
South Dakota School of Mines and Technology

Department of Materials and Metallurgical Engineering

MET 320
Final Exam
Dec. 15, 2005
SEE DATA SHEET AT END OF EXAM   - NO CALCULATORS – CLOSED BOOK AND NOTES

If a problem seems to be in error, state the trouble, state an assumed correction, and proceed.

1.
CaO-Al2O3-SiO2 (C-A-S) Ternary Phase Diagram  
Show all constructions on the diagram.

a) 
For the bulk composition marked “1”, what is the bulk composition’s
i)
Percent SiO2 = __________

ii)
Percent CaO = __________  

b) For the bulk composition marked “1”, what is the 1st crystal to appear upon cooling?

c) For the bulk composition marked “1”, what are the final 3 crystals? 

d) For the bulk composition marked “2”, what percent liquid is present at  2200 °C
2.
Ellingham Diagram 
Write your answers below and label construction lines on the attached Ellingham Diagram. 
a) 
The pressure of O2 in equilibrium with Ti and TiO2 at 1000 °C.

b) 
The H2/H2O ratio in equilibrium with Ti and TiO2 at 1200 °C.
c) 
The CO/CO2 ratio in equilibrium with Ti and TiO2 at 1200 °C.

e) Label a circle showing the general region of the most noble metals on the diagram.

f) Label a circle showing the general region of the most stable oxides on the diagram.

g) Draw an arrow on the diagram showing the direction of decreasing oxygen potential.

h) How would one convert the Go values to standard cell voltages E°?

i) Describe what you think would happen if Cr2O3, Cr, Ca, and CaO were placed together in a reactor at 1400 °C.
3.
JANAF Thermochemical Tables
Determine the
a) 
Heat required at constant pressure to raise two gram moles of pure, solid alpha Ti from 298 K to liquid Ti at 2000 K.
b)
The Ho reaction at 1500 K for 


2Mg(L) + TiCl4 (G) = 2MgCl2 (L) + Ti(S, Beta) 

c) 
What is Gat 1000 K for the reaction below.The activity of Mg relative to pure, liquid Mg is 0.2, the pressure of titanium tetrachloride is 0.1 atm, the magnesium chloride is pure liquid, and the Ti is pure solid alpha.

2Mg(L) + TiCl4 (G) = 2MgCl2 (L) + Ti(S, Alpha)  
G°1000 K = -77.0 Kcal/gfw
4.
Write the first four of Big 6 equations (exclude aqueous state) and describe the standard state for each.

5.
Find the adiabatic flame temperature for the combustion of CH4 with O​2 (g).  The O​2 and the CH4 start at 298°K.  Use the provided JANAF data.

CH4 (g)+ 2O2(g) = CO2 (g) + 2H2O(g)

6.
What voltage would be required to produce Mg(S) from MgCl2 (L) at 1000 K?  (Use JANAF Thermochemical Table for data.)

Mg(L) + Cl2 (L) = MgCl2 (L) 

7.
What would be the equilibrium pressure of SO3 gas in a system at 1000 K and total pressure of 6 atm if the system initially contained 2.3 moles of SO2 gas, no SO3 gas and 0.8 mole of O2 gas.  The predominant reaction is 



SO2 (G) + 0.5 O2 (G) = SO3 (G)    KEQ = 1.88
8. Show how to find the activity and the activity coefficient of Au in a liquid Au-Cu alloy at 1550 K that is 0.20 mole fraction Cu from the following data:
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9. 
One mole of ideal monatomic gas at 2 atm and 500 K undergoes a reversible, straight-line transition on a P-V plot to 10 atm and 1000 K.  Find the amount of heat exchanged with the surroundings and described the direction (if any) of the heat exchange.

10.
Three moles of ideal gas at 300 K and 1 atm are isochorically pressurized to 3 atm while exchanging heat with a heat sink at 1000 K. Find the final ∆S for the 

a) gas 

b) heat sink.

