257-1690 K) 

4. 5-7. 5 ppm (approx. 5) 

8. 559 g/cm^ 

1407 C 

3. 8 kcal/mole 

2600 C 

67 kcal/mole 

L°8 Pmm Hg = 8. 882 - 1^222 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal Expansion 

6. 73 cal/(mole)(C) 

222. 92 kcal/g-atom 

8. 6 X 10-6/c 

Authority 

51 

67 

66 

61 

57 

57 

60 

76 

134 

61 

90 

Thermal Conductivity (28 C) 0. 024 cal/(cm2)(sec)(C/cm) 115 



V 

248 
DYSPROSIUM 

Thermal Conductivicy and Electrical Resistivity 
Versus Temperature 

Authority 

128 

Heat of Sublimat ion 

Cohesive Energy 72 kcal/mole 

Work Function 

Debye Temperature 186 K 

Expansion on Melting 

Surface Tension 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Hep 

a0 » 3. 5903 A 
c0 = 5. 6475 A 

8. 559 g/cm3 

1.773 A 

19. 032 cm^/mole 

89 

97 

61 

61 
61 

67 

67 

66 



Properties 

249 

Ionic Radia, (Trivalant Ion) 0. 908 A 

Closest Approach of Atoms 3. 499 A 

Allotropie Modifications 

CHEMICAL PROPERTIES 

Stable Oxidation State 

Electrode Potential 

Ionization Potential 

Metallographie Polishing 
and Etching ^ 

Corrosion Rates (In Air) 

Corrosion Data 

,2) to “«>«c'riture 

86 K 'eb7.“VS W"ed 

Authority 

55 

56 

66 

124 

+3 

[°yd'rogye+n elecVrode)'2 VOlt8 (“t“d*rd 

1st = 6. 8 volts 

Dysprosium exhibits considerable 
resistance to oxidation and to etch^ 
The most satisfactory etch is based * 
on'hydrofluoric acid. 

59 mil/year at 400 C 
1110 mil/year at 600 C 

Corrosive attack on crucible material,; 

Material 

Ta 

ELECTRICAL PROPERTIES 

Resistivity (25 C) 

Temperature Coefficient 
of Resistivity 

Onset of Attarlr 

None <1400 C 

56 microhrn-cm 

1. 19 X 10-3/c 

81 

81 

82 

62 

68 

91 

61 

61 



250 DYSPROSIUM 

Resistivity Versus Temperature 

(Permitsion of the American Physical Society) 

Authority 

117,127 

(PermissioR of Dievier Publishing Co. ) 

Resistance Versus Pressure 96 

MAGNETIC PROPERTIES 

Susceptibility (25 C) 99,800 X 10~6 emu/mole 61 

Effective Magnetic 
Moment 

Theoretical 10. 6 Bohr magnetons 61 
Measured 10. 64 Bohr magnetons 

Curie Temperature 85 K 61 

Neel Temperature 178.5 K 61 



Prop«r»Ms 

MECHANICAL PROPERTIES 
i 
i 

4 Young's Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 
4 

Elongation 

Ultimate Compressive 
Strength 

Impact Strength (laod) 

I 

Workability 

General Fabrication 

NUCLEAR PROPERTIES 

Isotopes 

Whole- 
Number 

Mass 

156 
158 
160 

161 
162 
163 

164 
165 

6. 31 X 10^ dynes/cm^ 

2. 54 X 10*1 dynes/cm^ 

0. 243 

2. 39 X 10-6 cm2/kg 

42 

70 F 400 F 

35.7 30.8 103 psi 

32.6 20.8 103 psi 

6 8. 3 per cent 

73.8 103 psi 

1. 6 ft-lb 

Fair 
«u> 

(See references) 

Relative 
Abundance, Half Decay 

percent Life Mode 

0.0524 Stable 
0.0902 Stable 
2. ¿94 SUble 

18.88 Stable 
25.53 SUble 
24.97 SUble 

28. 18 SUble 
2. 4 hr ß~,e~,y 

Thermal Neutron 1100 ± 150 barns/atom or 
Cross Section 4. 1 cm2/g 

251 

Authority 

57 

57 

61 

57 

57 

88 

88 

38 

61 

71 

88 

70,113 

58,123 

73 



252 DYSPROSIUM 

Authority 

SAFETY 

Dysprosium and its compounds — Toxicity unknown. The hazards 
are unknown except where precautions 
are required because of the anion 
present. 

THERMODYNAMIC PROPERTIES 

loom Temperature Melting Point 76, 77 

Entropy ^298 = 17. 9 ^4773 = 31. 1 eu 

Heat Capacity (^p298 = 6- 73 Cpll73 = 9- 02 C 

Heat Capacities, cal/(K)(mole) 76 

10 K 25 K 50 K 

(0.16) 2.20 5.52 

100 K 150 K 200 K 

8.32 1 0.88 6.97 

298.15 K 

6.73 

Heat Content and Entropy of Solid and Liquid Dysprosium 
(Base: crystals at 298.15 K) 

HT_H28?.15* sT^98.15- 
T. K cal/mjle cal/(K)(mole) 

15. 
T, K cal/rnolc 

400 670 

500 1,350 
600 2.040 

700 2,750 

800 3.480 

900 4,220 

1000 4,980 

1100 5,760 
1200 6,560 

1300 7,370 
I4o0 8.200 

1.93 

3.45 

4.70 

5.80 

6.77 

7.65 

8.45 

9.19 
9.88 

10.53 
11.15 

1500 

1600 

1700 

1773(s) 
1773(1) 

1800 

1900 
2000 

2200 

2400 
2600 

9,050 

9,910 

10,790 

11,440 

15,540 

15,760 

16, 560 
17,350 

18,360 

20,560 

21,160 

HT-H298.15 » 6. 00T ♦ 0.85 * 10*3T2-1, 864 
(0.1 percent; 298-1773 K); 

Cp ■ 6.00 ♦ 1.70 X 10*3T; 

Hlrr3(fusion) ■ 4,100. 

ST_3298.15* 
cal/(K)(inole) 

11.74 

12.29 
12.82 

13.20 

15.51 

15.63 

16.07 

16.48 
17.24 

17.93 
18.57 

HT-H296.15 ■ 8. 00T ♦ 1,360 
(0.1 percent; 1773-2600 K); 

Cp ■ 6.00. 

77 



Prop«rti«s 253 

Specific Heat 

Authority 

53,125 

(Permission of the American Physical Society; results of 
several investigators are reported. ) 

DYSPROSIUM COMPOUNDS 

Antimonide ■ I ¿ ç 

DySb 

Structure Cubic 

Lattice Type NaCl 

*o, A 6. 160 

Magnetic Susceptibility 45558 
10-6 «mu/mole 

Magnetic Moment, 10. 62 
Bohr magnetons 



254 DYSPROSIUM COMPOUNDS 

Arsenides 

Structure 

DyAs 

Cubic 

Lattice Type NaCl 

a0, A 5.803 

Magnetic Susceptibility, 46948 
10“6 emu/mole 

Magnetic Moment, 10. 51 
Bohr magnetons 

Beryllides 

a 
o’ 

A 

Bismuthides 

Structure 

PyBei3 

10. 240 

DyBi 

Cubic 

Lattice Type NaCl 

a0, A 6. 251 

Magnetic Susceptibility, 44, 053 
10'6 emu/mole 

Magnetic Moment, 10. 97 
Bohr magnetons 

Authority 

169 

179 

169 
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Borides 

Molecular Weight 

Structure 

ao> A 

c0, A 

Density, g/cm3 

Work Function, ev 

Color 

Emissivity 
(X = 0. 655 n) 

Effective Metallic 
Radius, A 

Carbides 

Molecular Weight 

Structure 

Lattice Type 

ao* ^ 

c0, A 

DyB2 

184.10 

Hexagonal 

3. 285 

3.835 

Py3C 

499.38 

Cubic 

Fe4N 

5. 079 

Density, g/cm3 9.211 

Magnetic Suscep¬ 
tibility, 
10*6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

PyB4 DyB6 DyB12 

205.74 227.38 

Tetragonal Cubic 

7.101 4.0976 

4.0174 

6.74 5.49 

3.53 

Gray brown Blue 

0. 7 

2.18 

Py2C3 

360. 92 

Bcc 

Pu2C3 

8. 198 

PyC2 

292.30 

Cubic 

7. 501 

4. 60 

186.46 

Body-centered 
tetragonal 

CaC2 

3.669 

6. 176 

7.450 

-38500 

Authority 

153,154, 
155,171 

153 

10. 53 
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Germanides 

Structure 

Lattice Type 

ao> ■A 

c0, A 

Volume of Unit 
Cell, A3 

Halides 

Structure 

•o# A 

bo, A 

Cq, A 

p- d«g 

Deniity, g/cm3 

Melting Point, C 

Heat of Fusion, 
kcal/mole 

Boiling Point, C 

Heat of Vaporization, 
kcal/mole 

Entropy of Fusion, 

eu/mole 

Entropy of Vaporization, 
eu/mole 

Color 

Volume of Unit Cell, A3 

DyGe 

Orthorhombic 

CrB 

Dy2Ge3 

DYSPROSIUM COMPOUNDS 

Authority 

183,262 

Defective AIB^ 

4. 112 

3. 924 

10. 81 

174. 4 

3. 92 

4. 13 

54. 96 

DyBr3 OyCla DyPa Py'a DyOCl 

93,108, 
157,158, 
209,210, 
211,235, 
236 

DyOP 

Hexagonal Monoclinic Orthorliombic Hexagonal Tetragonal Rhombohedral 

4.114 

6.400 

881 

1480 

25 

8.91 

11.91 

6.40 

111,2 

654 

7 

1530 

46 

8 

25 

6.460 

6.906 

4.376 

7.456 

1154 

8 

2230 

60 

4.335 

6.958 

3.911 

6.620 

24 

Light green 

195.2 

955 

10 

1320 

41 

8 

25 

101.26 

u 
It 
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Hydrides 

Structure 

ao> A 

co> A 

Magnetic Susceptibility, 
10” 6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

Neel Temperature, K 

Nitrides 

DyHz DyH3 

Cubic Hexagonal 

5.201 3.671 

6.615 

46,700 38, 900 

10.8 9.5 

8 

-DyN 

Molecular Weight 176.52 

Structure Cublc 

Lattice Type NaC1 

ao» A 4. 905 

Density, g/cm3 9. 557 

Resistivity, microhm-cm 100 

Temperature Coefficient 0. 75 x 10-3 
of Resistivity 
(300-750 K), 10-3/c 

Magnetic Susceptibility, 48, 900 
10-6 emu/mole 

Magnetic Moment, 10.6 
Bohr magnetons 

Authority 

165,265 

149,153, 
223 

Curie Température, K 22 
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dysprosium COMPOUNDS 

Oxides 

Molecular Weight 

Structure 

ao> A 

Density, g/ cm^ 

Melting Point, C 

Heat of Formation, 
kcal/mole metal 

Entropy of Formation, 
eu/mole metal 

py203 

373. 0 

Bcc 

10. 63 

7. 81 

2340 

222.92 

(35. 7) 

Heat Capacity, 

cal/(mole)(C) 

Coefficient of Thermal 
Expansion (20-1300 C). 
10-6/c h 

28.05 (300 K) 
3450 (2300 C) 

7. 7 

Authority 

156,172 
173,176, 
177,245 

Magnetic Moment, 
Bohr magnetons 

Color 
White 

Heat-Content and Entropy Values 
(Smooth Values) values Dysprosium Oxide 

hT*h298.15. 
IâJL c«l/mole 

400 2,920 
«00 5,900 

800 8.960 
700 12,070 
800 15,210 
000 18,380 

1000 21,580 
1100 24,810 
1200 28,070 
1300 31,370 

ST-«298.15 
Ç«l/(KKmole) 

8.42 

15.06 
20.64 
26.43 
29.63 
33.36 
36.73 
39.81 
42.65 
45.29 

T. K 

1400 
1500 
1590(o) 
1590()8) 
1600 
1700 
1800 
190«.' 
2000 

HT*H^8.15. 

c«1/.. jIo 

34,720 
38,120 
41,220 
41,440 
41.780 
45,230 
48,680 
52,130 ■ 
55,580 

^T“«298.15* 
g«l/(Kymole) 

47.77 
50.11 
52.12 
62.26 
52.47 
64.57 
56.54 
58.48 
60.17 

245 
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Phonphidea 

Structure 

Lattice Type 

a0, A 

Magnetic Susceptibility 
IO’6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

Selenides 

Structure 

Lattice Type 

*0» ^ 

1*0» A 

Co» A 

Density, g/cm3 

Magnetic SusceptibUlty 
10“6 emu/mole 

Magnetic Moment, 
Bohr Magnetons 

Color 

DyP 

Cubic 

NaCl 

5. 654 

46729 

10. 34 

Authority 

169 

166, .’68, 
169,192, 
194,213 

DySc Dy2Se3 DyzOzSe 

Cubic Orthorhombic Hep 

NaCl 

5.711 3.69 3.83 

10.85 

11.0 6.79 

7.21 8.39 

40984 43250 

10.37 10.40 

Blue black Light gray 
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dysprosium compounds 

Silicides 

Molecular Weight 

Structure 

Lattice Type 

ao» A 

^o> ■A 

co> A 

Density, g/cm3 

Melting Point, C 

Transition 
Temperature, C 

21862 218.62 

Orthorhombic Tetragonal Hexagonal 

a'YSl2 “-ThS‘2 A1B2 defect 

4. 03 4. 04 

3. 95 

13. 34 

6. 8 

a - )8-540 

13. 38 

6. 68 

1550 

3.83 

4. 11 

Resistivity, 30 
microhm-cm 

Superficial Hardness, 80 
Rockwell A 

Transverse Rupture 9 5 
Strength, 103 p8i 

Volume of Unit Cell, 
A 

Authority 

152,153, 
160,264 

52.2 
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Sulfides 

Molecular Weight 

Structure 

Lattice Type 

®o# A 

*>0. A 

Cqi A 

ß, deg 

Denaity, g/cm3 

Melting Point, C 

Magnetic Sutceptihility, 
10*6 emu/mole 

Magnetic Moment, 
Bohr magneton 

Tellurides 

Structure 

Lattice Type 

*o> A 

co» A 

Density, g/cm^ 

Resistivity, 
microhm* cm 

Authority 

£>* Pys3? i-DygSa a-Dy2s3 

421.22 421.22 

NaCl 

6.490 

194.61 1037.01 

Fee Monoclinic Bcc 

Th3P4 

12.34 8.292 

3.81 

11.61 

74 

6.14 

1640 

40000 

10.39 

6.54 

1480 

47700 

10.17 

4.0! 

17.57 

5.75 

OySa 

226.64 

Monoclinic Tetragonal 

7.69 

7.85 

6.11 

DyaQaS 

389.09 

Hexagonal 

3.803 

6.603 

7.84 

153,169, 
227 

DyTe PyTe2.n 

Fee 

NaCl 

6. 075 4. 29 

8.91 

py3Te4 Dy202Te 

Hexagonal 

3. 92 

12. 38 

8.46 

169,202, 
205,242 

3. 1 X 103 

Magnetic Suscep- 45977 
tibility, 10-6 emu/ 
mole 

Magnetic Moment, 10.47 
Bohr magnetons 

Ilililí! 111,11)1:, III ' .1 Hill,Il II,,',' 11 ¡i 

Color 
Maroon 
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Miscellaneous 

Compound Structuie UttlceType 

DyAg2 Tetragonal MoSij 

DyAU2 Tetragonal MoSi2 

DyC» Orthorhombic CrB 

C*yG«2 Hexagonal AIB2 

Dyln — CiCl 

Dyina " AuCu3 

*o- A 

3.6957 

3.6940 

4.300 

4.2011 

3. 7866 

4.5762 

bo, A 

4.067 

Dy.>n Tetragonal CuTl3 4.602 

DyMnj 

DyPt Orthorhombic 

DyPtj 

DyPt3 

DyTl 

DyTla 

MgCuo 7.5731 - 

FeB 5.466 4.453 

MgCu2 7.5966 -- 

AuCu3 4.072 

C*C1 3.7866 - 

AuCu3 4.6720 — 

A 

9.213 

8.956 

10.89 

4.0655 

4.495 

7.118 

Volume of Unit Cell. A3 

125.8 

122.2 

190.4 

62.14 

54.29 

95.83 

104.7 

434.33 

173.3 

438.39 

67.52 

54.29 

101.98 

Authority 

262 



Prop«rti«i 
263 

HOLMIUM 

Symbol Ho 
Atomic Number 67 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization 
(25 C) 

Vapor Pressure 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal Expansion 
(20-708 C) 

Thermal Conductivity 

Cohesive Energy 
I 

Work Function 

Debye Temperature 

Expansion on Melting 

Surface Tension 

0. 7-1. 2 ppm 

8. 799 g/cm^ 

1461 C 

4. 1 kcal/mole 

2600 C 

67 kcal/mole 

6.49 cal/(mole)(C) 

224. 78 kcal/g-atom 

9. 5 X 10"6/C 

75. 04 Ijcal/mole 

75. 5 kcal/mole 

191 K 

Heat of Sublimation (25 C) 

Atomic Weight 164.94 

Authority 

51 

67 

66 

61 

57 

57 

76 

134 

61 

130 

130 

97 



264 HOLMIUM 

CRYSTAL PROPERTIES 
Authority 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Hep 

a0 = 3.5773 A 
c0 = 5.6158 A 

8.799 g/cm3 

1.766 A 

18. 742 cm3/mole 

61 

61 

67 

67 

66 

Ionic Radius (Trivalent 
Ion) 

Closest Approach of 
Atoms 

Allotropie Modifications 

CHEMICAL PROPERTIES 

0. 894 A 55 

3. 480 A 56 

(1) Resistivity measurements indicate 
a structural change at high temperature. 

Stable Oxidation State +3 

Electrode Potential [Ho * Ho+3 + 3e-] + 2. 1 volts 

(standard hydrogen electrode) 

Ionization Potential 

Metallographie Polishing 

and Etching Holmium exhibits considerable 
resistance to oxidation and to 
etching. The most satisfactory 
etch is based on hydrofluoric acid. 

Corrosion Rates (In Air) 2 mil/year up to 200 C 
18 mil/year at 400 C 
880 mil/year at 600 C 

Corrosion Data 

81 

81 

62 

68 
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ELECTRICAL PROPERTIES 

Resistivity (25 C) 87 microhm-cm 

Temperature Coefficient 1.71 x 10“3/C 
of Resistivity 

Resistivity Versus Temperature 

Authority 

61 

61 

117,127 

(Permintoo of the American 
Phyiical Society) 

Resistance Versus Pressure 
(Perminion of the American Phyiical Society) 96 
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HOLMIUM 

magnetic properties 

Susceptibility (25 C) 

Effective Magnetia 
Moment 

Curie Temperature 

Néel Temperature 

MECHANICAL PROPERTIES 

Young's Modulus (Y) 

Shear Modulus 

Poisson's Ratio (v) 

Compressibility (/3) 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 
Strength 

Impact Strength (Izod) 

Workability 

General Fabrication 

70,200 X 10”^ emu/mole 

Theoretical 10. 6 Bohr magnetons 
Measured 10.89 Bohr magnetons 

<20 K 

133 K 

6. 71 dynes/cm^ 

2. 67 dynes/cm^ 

0. 266 

2. 14 X 10*6 cm2/kg 
(calculated from fi = 

Y 

400 F 

30.8 10^ psi 

24. 6 103 psi 

6 per cent 

psi 

7 ft-lb 

42 

70 F 

37. 5 

32. 1 

5 

(See references) 

Authority 

61 

61 

61 

61 

57 

57 

57 

57 

88 

88 

88 

61 

71 

70,113 
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NUCLEAR PROPERTIES 

Isotopes 

Thermal Neutron 
Cross Section 

SAFETY 

Whole- 
Number 

Mass 

160 
161 
162 
¡63 
164 
165 
166 

Authority 

111, 116 

Relative 
Abundance, Half Decay 

jercent 

100 

Life 

20 min 
60 days 

4. 5 hr 
7 days 

35 min 
Stable 
27. c hr 

64 ± 3 barns/atom 
or 0. 23 cm^/g 

Details unknown. 