11. Complete the Fundamental Equations for a closed system

 
dU  = TdS - PdV


dH = 


dA =

 
dG = 
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E. F. Osborn and Armulf Muan, revised and redrawn ‘“Phase Equilibrium Diagrams of Oxide Systems,’” Plate 1, published by the
American Ceramic Society and the Edward Orton, Jr., Ceramic Foundation, 1960.
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9,680 87144 84,0837 923 = 18,636 = 10,066
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18,052 60,819 $0,922 10,887 = 21,696 7.247
18,842 62,424 51,814 12,732 = 21,0852 9,587
19,538 83,960 52,690 14,652 = 21,971 12.538
20,150 85,431 53,548 16,837 = 22,050 15,195
20,688 66,8480 Sa,387 18,879 = 22,104 17,8589
21.161 68,191 55,208 20,772 = 22,137 20,520
21,579 69,408 56,010 22,910 = 22,148 23,189
21,947 70,730 54,794 25,086 - 22,184 2%,854
22,273 71,926 57,559 27,298 - 22,127 26,522
22,562 73,076 58,306 29,3580 < 22,099 3,187
22,620 74,183 $9,036 31,809 = 22,065 33,851
23,080 75,250 S9,7a9 34,103 = 22,026 36,311
23,2%6 78,279 60,4845 36,318 = 21,98} 39,173
23,801 77,273 61,126 38,753 = 21,935 41,0833
23,608 78,2313 64,791 41,106 = 21,888 44,483
23,758 79.162 62,841 43.874 = 21,839 47,181
23,894 80,062 63,077 45,857 = 21,790 49,791
24,018 80,933 83,700 48,253 = 21,744 52,840
24,131 81,778 64,309 50,660 = 21,694 55,093
28,233 82,597 64,905 53,079 = 21,649 57,736
28,327 83,1394 65,488 55,507 e 21,602 60,383
26,413 84,147 66,060 57,948 = 21,561 63,026
24,493 84,920 66,620 60,389 = 21,523 65,669
24,565 85,852 67,169 62,842 o 21,488 68,309
24,633 86,365 67,707 6%,302 = 21,859 70,9%4
24,698 87,080 68,2235 67,768 * 214433 73,589
24,752 87,737 68,753 70,281 =« 21,814 76,231
24,806 88,398 69,262 72,749 = 21,397 78,872
24,855 89,08) 69,761 75,202 = 21,389 81,511
24,901 89,673 70,2%1 77,690 = 21,386 84,150
24,982 90,288 70,7132 80,182 < 21,387 86,7858
24,984 90,890 71,208 82,878 = 21,197 89,429
25,022 91,478 71,669 85,179 = 21,812 92,063
25,057 92,058 72,126 87,683 = 21,832 94,700
25,090 92.617 72,575 90,190 - 21,463 97.335
25,121 93,169 73,017 $2,701 - 21,498 99,983
25,150 93,710 73,852 95,214 = 21,540 102,625
25,177 94,240 73,879 97,730 « 21,589 108,268
25,227 95,268 7TA,714 102,771 = 21,708 110,552
25,250 95,768 75,122 105,295 - 21,777 113,198
25,272 96,2%9 78,524 107,821 < 21,853 115,842
25,292 96,740 75,920 110,349 - 21,937 118,501
2%,311 97,213 76,310 112,879 = 22,029 121,145
25,330 97,678 76,6%4 115,811 =~ 22,128 123,799
25,347 98,134 Tr.073 117.985 = 22,234 126,449
25,364 98,883 77,846 120,481 = 22,348 129,106
25,379 99,024 T?,814 123,018 = 22,869 131,762
25.394 99,458 78,178 125,557 - 22,598 134,428
25,409 99,885 78,536 128,097 = 22,732 137,081
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CH
4
T { (IDEAL GAS) MOL. WT. = 16.043
-1 o ~ o
AH;O = -15.99 + 0.08 kcal. mole Mg 298.15 = -17.895 + 0.08 kcal. mole
: -1 -1
3298.15 = 44.48 + 0.0l cal. deg. mole

Point Group Td

Vibrational Levels and Multiplicities
o, cm."l

2916.5 (1)
1534.0 (2)
3018.7 (3)
1306 (3)

L]
Bond Lengths and Angles <Y H-C-H = 109° 28! C-H = 1.09} + 0.002 A

Moments of Inertia IA = I, = IC = 5.313 X 10_40 g cm-2

B

Heat of Formation

F. D. Rossini, J. Research Nat. Bur. Standards g, 37 (1931) measured the heat of combustion of methane gas.
His value at 298.15°K was corrected to the presently accepted molecular weight of water. The heat of formation

was calculated using -68.3174 and -94.0540 kcal. mole~! for the heat of formation of Hzo(l) and Coz(g) respectively.

Heat Capacities and Entropies
D. P. Stevenson and J. A. Ibers, J. Chem. Phys. 33, 762 (1960), calculated the bond distance from an analy-
sis of available spectroscopic data. Vibrational frequenciles listed by L. H. Jones and R. 3. McDowell, J. Mol.
Spect. 3, 632 (1959), are consistent with their results of a force constant calculation.
o

CH
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0 +0u0 «0UQ INFINITE - 2.238 ~ 93,965 -~ 93,965
100 64981 424758 584188 - 145413 - 93,997 -~ 944100
200 Tel34 476766 514849 - 816 - 94,028 ~ 94.191
298 BeB74 5leUT2 51072 +00C ~ 944054 = G4.265
300 B.896 5lal27? 514072 «016 ~ 94,055 = 944267

! 400 Q9,877 53830 S5let34 « 558 - Q944070 - 944335
500 106666 56,122 52148 1e987 - 94,091 ~ 94,399
600 11310 584126 52,081 3,087 ~ 94,124 ~ Q44458
700 11.846 594910 534845 4,245 - 94,169 -~ 04,510
800 124293 616522 544706 5e453 -~ Q94,218 ~  94.556
900 12.667 62992 55.54¢€ 6.702 -~ G4,270 -~ 94,596