Mode 

K, X 
K,X, 7,e* 
K,X,7,e-,ß+ 
K, X, 7,e" 

ß~ 

ß~,y 

73 

83 

THERMODYNAMIC PROPERTIES 

Entropy 

Heat Capacity 

Room Temperature 

S298 = 18-0 

Melting Point 

Si773 * 31.2 eu 

76,77 

Cpl773 = 9. 02 cal/(mole)(C) cp298 3 6- 49 

Heat Capacities, cal/(K)(mole) 

10 K 26 K SO K 100 K 160 K 200 K 298.15 K 

(.52) 3.03 6.86 9.36 6.36 6.33 6.49 

Heat Content and Entropy of Solid and Liquid Holmium 

(Bue: cryiuli it 298.16 K) 

T.K 

400 

600 
600 

700 

800 

900 
1000 

1100 

1200 
1300 
1400 

HT*H298.16* 
cil/mole 

670 

1*360 
2,040 
2.760 

3,480 

4,420 
4,986 

5.760 

6,560 

7,370 
8,200 

St*S298. 16* 
cil/(K)(niole) 

1.94 

3.44 

4.71 
6.80 
6.77 

7.66 
8.40 

9.19 

9.89 
10.64 

11.16 

T,K 

1600 

1600 
1700 

1773(1) 

1773(1) 
1800 

2000 
2200 

2400 

2600 

HT*H298.15* 
cil/mole 

9,060 

9,910 
10,790 

11,440 

16,540 

15,760 

17,360 
18,960 

20,560 
22,160 

St*%08. 16* 
cil/(KXmole) 

11.74 
12.29 
12.83 
13.20 
15.52 
16.64 
16.49 
17.26 
17.94 
18.58 

76 

77 

(Continued) 
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Authority 

Heat Content and Entropy of Solid and Liquid Holmium (Continued) 77 

Fot solid holmium: 

HT*Hî98, is ■ 6-00 T ♦ °*85 x 10'3 t2 ‘ ^864 
(0.1 pet cent ; 298-1773 K); 

C. » 6.00 ♦ 1,70 x 10"3 T; 

H 1773((u*lon) ■ 4, 100, 

For liquid holmium: 
Hij-Hggg lg * 8,00 T 4 1*360 

(0.1 percent; 1773-2600 K); 

Cp» 8.00, 

Specific Heat 53,129 

i 

I 

J- 

0 to 300 K 

HOLMIUM COMPOUNDS 

Antimonidee 

Structure 

Lattice Type 

ao* A 

Magnetic Sueceptibility, 
10“6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

HoSb 

Cubic 

NaCl 

6. 130 

44,743 

10. 3S 

169 
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Arsenides 

Structure 

Lattice Type 

ao> A 

Magnetic Susceptibility, 
10"^ emu/mcle 

Magnetic Moment, 
Bohr magnetons 

Beryllides 

ao» A 

Bismuthides 

Structure 

Lattice Type 

ao> A 

Magnetic Susceptibility, 
10“® emu/mole 

Magnetic Moment, 
Bohr magnetons 

Borides 

Molecular Weight 

Structure 

ao> A 
co' A 

Density, g/cm^ 

Coefficient of Thermal 
Expansion, 10“^/C 

HoAs 

Cubic 

NaCl 

5. 771 

46,080 

10. 47 

HoBe 13 

10.220 

HoBi 

Cubic 

NaCl 

6. 228 

v 44,543 

10. 32 

HoB 2 HoB4 HoBfc 

175.26 206.78 

Hexag- Tetrag¬ 
onal onal 

3.17 7.064 
3.81 4.000 

6.88 

HoB 12 

228.42 294.78 

Cubic Cubic 

4.096 7.492 

5.53 4.655 

3.0 

Authority 

169 

179 

169 

153,155 

(Continued) 
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HOLMIUM COMPOUNDS 

Authority 

Boride* (Continued) 

Work Function, ev 

Color 

Emissivity (X * C. 665 fi) 

Effective Metallic 
Radius, A 

Carbides 

Molecular Weight 

H0B2 H0B4 HoBfc HoB12 

3.42 

Gray brown Blue 

0.7 

2. 17 

HoC2 Ho2C3 H03C 

188.94 365.88 506.82 

Structure 

Lattice Type 

Body-centered Bcc 
tetragonal 

CaC2 PU2C3 

Density, g/cm3 

3.643 8.176 

6.139 

7.701 8.892 

Magnetic Susceptibility, ~43, 500 

10"6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

Cubic 

Ft4N 

5. 061 
mm 

9.434 

Germanides 

Lattice Type 

Ho2Gej 

Defective AIB2 

ao» ^ 
Cq» A- 

Volume of Unit Cell, A3 

3.90 
4. U 

153 

183 

54. 14 
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Halide« 

HoBrj H0CI3 

Structure Hexagonal Mono¬ 
clinic 

ao> 

b0, A 

A 
ß, deg 

4. 088 

6. 391 

6. 85 
11. 85 

6. 39 
110. 8 

Density, 
g/cm3 

Melting 914 720 
Point, C 

Heat of 10 7.0 
Fusion, 
kcal/mole 

Authority 

H0F3 

Ortho- Hexag- 
rhombic onal 

Ho*3 

Hexag¬ 
onal 

HoOCl 

Tetragonal 

93, 108, 158, 
182,209, 
210,235, 
236 

6.404 6.333 4.319 3.893 
6.875 
4.379 6. 984 6.946 6.602 

7.644 7.829 

1143 1010 

8 10 

Boiling Point, 1470 1510 2230 1300 
C 

Heat of 
Vaporization, 
kcal/mole 

Entropy of 
Fusion, 
eu/mole 

Entropy of 
Vaporization, 
eu/mole 

Heat Capacity, 
cal/(mole)(C) 

Volume of 
Unit Cell, A3 

43 44 

8 7. 1 

25 25 

29.0 

485 

60 

5 

24 

192.8 282.4 

41 

8 

26 

100. 06 

Color Brown pink 
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Hydrides 

Structure 

a0> ^ 
c0, A 

Nitrides 

Molecular Weight 

Structure 

Lattice Type 

ao> A 

Density, g/cm^ 

Resistivity, microhm 

HoH2 HoH3 

Cubic Hexagonal 

5.165 3.642 
6.560 

HoN 

178. 95 

Cubic 

NaCl 

4. 87 

10. 26 

cm 110 

Temperature Coefficient 1 
of Resistivity (300-1500 K), 
10'3/C 

Magnetic Susceptibility, 47, 800 
10”” emu/mole 

Magnetic Moment, 10. 3 
Bohr magnetons 

Curie Temperature, K 19 
1 

Oxide« 

Ho203 

Structure Bcc 

*o» A 10. 58 

Density, g/cm3 8. 36 

Heat of Formation, 224. 78 
kcal/mole 

Entropy of Formation, (35. 7) 
e j/mole 

HOLMIUM COMPOUNDS 

Authority 

165 

149,153, 
223 

156,172, 
177,259, 
266 

(Continued) 
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Authority 

Oxides (Continued) 

Ho2°3 

Heat Capacity at 27.05 
300 K, cal/(mole)(C) 

Coefficient of Thermal 
Expansion, 10”^/C 

7.9 

Magnetic Moment, 10.6 
Bohr magnetons 

Color Light yellow 

Heat Content and Entropy Increments for Holmium Oxide 
(Smooth Values) 

hT'h298. 16* 
T, K ctl/mole 

sr-saae. i6* 
cal/(KKmoU) 

400 1,820 8.13 

600 6,710 14.67 

600 8,680 19.98 

700 11,700 24.64 

800 14,760 28.72 

900 17,840 32.36 

1000 20,940 36.02 

1100 24,070 38.60 

1200 27,230 41.36 

18* 
T, K ctl/mole 

87-^88.16* 
cal/(KXmole) 

1300 30,420 

1400 33.640 
1600 36,900 

1600 40,200 

1700 43,640 
1800 46,920 

1900 60,330 

2000 63,770 

43.90 

46.29 

48.64 
60.67 

62.69 
64.83 

66.47 

68.23 

Phosphides 

Structure 

HoP 

Cubic 

Lattice Type NaCl 

*0' A 
5.626 

Magnetic Susceptibility, 46, 083 
10'6 emu/mole 

Magnetic Moment, 10. 34 
Bohr magnetons 

169 
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HOLMIUM COMPOUNDS 

Selenides 

Structure 

Lattice Type 

ao’ A 

Magnetic Susceptibility, 
10"^ emu/mole 

Magnetic Moment, 
Bohr magnetons 

Sil ic ide s 

Structure 

Lattice Type 

a0, A 
b0, A 

co’ A 

Volume of Unit Cell, 

HoSe 

Cubic 

NaCl 

5. 680 

43,478 

10. 62 

HoSÍ£ 

Orthorhombic 

a-YSÍ2 

4. 03 
3. 97 

13.40 

Sulfides 

Structure 

Lattice Type 

ao’ A 

Magnetic Susceptibility, 

10"6 emu/mole 

HoS 

Fee 

NaCl 

5. 465 

41,464 

Magnetic Moment, 
Bohr magnetons 

HoSi2.n 

Hexagonal 

Defect AIB2 

3. 816 

4. 107 

51. 5 

Authority 

169 

263,264 

169 
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Tellurides 

Structure 

Lattice Type 

ao’ ^ 

Magnetic Susceptibility, 
10“^ emu/mole 

Magnetic Moment, 
Bohr magnetons 

Miscellaneous 

Compound 

Hole 

F cc 

NaCl 

6. 049 

48,780 

10. 50 

Lattice Type 

Authority 

169 

267 

j?: A 

HoGa, AuCu- 4. 226 
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Symbol Er 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization 
(25 C) 

Vapor Pressure 
(1392-1780 K) 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal Expansion 

y 
'ï 

ERBIUM 

Atomic Number 68 Atomic Weight 161.21 

Authority 

2. 5-6. 5 ppm 51 

9. 062 g/cm^ 67 

1550 C 257 

4. 1 kcal/mole 61 

2650 C 257 

64. 75 kcal/mole 257 

Log PmmHg 

6.72 cal/(mole)(C) 76 

226. 80 keal/g-atom 134 

9.2 X 10"6/C (-178-950 C) 61 

(Permission of the American Physical Society) 



278 ERBIUM 

Thermal Conductivity 

(28 C) 

Heat of Sublimation 
(25 C) 

Cohesive Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

Surface Tension 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Ionic Radius (Trivalent 
Ions) 

Closest Approach of 
Atoms 

Allotropie Modifications 

CHEMICAL PROPERTIES 

Stable Oxidation State 

Electrode Potential 

0. 023 cal/(cm2)(sec)(C/cm) 

75. 39 kcal/mole 

75.7 kcal/mole 

195 K 

Hep 

a0 = 3.5588 A 

c0 = 5. 5874 A 

9. 062 g/cm3 

1.757 A 

18. 473 cm3/mole 

0.881 

3.459 A 

+3 81 

[Er = Er+3 + 3e~] +2.1 volts (standard 81 
hydrogen electrode) 

61 

61 

67 

67 

66 

Authority 

115 

130 

130 

97 

Ionization Potential 
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Authority 

Metallographie Polishing 62 
and Etching 

Erbium exhibits considerable resistance 
to oxidation and to etching. The most satisfactory 
etch is based or* hydrofluoric acid. 

Corrosion Rates 
(In Air) 

Corrosion Data 

<1 mil/year up to 200 C 
14 mil/year at 400 C 
114 mil/year at 600 C 

68 

91 

Corrosive attack on crucible materials: 

Material Onset of Attack 

Ta None < 1400 C 

ELECTRICAL PROPERTIES 

Resistivity (25 C) 107 microhm-cm 61 

Temperature Coefficient 2.01 x 10"^/C 61 
of Resistivity 

Resistivity Versus Temperature 117,12^ 

(PermUilon of the American Phyilcal Society) (Permlulon of Elievier Puhllihlng Co.) 
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ERBIUM 

Resistivity Versus Temperature 

Resistance Versuc Pressure 
(Perm Uiion oí the Amertc.n Phy.ical Society) 

Authority 

131 

96 

WfSNBTIC 1-iOPMTIII 

Susceptibility (25 C) 

Effective Magnet.c 
Moment 

Curie Temperature 

N¿el Temperature 

44,100 X 10-6 emu/mole 

Theoretical 
Measured 

9-6 
9.5 

Bohr magnetons 
Bonr magnetons 

20 K 

84 K 

61 

61 

61 

61 
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MECHANICAL PROPERTIES 

Young's Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compj-essive 
Strength 

Impact Strength (Izod) 

Workability 

General Fabrication 

NUCLEAR HtOPERTIES 

Isotopes 

Thermal Neutron 
Cross Section 

Authority 

7. 33 X 101 * dynes/cm^ 57 

2. 96 X 10^ dynes/cm^ 57 

0.238 61 

2. 11 X 10"6 cm2/kg 57 

44 57 

70 F 400 F 800 F 

42.4 34.7 25.1 103 psi 88 

38.7 29.6 21.8 103 psi 88 

4 5.5 6.8 per cent 88 

110. 1 103 psi 61 

l. 2 ft-lb 71 

Poor 88 

(See references) 70,113 

Whole- Relative 
Number Abundance, 
Mass percent 

162 0.136 
164 1.56 
165 

166 33.41 
167 22.94 
168 27.07 

169 
170 14.88 
171 

166 A 16 barns/atom 
or 0. 60 cm^/g 

58,133 

Half Decay 
Life Mode 

Stable 
Stable 
1. 1 min /3+ 

Stable 
Stable 
Stable 

9.4 days ß" 
Stable 
7.5 (?) ß-,7 

73 
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ERBIUM 

Authority 

SAFETY 

Details unknown. 
83 

THERMODYNAMIC PROPERTIES 

Entropy 

Heat Capacity 

Room Temperature 

s298 = 11■ 5 

cp298 = 6,72 

Melting Point 

s1800 31.03 eu 

CpiSOO 
8.95 cal/ 

(mole)(C) 

76,77 

Heat Capacities, 7b 

cal/UC)(mo^e) 

10 K 25_K 50_K 100 K 150 K 200_K »S. 15_K 

(.47) 3.73 6.78 5.88 6.21 6.46 6.72 

77 

Heat Content and Entropy 
of Solid and Liquid 
Erbium 

(Baie: cryitth at 298. IS K) 

1*T*^98.15* 

T.K cal/trióle 

15* 
cal/<10(moleI 

400 

500 

600 

700 

800 
900 

1000 

1100 

1200 

1300 
1400 

1600 

690 

1,390 

2,095 

2,820 

3,560 

4,310 

5,080 

6,870 
6.670 

7,480 
8,310 

9,160 

I. 99 
3.54 

4.84 

5.95 
6.94 

7.83 
8.64 

9.39 

10.08 

10.73 
II. 35 

11.93 

Ht'h298.15* 
X, K cal/mole 

sT’®298. 15* 
cal A KŸmole) 

1600 10,020 

1700 10,890 

1800(*) 11.^80 

1800(1) 15.880 
1900 16,680 
2000 17.480 

2200 19,080 
2400 20,680 
2600 22.280 

2800 23,880 
2900 24,680 

12.-.9 

13.02 

13.53 

16.81 
16.24 

16.65 
17.41 

18.11 
18.75 
19.34 

19.62 

For »olid erbium: 

H,-H298 15 * 6-29T * * 10'3t2 ' 1,941 
(0.2 percent; 298 -1.800 K); 

Cp * 6.29 ♦ 1.48 * 10”3 T; 

AHl8o</fu‘'°n> “ 4* 10°* 
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Specific Heat 

ERBIUM COMPOUNDS 

Antirnonides 

Structure 

Lattice Type 

®o> 

Melting Point, C 

Resistivity, microhm-cm 

Magnetic Susceptibility, 
10“® emu/mole 

Magnetic Moment, 
Bohr magnetons 

ErSb 

Cubic 

NaCl 

6. 107 

<1900 

47 

36,2J2 

9.36 

Authority 

53 

168,169 
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ERBIUM COMPOUNDS 

Arsenide« 

Structure 

Lattice Type 

a0, A 

Magnetic Susceptibility 
10"6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

Be ry Hides 

a0# A 

Bismuthides 

Structure 

Lattice Type 

Magnetic Susceptibility; 
10"6 emu/mole 

Er As 

Cubic 

NaCl 

5.745 

37,453 

9. 34 

Authority 

169 

ErBe13 

10.215 

ErBi 

Cubic 

NaCl 

6.202 

35,714 

179 

169 

Magnetic Moment, 
Bohr magnetons 

9. 32 
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Boride* 

ErB2 ErB4 ErB¿ ErB12 

Molecular Weight 188.91 210.48 232.12 297.04 

Structure Hexago- Tetrago- Cubic Cubic 
nal nal 

a0> A 3-28 7.071 4.110 7.484 

co» A 3.79 3.9972 

Density, g/cm3 — 7. ¿61 5.58 4.706 

Coefficient of 
Thermal Expan¬ 
sion, 10"6/c 

Work Function, ev 

Emissivity 
(X = 0. 655 n) 

Color 

Effective Metallic 
Radius, A 

Carbides 

Molecular Weight 

Structure 

Lattice Type 

Co' A 

Density, g/cm^ 

Magnetic Susceptibility 
10"° emu/mole 

Magnetic Moment, 
Bohr magnetons 

Curie Temperature, K 

3.37 

0.7 

Gray Blue 
brown 

2.18 

ErC2 ErzC3 Er3C 

191.2 370.4 513.6 

Body- — Cubic 
centered 
tetragona1 

CaC2 Y2C3 Fe4N 

3.620 — 5.034 

6.094 

7.954 — 4.708 

~ 33,300 

8. 

14.7 

Authority 

153,155, 
171 

153 



2B6 ERBIUM COMPOUNDS 

Germanidea 

Lattice Type 

c0, A 

Volume of Unit Cell, 

Er2Ge3 

Defective AIB^ 

3. 89 

4.09 

53.60 

Halides 

Structure 

•o' A 

b0. A 
co* A 

ß. deg 

Density, g/cm3 

Heat of Formation, 
Kcal/mole 

Entropy of Formation, 
eu/mole 

Melting Point, C 

Heat of Fusion, 
kcal/mole 

Bolling Point, C 

Heat of Vaporization, 
kcal/mole 

Entropy of Fusion, 
eu/mole 

Entropy of Vaporization, 
eu/mole 

Heat Cajsaclty, 
cal/(noleXC) 

Volume of Unit Cell, A3 

ErBro ErCl3 ErF, Erl, 

Hexagonal Monoclmic Orthorhombic 

4.070 6.80 6.354 

11.79 6.846 

6.388 6.39 4,380 

110.7 

950 

10 

1460 

43 

25 

229.07 

(62) 

776 

7.8 

1600 

44 

7.4 

26 

32.0 

479 

7.814 

1140 

8 

2230 

60 

24 

ErOCl 

Tetragonal 

3.88 

6.58 

137 

Cl) 

1020 

10 

1280 

40 

26 

190.5 99.1 

Authority 

183 

93,108,158, 
182,186, 
209,210, 
235,236 

Color Pink 
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Hydrides 

Structure 

aOf A 

co> A 

Magnetic Susceptibility, 
10~6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

Nitride s 

ErH¿ ErH3 

Cubic Hexagonal 

5.123 3.621 

6.526 

36,200 34,900 

9-75 9.54 

ErN 

Molecular Weight 181.28 

Structure Cubic 

Lattice Type NaC1 

ao' A 4.831 

Density, g/cm3 i0<26 

Resistivity, microhm-cm 79 

Temperature Coefficient 1.3 
of Resistivity (80-800 K). 
10-3/c 

Magnetic Susceptibility, 36,300 
10"® emu/mole 

Magnetic Moment, 
Bohr magnetons 

Curie Temperature, K 5 

Authority 

165,265 

149,153, 
223 
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Oxides 

Er2°3 

Molecular Weight 328. 52 

Structure Bcc 

Authority 

156,172, 
173,177, 
266 

a0, A 10. 51 

Density, g/cm^ 8.640 

Heat of Formation, 226. 80 
kcal/mole 

Entropy of Formation, (35. 5) 
eu/mole 

Coefficient of Thermal 7. 3 
Expansion (20-1300 C), 
10-6/C 

Heat Capacity at 300 K, 25. 26 
cal/(mole HC) 

Magnetic Moment, 9. 6 
Bohr magnetons 

Color Pink 

Heat Content and Entropy Increments 
for Erbium Oxide (Smooth Values) 

ht^m. 15* h‘hn. 16* 
T. K cal/mole cal/( Mmole 

^^98.16. ST^98.16* 
T.K cal/mole cal/( Mmole 

400 2.710 7.80 

500 6.540 14.11 

600 8.470 19.45 

700 11,460 24.06 

800 14,490 28.11 
900 17.560 81.72 

1000 20,660 84.99 

1100 23,790 87.97 

1200 26,950 40.72 

1800 30,140 43.27 

1400 38,360 46.66 
1600 36,600 47.89 
1600 39,860 50.00 

1700 48,140 61.99 

1800 46,440 53.87 

1900 49,760 55,66 

2000 63,07 0 67.36 
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Phosphide ß 

Structure 

Lattice Type 

a0 > A 

Magnetic Susceptibility, 
10“6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

Selenides 

Structure 

Lattice Type - 

a0, A 

co> ^ 

Density, g/cm^ 

Melting Point, C 

Resistivity, microhm-cir 

Magnetic Susceptibility, 
10 "6 emu/mole 

Magnetic Monnsnt, 
Bohr magnetons 

Color 

Silicides 

Structure 

Cq/ A 

Volume of Unit Cell, A^ 

ErP 

Cubic 

NaCl 

5. 606 

37,523 

9. 32 

ErSe Er ¿Se 3 Er20¿Se 

Cubic Fcc Hep 

Na Cl NaCl 

5.662 5.71 3.81 

7.68 

6. 59 8. 68 

(1800) 1520 

170 7.9 X 
106 

35,635 38,600 — 

9.56 9.63 

Yellow Pink 
brown 

* * 

Er Big 

Hexagonal 

3.78 

4.09 

51.1 

Authority 

169 

166,169, 
192,194, 
213 

263,264 
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Sulfides 

Molecular Weight 

Structure 

a0, A 

b0> A 

co> A 

/3, deg 

Density, g/cm 3 

Melting Point, C 

Magnetic Suscepti¬ 
bility, lO"6 emu/ 
mole 

Magnetic Moment, 
Bohr magnetons 

Color 

ErS ErS118 Er5S7 ¿-Er¿S3 Er2OzS 

199.27 204.8 1060.80 430.74 398.61 

Cubic Cubic Mono- Mono- Hexagc- 
clinic clinic nal 

5.424 5.452 12.63 

3.77 

11.47 

74 

6.75 6.39 

1620 

35,088 

9.50 

10.07 3.760 

4.00 

17.33 6.552 

6.07 7.92 

1730 

38,600 

Bright 
ochre 

Tellurides 

Structure 

Lattice Type 

ao > A 

Resistivity, microhm-cm 

Magnetic Susceptibility, 
10"b emu/mole 

Magnetic Moment, 
Bohr magnetons 

ErTe ErgTea Er3X04 

Fcc 

Na Cl 

6.021 

140 1. 1 X 103 280 

34965 

9.30 9.63 

Authority 

153,169 

168,169, 
194,229, 
232 



Prop«rt¡«> 291 

Miscellaneous 

Compound 

Er Ga 3 

ErRu2 

Authority 

150,267 

Lattice Curie Temperature, 
Structure Type a0, A c0, A K 

AuCuj 4.206 

Hexagonal -- 5.227 8.780 13 
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THULIUM 

Symbol Tm 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Atomic Number 6y 

0. 2- 1.0 ppm 

9.318 g/cm^ 

1545 C 

4. 2 kcal/mole 

1727 C 

Heat of Vaporization (25 C) 59 kcal/mole 

Vapor Pressure Log Hg = ¿.2552fl0l) _ , 

6. 45 cal/(mole)(C) 

225. 7 kcal/g-atom 

11.6 X 10"6/C 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal Expansion 
(20-923 C) 

Thermal Conductivity 

Heat of Sublimation 

Cohesive Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

Surface Tension 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Density 

Atomic Weight 168.94 

Authority 

51 

67 

66 

61 

57 

57 

135 

137 

136 

61 

58 kcal/mole 

200 K 

Hep 

a0 = 3. 5375 A 
c0 = 5. 5546 A 

9. 318 g/cm^ 

89 

97 

61 

61 

67 
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Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Ionic Radius (Trivalent Ion) 

Closest Approach of Atoms 

Allotropie Modify-dons 

CHEMICAL PROPERTIES 

Stable Oxidation State 

Electrode Potential 

Ionization Potential 

Metallographie Polishing 
and Etching 

Corrosion Rates (In Air) 

Corrosion Data 

ELECTRICAL PROPERTIES 

Resistivity (25 C) 

Temperature Coefficient 
of Resistivity 

1.746 A 

18. 151 cm^/mole 

0. 869 A 

3. 446 A 

+ 3 

[Tm = Tm+3 + 3e‘) + 2. 1 volts 
(standard hydrogen electrode) 

<1 mil/year up to 200 C 

79 microhm-cm 

1. 95 X 10-3/C 

Authority 

67 

66 

55 

56 

81 

81 

109 

61 

61 
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Resistivity Versus Temperature 

(Petminion of the Ametlcsn 
Phyiical Society) 

Authority 

117 

131 

(Perminion of the Elievier Publiihing Co.) 



thulium 

296 Authority 

131 

Magnetore sistivity 

96 

R ' • ‘.-r ---- —> 

maghktic propwî'» 

Susceptibility (25 C) 

Effective Magit«tic 
Moment 

Curie Temperature 

Niel Temperature 

26,200 * IO"6 emu/mole 

Theoretical 
Measured 

7. 6 Bohr magnetons 
7.62 Bohr magnetons 

22 K 

60 K 

61 

61 

138 

138 
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MECHANICAL PROPERTIES 

Young'» Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 78. 1 x IO* psi 
Strength 

2. 6 X 10"6 cm2/kg 

48 

Impact Strength (Izod) 

Workability 

General Fabrication (See references) 

NUCLEAR PROPERTIES 

Isotopes 

Whole- 
Number 

Mass 

166 
167 
168 
169 
170 
171 

Thermal Neutron 
Cross Section 

Relative 
Abundance, 

percent 
Half Decay 
Life Modç 

7. 7 hr K,X,7,0*,e 
9 days K,X,y,ßr 
100 days K,X,e* 
Stable 
127 days ß 
2 yr ß~ 

118 A 6 barns/atom or 
0. 42 cm^/g 

SAFETY 

Authority 

64 

57 

61 

70,113 

58,139 

73 

Details unknown. 83 
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THULIUM COMPOUNDS 

THERMODYNAMIC PROPERTIES 
Authority 

Entropy 

Heat Capacity 

Room Temperature Melting Point 

S298 = l7,1 

cp298 = 6 45 

S1900 = 3(J-62 eu 

cpl900 = 8- 83 cal^ 
(mole)(C) 

76,77 

Heat Content and Entropy of Solid and Liquid Thulium 

HT-H298.15* 
T, K cal/mole 

400 660 

500 1.330 

600 2.010 

700 2,710 

800 3,420 

900 4.150 

1000 4,890 
1100 6.650 

1200 6,420 

1300 7,210 

(Baie: cryitali at 

ST-S298.15- 
cal/(KXmole) 

1.91 
3.40 

4.66 

5.72 

6.67 

7.53 

8.31 
9.03 
9.71 

10.34 

)8.15 K) 

Ht-»298.15* 
T, K cal/mole 

1400 8,010 

1500 8.830 

1600 9,660 

1700 10,510 

1800 11,370 

1900(1) 12.250 

1900(1) 16.650 
2000 17,450 

2200 19,050 
2400 20,650 

St-5298.15* 
cal/(KXmole) 

10.93 

11.50 

12. OS 

12.55 

13.04 

13.52 

15.83 
16.24 

17.01 
17.71 

For lohd thulium: 

Ht-H298.15b 6-00T+ °-’76x 10 t2 ' 1,856 
(0.1 percent; 298 - 1900 K); 

Cp - 6.00+ 1.60 X 10'3T; 

Hl900(fu,lon) = 4*400' 
For liquid thulium: 

Ht-H298.16 = 8-00 T+ ^400 
(0.1 percent; 1900 - 2400 K); 

Cp- 8.00. 

THULIUM COMPOUNDS 

Antimonides 

Structure 

Lattice Type 

a , A 
o’ 

Magnetic Susceptibility, 
' l10”8 emu/mole 

TmSb 

Cubic 

NaCl 

6.091 

26,667 

77 

169 

8. 14 Effective Magnetic 
Moment, Bohr magnetons 
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Arsenidea 

TmAa 

Structure Cubic 

Lattice Type Naci 

ao. A 5 721 

Magnetic Susceptibility, 24, 390 
10"° emu/mole 

Effective Magnetic 7. 77 
Moment, Bohr 
magnetons 

Beryllides 

ao» A 

Bismuthidea 
r 

TmBe j j 

10. 192 

Structure 

Lattice Type 

ao. A 

Magnetic Susceptibility, 
10"® emu/mole 

Effective Magnetic 
Moment, Bohr 
magnetons 

Borides 

Molecular Weight 

Structure 

ao* A 
Co» A 

TmBi 

Cubic 

NaCl 

6. 192 

25,000 

7.63 

TmB4 TmB6 

212.22 233.86 

T etragonal Cubic 

7.06 4.11 
3.99 

TmB12 

299. 24 

Cubic 

7.476 

Authority 

169 

179 

169 

153,171 

(Continued) 
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THULIUM COMPOUNDS 

Authority 

Borides (Continued) 

Density, g/cm^ 

Work Function, ev 

Color 

Effective Metallic 
Radius, A 

Carbides 

Molecular Weight 

Structure 

» 

Lattice Type 

a0, A 
c0, A 
Density, g/cm^ 

Germanides 

Lattice Type 

ao» A 
co, A 

Volume of Unit Cell, A^ 

Halides 

TmB/ 

7.09 

TmB¿ 

5. 59 

3. 34 

Gray brown Blue 

2.19 

TmC: Tm2C3 

192.94 374.8 

Body-centered 
tetragonal 

CaC2 Y2C3 

3. 600 
6. 047 

8.175 

Tm2Ge3 

Defective A1B2 

3. 88 
4. 07 

53.06 

TmBr3 TmCl3 TmFj 

TmBl 2 

4. 756 

Tm3C 

520.2 

Cubic 

Fe4N 

5. 016 

9.901 

Structure Hexag- Monoclinic 
onal 

Ortho- Hexag- 
rhonbic onal 

153 

183 

93,108,158,209, 
210,222,235,236 

Lattice Type 

A 4.042 
“O' 

^o» A 

co» A 
ß, <*eg 

6. 3j? 

6. 75 
11.73 
6. 39 

110. 6 

6. 283 
6.811 
4.408 

6. 763 

6.927 

Tmlj TmOI 

Hexag- Tetrag¬ 
onal onal 

PbFCl 

4. 288 3. 887 

6.934 9.166 

(Continued) 
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Halides (Continued) 

TmBrj TmCl3 TmF3 

Density, 
g/cm3 

Melting 
Point, C 

955 821 

1490 

44 

Transition 
Temperature, C 

Heat of Fusion, 10 
kcal/mole 

Boiling Point, 1440 
C (est. ) 

Heat of 43 
Vaporisation, 
kcal/mole 

Entropy of 8 
Fusion, eu/mole 

Entropy of 25 25 
Vaporization, 
eu/mole 

Color 

Volume of -- 474 
Unit Cell, A3 

Hydrides 

Structure 

ao* ^ 

co* ^ 

Magnetic Susceptibility, 
10“^ emu/mole 

Effective Magnetic 
Moment, Bohr magnetons 

7.971 8.220 

1158 

Tml3 TmOI 

1015 

1043 Ortho. 
- Hex. 

8 

2230 

60 

10 

1260 

40 

24 

White 

188.6 274.4 

26 

TmH2 

Cubic 

5. 090 

21,870 

7. 60 

TmH3 

Hexagonal 

3. 599 
6.489 

21,140 

7.47 

Authority 

165,265 
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THULIUM COMPOUNDS 

Nitride» 

Molecular Weight 

TmN 

182. 95 

Structure Cubic 

Lattice Type 

ao> A 

Density, g/cm^ 

Magnetic Susceptibility, 
10"6 emu/mole 

NaCl 

4. 809 

10. 84 

23,600 

Magnetic Moment, 
Bohr magnetons 

Curie Temperature, K 

Oxides 

Molecular Weight 

Tm2Q3 

385.87 

Structure Bcc 

ao> A 
10. 52 

Density, g/cm^ 8.6 

Heat of Formation, 
kcal/mole 

225.7 

Entropy of Formation, 
eu/mole 

Heat Capacity, 27.43 (300 K) 
cal/(K)(mole) 32. 0 (1700 K) 

Coefficient of Thermal 7. 7 
Expansion (20-1300 C), 

io-6/c 

Color Light green 

Authority 

153 

172,173, 
177,251, 
259,266 

Effective Magnetic 
Moment, Bohr magnetons 

7.6 

(Continued) 
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Oxides (Continued) 

Authority 

hT-h298. 15* 
T, K cil/mole 

^^298.15- 
cal/(KXmole) 

400 2,890 

500 5,840 
600 8,860 

700 11,930 

800 15,040 

900 18,170 

1000 21,310 

1100 24,460 

1200 27,630 
1300 30,180 

8.32 

14.90 

20.41 

25.14 

29.29 

32.97 

36.28 
39.28 

42.04 

44.58 

Phosphides 

Structure 

Lattice Type 

ao> A 

TmP 

Cubic 

NaCl 

5. 573 

Magnetic Susceptibility, 25,316 
10-b emu/mole 

Effective Magnetic 7. 93 
Moment, Bohr magnetons 

Selenides 

Structure 

TmSe 

Cubic 

Lattice Type NaCl 

ao> A 5. 640 

Magnetic Susceptibility, 18,180 
10”6 emu/mole 

hT-h29B. 15* 
T, K cal/mole 

ST ^98.15* 
cal/(KXmole) 

1400 34,003 46.95 

1500 37,200 49.15 

1600 40,400 51.22 

1680 42,960 (q) 52.73 (a) 
1680 43,270 (/¾ 52.96 (/¾ 
1700 43,910 53.34 

1800 47,110 56.17 
1900 50,310 56.90 

2000 £3,510 58.54 

169 

169 

Effective Magnetic 6. 89 
Moment, Bohr magnetons 



304 THULIUM COMPOUNDS 

i 

Silicide a 

Structure 

Volume of Unit Cell, 

Sulfides 

Molecular Weight 

Structure 

Lattice Type 

ao> A- 

co> A 

Density, g/cm^ 

Magnetic Susceptibility, 
10”6 emu/mole 

Effective Magnetic 
Moment, Bohr magnetons 

Tellurides 

TmSÍ2 

Hexagonal 

3. 76 
4. 07 

50. 52 

TmS Tm202S 

401.95 

Fee Hexagonal 

NaCl 

5.412 3.747 
6. 538 

8. 59 

21,505 — 

7.42 

TmTe 

Magnetic Susceptibility, 25,641 
10“^ emu/mole 

Effective Magnetic 7. 63 
Moment, Bohr magnetons 

Miscellaneous 

Compound Lattice Type a0, A 

Authority 

263,264 

169,153 

169 

267 

HI Wi álHHIf ééiMHU ÜHiUllil'-iliSIlti't i Itdlii 

TmGa3 AaCu3 4. 188 
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YTTERBIUM 

Symbol Yb 
Atomic Number TO 

Atomic Weight 113. 04 

Authority 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization (25 C) 

Vapor Pressure 
(623-931 K) 

Specific Heat (25 C) 

Heat of Combustion (25 C) 

Coefficient of Linear 
Thermal Expansion 

2.7-8.0 (approx. 2. 7) 

6. 959 g/cm3 

824 C 

1.8 kcal/mole 

1427 C 

38 kcal/mole 

769 
L°g Pmm Hg = 8- 295 " T 

(6. 0) cal/ (mole)(C) 

216. 8 kcal/g-atom 

25.0 X 10-6/C (25-700 C) 

51 

67 

66 

61 

57 

57 

60 

53 

57 

61 

90 



306 YTTERBIUM 

Thermal Conductivity 

Heat of Sublimation 

Cohesive Energy 40 kcal/mole 

Work Function 

Debye Temperature 118 K 

Expansion on Melting 

Surface Tension 

CRYSTAL PROPERTIES 

Structure 

Lattice Constants 

Dens ity 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Ionic Radius 

Closest Approach of Atoms 

FCC 

a0 = 5. 4862 

6.959 

1. 940 

24.80 

798 C 

BCC 

a0 = 4. 45 A 

6. 52 g/cm^ 

1. 98 A 

26. 5 cm^/mole 

0. 425 kcal/mole 

(+2) 1. 06 A, (+3) 0. 858 A 

3. 866 A 

Authority 

89 

97 

61 

61 

67 

67 

66 

66 

61 

55,93 

56 

Allotropie Modifications 



Propartits 
307 

Atomic Volume Versus Temperature 
(Permission of Elsevier Publishing Co.) 

Authority 

87 

CHEMICAL PROPERTIES 

Stable Oxidation State +2, +3 

Electrode Potential [yb = Yb+3 + 3e-] + 2. 1 volts 

(standard hydrogen electrode) 

Ionization Potential 1st = 7. 1 volts 

Metallographie Polishing 
and Etching 

Corrosion Rates <1 mil/year up to 200 C 
(In Air) 

Corrosion Data 

ELECTRICAL PROPERTIES 

Resistivity (25 C) 27. 0 microhm-cm 

Temperature Coefficient 1. 30 x 10-3/C 
of Resistivity (25 C) 

81 

81 

82 

109 

61 

61 



308 
YTTERBIUM 

Resistivity Versus Temperature 

Authority 

116 

Resistance Versus Temperature 
(Reprinted from Inorganic Chetnimy) 141 
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I 

Resistance Versus Pressure 
(Reprinred from Inorganic Chemiitry) 

Authority 

141 

Partial Pressure-Temperature Phase Diagram 141 
(Reprinted from Inorganic Chemiitry) 



310 
YTTERBIUM 

Authority 

MAGNETIC PROPERTIES 

Susc3ptibility (25 C) 

Effective Magnetic 
Moment 

Curie Temperature 

Néel Temperature 

MECHANICAL PROPERTIES 

Young's Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 
Strength 

Impact Strength (Izod) 

Workability 

71 X 10" 6 emu/mole 

Theoretical 4. 5 Bohr magnetons 
Measured 0. 41 Bohr magnetons 

None 

Noie 

1. 78 X 1011 dynes/cm2 

0. 70 X IQll dynes/cm2 

0. 284 

7. 12 X 10-6 cm2/kg 

21 (not annealed) 

70 F 400 F 

10.4 10.2 103 psi 

9. 5 7. 8 103 psi 

6 10.8 percent 

5. 3 ft-lb 

61 

61 

61 

61 

57 

57 

61 

57 

57 

88 

88 

88 

71 

General Fabrication (See references) 70, 113 



Prop«rti«s 

NUCLEAR PROPERTIES 

Isotapes 

Whole- Relative 
Number Abundance, Half 

Mass percent Life 

168 0. 140 Stable 
169 -- 33 days 
170 3.03 Stable 

Decay 
Mode 

K, X,y 

171 14. 31 Stable 
172 21.82 Stable 
173 16. 13 Stable 
174 31.82 Stable 

175 
176 12.73 
177 

Thermal Neutron 
Cross Section 

99 hr X, 7, ß 
Stable 
2. 1 hr ß~ 

36 A 4 barns/atom 
or 125 cm2/g 

SAFETY 

Details unknown. 

311 

Authority 

58, 116, 
140 

73 

83 

THERMODYNAMIC PROPERTIES 

Room Temperature Melting Point 

Entropy S298 ^ 15. 0 s1097 = 23- eu 

Cp298 “ 6- 00 Heat Capacity pl097 “ 58 cal/{mole)(C) 



YTTERBIUM 312 

Specific Heat 

Cp. 
mj/tmoleXKj JLJi 

Run I 

0.4275 1.418 0.3697 
0.4428 1.451 0.3864 

0.4651 1.510 0.4051 

0.4959 1.603 0.4268 
0.5355 1.734 0.4514 

0.5823 1.907 0.4781 

0.6350 2.;23 0.5058 

0.6915 2.3^6 0.5360 

0.7494 2.654 0.5688 

0.8090 2.9f0 0.6043 

0.8727 3.311 0.6422 

0.9403 3.711 C. 6811 

1.0109 4.170 0.7217 

1.0848 4.665 0.7652 

1.1615 5.236 0.8123 

1.2422 5.877 0.8645 

1.3283 6.629 0.9226 

1.4200 ..468 0.9850 

1.5201 8.542 1.0618 

1.6343 9.871 1.1238 
1.7626 11.586 1.2044 
1.2097 13.724 1.2924 

2.0682 16.407 1.3909 

2.2351 19.622 1.4957 

2.4120 23.460 1.6309 
2.6012 28.000 1.7562 

2.7992 34.028 1.9045 

3.0023 40.886 2.0815 

3.2097 48.643 2.2782 

3.4197 57.253 2.4883 
3.634Í 67.595 2.7076 

3.8576 78.375 2.9215 
3.1315 
3.3404 

3.5487 
3.7656 
3.9959 

Authority 

rr.j/tmoUXKJ 

Run 11 

1.305 
1.341 

1.368 
1.412 

1.476 
1.554 

1.638 

1.74Ö 
1.860 

2.012 
2.171 

2.328 

2.528 
2.736 

2.977 

3.260 

3.607 
3.990 

4.431 
4.941 

5.563 

6.296 

7.188 

8.277 
9.827 

11.387 

13.635 

16.621 

20.498 
25.335 

31.218 ’ 

38.017 

45.610 

53.958 

63.249 
73.805 
86.267 
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Heat Content and Entropy of Solid and Liquid Ytterbium 
(Base: a -crystals at ?9«. 15 K) 

HT-H298.15. 
T» K cal/mole 

400 

500 

600 

700 

800 

900 

1000 
1071(a) 

1071(/3) 
1097(s) 

620 

1,250 

1,900 

2.570 

3,260 

3,970 

4,700 

5,230 

5.530 

5,730 

-51-5898.15. HT-H298.15. 
çajAKXmolej T. K cal/mole 

1.79 

3.19 
4.38 

5.41 

6.33 

7,17 

7.94 

8.45 

8.73 

8.92 

1097(1) 7.930 

1100 7,950 
1200 8.700 

1300 9.450 
1400 10,200 

1500 10,950 

1600 11,700 

1700 12,450 

1800 13,200 

For a-ytterbium: HT-H298.15 * 5.41T + 0-.99* 10-3x2 - 1,701 

(0.1 percent; 298-1,071 K); 

Cp * 5.41 + 1.98 X 10-3T¡ 

AHioTifaansítíon) = 300. 

For ß- ytterbium; hT*h298. 15 = 7. 70T - 2. 717 
(0.1 percent; 1071-1097 K); 

% * 7.70. 

1097(fu*ion) *= 2.200. 

For liquid ytterbium: Ht-H298. 15 * 7.50T - 300 

(0.1 percent; 1097-1800 K); 
Cp « 7.50. 

Authority 

77 

sT-S298.15. 
c»l/(KXmolc) 

10.92 

10.94 

11.59 

12.19 

12.75 
13.27 

13.75 

14.20 
14.64 

YTTERBIUM COMPOUNDS 

Antimonides 169 

YbSb 

Structure Cubic 

Lattice Type NaCl 

»01 A 6.079 

Magnetic Susceptibility, 5, 450 
10~° emu/mole 

Effective Magnetic 
Moment, Bohr Magnetons 

3. 74 



314 
YTTERBIUM COMPOUNDS 

Arsenides 

Structure 

Lattice Type 

ao> ^ 

Magnetic Susceptibility, 
10~6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

Beryllides 

ao> A 

YbAs 

Cubic 

NaCl 

5. 702 

7,825 

4. 61 

YbBen 

10. 19 

Authority 

169 

179 

Bxamuthides 



Prop«rti«s 
315 

Borides 

YbB3 YbB4 YbBf, YbBi2 

Molecular Weight 

Structure 

a0» ^ 

c o> A 

Density, g/cm^ 

Resistivity, 
microhm-cm 

Temperature Coef¬ 
ficient of Resis¬ 
tivity, 10"3/C 

Coefficient of 
Thermal Expansion, 

io-6/c 

Thermal Conduc¬ 
tivity, cal/ 
(cm)(sec)(C) 

Magnetic Suscep¬ 
tibility, 
10" 6 emu/mole 

Magnetic Moment, 
Bohr magnetons 

Work Function, ev 

Microhardness, 
kg/mm^ 

Color 

Emissivity 
(X = 0. 655m) 

Effective Metallic 
Radius, A 

205. 50 216. 32 

Tetragonal Tetragonal 

3. 77 

3. 562 

6. 74 

7. 01 

4. 00 

7. 31 

237 96 

Cubic 

4. 144 

5. 556 

36. 5 

2. 34 

5.85 

0. 60 

8, 740 

4. 58 

3. 13 

3080 

JäJLack 

0. 7 

2. 20 

Cubic 

7. 476 

Authority 

153,155, 
171 
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YTTERBIUM compounds 

Carbides 

Molecular Weight 

Structure 

YbC2 _ *b3c 

197.04 531.12 

Body-centered Cubic 

tetragonal 

Lattice Type 

aol A 

co» ^ 

Density, g/cm3 

Magnetic Susceptibility, 

10“ b emu/mole 

Effective Magnetic 
Moment, 

. Bohr magnetons 

CaC2 

2. 673 

6. 109 

8.097 

~2,500 

3.69 

Fe4N 

4. 993 

10.26 

Germanides 

Structure 

Yb2Ge3 

Defective A1B2 

Cq» ^ 

Volume of Unit 
Cell, A3 

3.96 

4. 18 

56.77 

Authority 

153 

183 



Prop«rt¡«s 317 

Authority 

Halides 

Structure 

YbBrj 

Uttice Type 

ho. A 

^0* A ” ** 

ß. deg 

Denilty, g/cm3 

He*t of Futmetion, 

kcal/mole 

Entropy of Forma¬ 

tion, eu/mole 

Melang Point, C 677 

Heat of Fusion, 6 

krai /mole 

Boiling Point, C 1830 

Heat of Vapor!- 48 

zation, kcal/ 

mole 

Entropy of Fusion, 6 

eu/mole 

Entropy of Vapor! - 23 

zation, eu/mole 

YbClg Ybfg Ybl2 YbBr3 YbCl3 

Ortho- -- -- Hexa* Mono- 

rhombic r »nal clinic 

6.53 -- — 4.032 6.73 

6.68   11,65 

6.91 -- - 6.382 6.38 

. 110.4 

185.5 . (224) 

93,108, 
109,158 
186,209 
210,235 
236,250 
277 

YbF3 _YM3 YbOl 

Ortho- Hexagonal Tetragonal 

rhombic 

PbFCl 

6.216 4.285 3.870 

6.786 

4.434 6.931 9. 181 

8.168 

(39) . (62) 

727 1377 527 940 854 1157 1027 

6 5 5 10 9 8 10 

1930 2380 1330 Decom¬ 

poses 

Decom¬ 

poses 

2230 

55.7 75 37 60 

Decom¬ 

poses 

6 3 6 8 8 5 8 

23,4 28 23 Decom- Decom- 24 Decom * 

poses poses poses 

Color White 



m 
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Oxides 

YbO Yb¿03 

Molecular Weight -- 394, 08 

Structure -- bcc 

ao, A .. 10 41 

Density, g/cm3 -- 9,2 

Heat of Formation, 158 216. 84 
kcal/mole 

Authority 

156,172, 
153,176, 
177,259, 
266,271 

Entropy of Formation, -- (34. 5) 
eu/mole 

Melting Point, C -- 2350 

Heat Capacity at -- 27.64 
300 K, cal/(K)(mole) 

Coefficient of Thermal -- 7. 5 
Expansion (20-1100 C), 
10-6/C 

Effective Magnetic -- 4. 5 
Moment, Bohr 
magnetons 

Color -- White 

Heat Content and Entropy Increments for Ytterbium Ox.de (YboO^l 
(Smooth values) ¿ 

«T-»298.15. ?T-S298.15. 
f. K cal/mole cal/(KXmolcl 

400 2,910 

500 5,890 

600 8.950 
700 12. W0 

800 15,200 

000 18,350 

1000 21,500 

1100 24,650 

1200 27,800 

1300 30,950 

8.38 

15.03 
20.61 

25.40 

29. 59 

33.30 
36.62 

39.62 

42.36 

44.88 

Hr-»298.15. 
T, K cal/mole 

St-6298. 15. 
c*l/( Ky mole) 

1365 33.000(a) 46.42(a) 

1365 33.150(0) 46.53(0, 
1400 34,280 47.35 

1500 37.500 49.57 
1600 40,720 51.65 

1700 43,940 53.60 

1800 47,160 56.44 

1900 50,380 57.18 
2000 53,600 58.83 

,1*111.1 mw*** 



320 YTTERBIUM COMPOUNDS 

Phosphides 

Structure 

Lattice Type 

ao» A 

YbP 

Cubic 

NaCl 

5. 554 

Magnetic Susceptibility, 7813 
10"^ emu/mole 

Magnetic Moment, 
Bohr magnetons 

4. 5 

Selenides 

YbzSes 

Structure 

Lattice Type 

ao> A 

-o» 

Density, g/cm^ 

Melting Point, C 

Resistivity, 
mici ohm-cm 

Magnetic Susceptibility, 
10~^ emu/mole 

Magnetic Moment, 
Bohr magnetons 

Color 

YbSe _ 

Fee Fee 

NaCl NaCl 

5. 94 5. 66 

-- 7.33 

1945 >1665 

lx 1C8 

— 7,890 

0. 84 4. 75 

Authority 

169 

192,194, 
213,228, 
232,268, 
278 

Yb4Sc3 Yb202Se 

Hep 

3. 76 

6. 69 

9.26 

6. 6 X 105 

y 

Violet black 

/' 

Beige 
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Silicides 

Structure 

ao» A 

co» 

Volume of Unit Cell, 

Sulfides 

YbSi2 

Hexagonal 

3. 77 

4. 10 

50. 5 

Molecular Weight 

Structure 

ao» A 

b0, A 
/ 

co> ^ 

Density, g/cm^ 

Magnetic Suscep¬ 
tibility, 10" 6 emu/ 
mole 

Color 

Te.’lurides 

YbS Yb3s4 

205.10 647.36 

Cubic Orthorhombic 

5.673 12.81 

12.97 

3.84 

6.75 6.71 

1,450 4,740 

Yb2S3 

442.28 

Hexagonal 

6. 704 

18. 29 

6. 04 

7, 130 

Yellow 

Structure 

Lattice Type 

ao* ^ 

Melting Point, C 

Resistivity, 
microhm-cm 

YbTe YbzTes 

Fee 

NaCl 

6. 39 

1740 

7 X 109 lx 107 

Authority 

264 

153 

Yb2Q2S 

410. 15 

Hexagonal 

3. 723 

6. 503 

8. 72 

168,228, 
232 



Properties ,n3 

LUTETIUM 

Symbol Lu Atomic Number 71 Atomic Weight ¿74. 99 

PHYSICAL PROPERTIES 

Abundance 

Density 

Melting Point 

Heat of Fusion 

Boiling Point 

Heat of Vaporization (25 C) 

Vapor Pressure 
(1651-1932 K) 

Specific Heat (25 C) 

Heat of Combustion 

Coefficient of Linear 
Thermal. Expansion 
(20-956 C) 

Thermal Conductivity 

Heat of Sublimation 

Cohesive Energy 

Work Function 

Debye Temperature 

Expansion on Melting 

0. 8-1. 7 ppm (approx. 0. 8) 

9. 849 g/cm3 (20 C) 

1652 C 

4. 5 kcal/mole 

3327 C 

90 kcal/mole 

^epmm Hg 3 9. 247 - ~~~ 

(6.45) cal/(mole)(C) 

221. 0 keal/g-atom 

12. 5 X 10-6/C 

94 kcal/mole 

210 K 

Authority 

51 

67 

66 

61 

57 

57 

60 

53 

142 

61 

89 

97 

Surface Tension 



324 LUTETIUM 

CRYSTAL PROPERTIES 

Structure 

Lattice 
Constants 

Density 

Metallic Radius 

Atomic Volume 

Transition Temperature 

Heat of Transition 

Hep 

aQ a 3. 5031 A 
co a 5. 5509 A 

9. 849 g/cm3 

1. 734 A 

17. 779 cm3/mole 

Ionic Radius 0. 848 A 
(Trivalent Ion) 

Closest Approadi of Atoms 3. 439 A 

Allotropie Modifications Resistivity measurements indicate 
a structural change at high temperature. 

CHEMICAL PROPERTIES 

Stable Oxidation State 43 

Electrode Potential [Lu a Lu+3 + 3e”] + 2. 1 volts 
(standard hydrogen electrode) 

Ionization Potential 

Metallographie Polishing 
v and Etching 

Corrosion Rates 

Corrosion Data 

ELECTRICAL PROPERTIES 

Resistivity (25 C) 79 microhm-cm (25 C) 

Temperature Coefficient 1. 4 x 10“3/C 
of Resistivity 

Authority 

61 

61 

67 

67 

66 

55 

56 

66 

81 

81 

61 

61 

1 
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'kit 

Resistivity Versus Temperature 

(Per mini on oí the 
American Physical society) 

Authority 

117, 87 

Values were 
taken dwing 
both heating 
and cooling. 

(Permuuoo oí the 
Elsevier Publidung Co.) 

MAGNETIC PROPERTIES 

Magnetic Susceptibility 
(25 C) 

Effective Magnetic Moment 

Curie Temperature 

Neel Temperature 

MECHANICAL PROPERTIES 

Young's Modulus 

Shear Modulus 

Poisson's Ratio 

Compressibility 

Hardness (DPH) 

✓ 

17. 9 X 10“^ emu/mole 

Theoretical 0. 00 Bohr magnetons 
Measured 0.21 Bohr magnetons 

None 

None 

2. 3 X 10"^ cm^/kg 

77 

61 

61 

M 

61 

64 

57 



324 LUTETIUM 

Tensile Strength 

Yield Strength 

Elongation 

Ultimate Compressive 144.8 10* psi 
Strength 

Impact Strength (Isod) 

Authority 

61 

Workability 

General Fabrication 

NUCLEAR PROPERTIES 

Isotope* 

Whole- 
Number 
Mass 

170 

171 

172 

175 

176 

177 

Thermal Neutron 

Cross Section 

SAPETY 

THERMODYNAMIC PROPERTIES 

Entropy 

Heai .apacity 

(See references) 

Relative 
Abundance, 

percent Half Life 

97.4 

2.6 

108 A 5 barns/atom 
or 0. 37 cm2/g 

Details unknown. 

Room Temperature 

®298 * **• ® 

Cp*98-6-45 

70, 113 

58, 133 

2. 15 days 

9 days 

100 days 

Stable 

2. 4 X 10»0 years 

6. 6 days 

Decay Mode 

K, 7, X, ft 

K, e-, y, X 

K, e~, y, X 

K, 7, ß”, X 

ß" 

73 

83 

76, 77 

Melting Point 

s2000 a 25* 77 eu 

-p2000 ■ 9. 00 cal/(mole)(C) 
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Heat Content and Entropy of Solid and 

Liquid Lutetium 
(Bate: cryttalt at 298.15 K) 

Authority 

77 

T, K 

400 

500 

600 

100 

800 

900 

1000 

1100 

1200 

1300 

^^296.16- 
cal/mole 

665 
1.330 

2.015 

2,110 
3,425 

4.150 
4,890 

5.650 

6.420 

1.210 

sT’S298.1S' 
cal/(KXmole) T- K 

1.91 
3.40 

4.65 

5.12 

6.61 

1.53 

8.31 
9.03 

9.11 
10.34 

u u ■ 6 00T + 0.15 X 10 
Eor solid lutetium: IVHjge. is • u l 

(0.1 percents 298-2000 K). 

C - 6.00+ 1.50 X IO'3 T; 

A&2. 000(fu,ion) * 4’ 60°- 

For :i,uid lutetium: 

H-i-H298. 151 
cal/mole 

8.010 

8.830 

9.660 

10,510 

11.310 

12.250 

13.140 

11.140 
18,640 

19,340 

-3 T2 - 1. 856 

ST"S298.15' 
cal/(KXnwlc 

10.93 
11.50 

12.03 

12.55 
13.04 

13.51 

13.91 
16.21 

16.96 

11.03 

■ 8. 00. 

Thermodynamic Functions 

T. K 

5 
10 

15 

20 

30 

40 

50 

60 

10 
80 

90 
100 

120 

140 
160 
180 
200 

220 

240 
260 

213. 

280 

298. 
300 

320 

340 

Cp* 
j/^-atcm^ 

0.10 

0.49 

1.61 
3.66 

8.41 

12.11 
16.84 

18.10 
19.14 

20.98 
21.93 

22. 59 
23.64 
24.40 

24.91 
25.42 

25.18 
26.03 

26.25 
25.50 

26.63 

26.69 

26.85 

26.88 
21.04 

21.11 

15 

15 

S\ 
i/<B-»tom^a 

0.063 

0.225 

0.601 

1.346 

3.146 

6.193 
9.913 

13.012 
15.993 

18.112 
21.241 

23.581 

21.802 
31.506 

34.802 
31.169 

40.451 
42.936 

45.210 
41.322 

48.633 

49.293 

50.916 

51.141 

52.881 
54.523 

t/ia-.tomXK) 

0.036 

0.145 
0.425 

0.911 
2.613 

4.611 
6.613 

8.309 
9.866 

11.119 

12.323 
13.318 
14.954 
16.252 

11.301 

18.184 

18.926 

19.561 
20.109 

20.591 

20.319 

21.020 
21.369 

21.404 

21.151 
22.066 

( -F*-Hq) 
T ' 

i/(g-atomXn 

0.021 
0.080 

0.182 

0.369 

1.013 

2.116 
3.360 

4.123 

6.121 
I. 533 

8.918 

10.269 
12.848 
15.254 

II. 496 
19.585 

21.531 
23.315 

25.101 

26.131 
21.154 

28.213 

29.606 

29.131 
31.130 
52.451 
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LUTETIUM COMPOUNDS 

Antimonides 

Structure 

Lattice Type 

ao> A 

Arsenides 

Beryllides 

ao' A 

Bismuthides 

Borides 

Molecular weight 

Structure 

ao> A 

co> A 

Density, g/cm^ 

Work Function, ev 

Color 

Emissivity (X * 0. 655fl) 

Effective Metallic 
Radius, A 

LuSb 

Cubic 

NaCl 

6.0555 

LuBe 13 

10. 177 

LuB- 

196.63 

Hexagonal 

3.246 

3. 704 

9. 76 

LUB4 

218. 27 

Tetragonal 

6. 997 

3.938 

7. 52 

LuB L 
239.91 

Cubic 

4. 11 

5. 74 

3. 0 

Blue 

0. 7 

2. 19 

Authority 

275 

179 

153, 171 

LuB 12 

304.83 

Cubic 

7.464 

4. 868 

il'lii fil» lüllill, ¡Í 11:1 IMMM! MWMKjJj Jl1!] IéHÍUI 



Prop«rti«s 

Carbides 

Molecular Weight 

Structure 

Lattice Type 

Density, g/cm^ 

Germanides 

Lattice Type 

ao> 

co> A. 

Volume of Unit 
Cell, A3 

L-U3C 

536.97 

Cubic 

Fe4N 

4. 965 

10. 54 

Lu^Gej 

Defective AIB2 

LuC¿ 

198.99 

Body-centered 
tetragonal 

CaC2 

3.563 

5.964 

8. 728 

3.83 

4. 05 

329 

Authority 

153 

183 

51.45 
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Authority 

Halides 

Structure 

ao> A 

b0> A 

co> A 

Density, g/cm^ 

Melting Point, C 

Heat of Fusion, 
kcal/mole 

LuBr^ 

Hexagonal 

4. 015 

6. 371 

957 

10 

93, 108, 158, 
165,209,210, 
235,236 

LuCl3 LuF 3_Lula 

Monoclinic Orthorhombic Hexagonal 

6. 72 6.151 4.271 

11.60 6.758 

6. 39 4. 467 6. 930 

8.332 

892 1182 1045 

9 8 11 

Entropy of Fusion, 8 

eu /mole 

Boiling Point, C 1410 

Heat of 42 
Vaporization, 
kcal/mole 

Entropy of 25 
Vaporization, 
eu/mole i 

Color 

8 

1430 

43 

25 

5 

2225 

60 

24 

White 

Volume of Unit -- 467 185.7 
Cell, A3 

Hydrides 

Structure 

LuH2 LuHa 

Cubic Hexagonal 

ao> A 5. 033 3.558 

8 

1210 

38 

25 

165 

co> A 6. 443 
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Nitride* 

Molecular Weight 

LuN 

189. 00 

Structure Cubic 

Lattice Type NaCl 

ao* A 4. 766 

Density, g/cm3 11.59 

Oxides 

Lu2°3 

Molecular Weight 397, 94 

Structure bcc 

ao* A 10. 38 

Heat of Formation, 224. 5 
kcal/mole metal 

Entropy of Formation, (35. 6) 
eu/mole 

Heat Capacity, 23. 40 
cal/(mole)(C) 

Coefficient of Thermal 7. 4 
Expansion (20-1300 C). 
10-6/C 

Effective Magnetic o. 0 
Moment, 
Bohr magnetons 

Authority 

153 

156, 172, 
173, 177, 
245 

(Continued) 
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Authority 

Oxides (Continued) 

Heat Content and Entropy Values for 
Lutetium Oxide (Smooth Values) 

T, K 
HT"H298.15' ST'S298.15- 

cal/mole cal/(K)(rciole) T, K 
HT’H298.15' ST"S298.15' 
_cal/mole cal/(KXmole) 

400 2.550 

500 5,260 

600 8.100 
700 11.020 

800 13.990 

900 17.000 

1000 20.040 

1100 23.110 

1200 26.210 

7.33 

13.38 
18.55 

23.05 

27.02 

30.56 

33.76 
36.69 

39.39 

1300 29,340 

1400 32,490 

1500 35.660 

1600 38,840 

1700 42.030 

1800 45.230 

1900 s 48,440 

2000 •* 51,660 

41.89 

44.23 

46.41 

48.46' 
50.40 ’ 

52.23 

53.97 
55.62 

Phosphides 

Selenides 
Lu^Se^ 

Structure Fee 

268 

ao> A 

Silicides 

Structure 

ao> A 

Volume of Unit 
Cell, A3 

Sulfides 

Molecular Weight 

Structure 

Density, g/cm3 

5.62 

LuSi¿ 

Hexagonal 

3. 74 

4. 04 

4V.2 

Lu^OgS 

414. 05 

Hexagonal 

3.709 

6. 486 

8. 89 

263, 264 

153 



Prop«rt¡*« 

Tellurides 

Miscellaneous 

Compound 

LUC&3 

LuRu¿ 

LuOs2 

333 

Authority 

150, 267 

Lattice Superconducting 
Structure Type a0, A c0, A Transition Temperature, K 

-- AuCuj 4. 169 

Hexagonal -- 5.204 8.725 

Hexagonal — 5.254 8.661 3.49 
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