1000 12.980 64'34[4 56356 70984 - 94-321 - Q4,628
110¢ 13,243 £5.594 576143 9.296 - 94,371 ~ 94,658
1200 13,466 656795 57896 10,632 - 94,419 -~ 94,4681
1300 13656 67841 584620 li.988 -~ 94,469 -~ 9447vl
1400 13,815 6£8.85G 504315 13,1262 -~ 94,515 ~ Q4,716
1500 11,953 69817 50.984 14,750 - 944567 ~ 04.728
1600 14,074 70722 60627 16,157 - Q4,607 -~ 94,739
1700 144177 14579 61e246 17.565 - 94,650 ~ 94,746
1800 144266 724361 61843 18.987 ~ 94,606 - 94.75%0
1960 144352 73.165 62418 20,418 -~ 94,742 -~ Q944751
2000 14,424 73.90% 62.974 21.857° =~ 94,788. ~ Q94,752
2100 144489 74.6UR 63512 23,303 - 94,834 =~ Q44746
2200 144547 75284 644031 24,755 - G4,88% ~ 944744
2300 144600 79931 64535 26,212 -~ 94,9356 ~ Q4,735
2400 14,648 766554 65023 274674 -~ 944991 ~ Q44724
2500 144692 77153 65.496 29414 - 95.048 ~ 94,714
2600 144,734 77730 £5e405% 3U.6113 - 95,107 -~ 94,698
2700 1447713 T7Be286 6B o402 32.088 =~ 954170 - Q44683
2800 144,807 78.824 66836 33,567 ~ 95,4235 ~ Q4,662
2900 14,4841 79,344 674259 35,049 - 95,305 -~ Q44639
3000 14,873 79.848 ATe670 36,534 - 95,377 -~ Q4.615
3100 14,902 BGe336 68+071 38,024 - 95,451 -~ 94,587
3200 144930 BU.810 6Bet61 39,515 - 95,53Q - Q4,560
3300 14956 81.270 684843 414010 - 95,611 ~  QL.531
3400 164.982 Bls717 69215 424507 - 95,696 -~ Q94,495
3500 15.0U6 82151 63578 44,006h ~ 954784 ~ Q44462
3600 154030 82574 69.933 45,508 - 95,874 - 044421
3700 154053 £2.986 704280 47.012 - 95,068 - 94,379
3800 154075 834388 70662C 48,518 - 96.064 ~ 944331
3900 15,097 83.780 704953 50,027 - 964162 ~ 944286
4000 154119 R4e1672 71278 51.538 -~ 964263 ~ 844237
4100 154139 Bbte53A 714597 53,051 - 96.367 -~ Q4,186
4200 154159 B44901 71909 5644566 - 96.473 & 94:130
4300 194179 854258 T2.216€ 564082 - 96.583 -~ 94,072
4400 154197 85607 72516 57.601 - 964,694 ~ 94,4015
4500 154216 854949 72.R11 59,122 - G6.807 - 93,954
4600 154234 865284 734100 60.644 - 96,923 -~ 93,885
4700 156254 86611 T3.384 625169 - 974040 - 93,818
4800 15,272 86+933 73662 63,695 - 97.160C -~ 93,746
4900 154290 87e248 73937 65,2213 - 97.281 -~ 93,678
5000 1543206 B7 557 T4e206 6. 753 - 97,404 = 093,603
5100 1%.327 87.860 Thet?] 68,285 - 97.530 ~ 93,528
5200 154349 RB.158 T4e731 69,819 - Q97.656 = 93,4590
5300 154371 BBeb51 74.988 714355 - 07.783 ~ 93,361
5400 154393 RAB«738 750239 72,893 - 97.912 - 93,280
5500 154415 B9.021 T5.488 144,433 - 98,042 - 93,190
5600 194437 89.299 756732 754976 - 98,173 - 93,104
5700 154459 89.572 754972 774521 - 98,305 - 93,017
5800 15.481 B9eB41 764709 79.068 - 98,438 ~ 92.918
5900 154503 Q0106 16442 80,617 - 98.572 =~ 92,820
6000 150525 g0.367 764672 82.168. - 98,707 -~ 92,724
Dec. 31, 1960; Mar. 31, 19613 Sept. 30, 1965

Log Kp

INFINITE
2054645
1G2e922

694095

684670
5le540
414260

34405
294506
254830
224970
204680

184806
17243
154920
14,785
13,801

12940
12.1890
11504
10.898
10.353

9.860
Qet1l
9001
84625
8,280

T+960
Te664
74388
Tel32
64892

44008

34703

3.633
34566
3.501
34438
3.377

002

CARBON DIOXIDE (coz) { IDEAL GAS) MOL. WT. = 44,00995

Point Group D OHS o = -93.965 + 0.011 keal. mole !
o _ -1 -1 o N =]
S208.15 = B1+07 & 0,05 cél. defs — MWole MHS ,og. 15 = -94.054 * 0.011 keal. mole
Vibrational Freqguencles and Degeneracies
W, em. >
1342.86 (1)
667.30 (2)
2349.30 (1)
o
Bond Distance: C-0 = 1.16 A
Bond Angle: 0-C-0 = 180° g =2

Rotational Constant: B, = 0.39038 cm. "t

Heat of Formation.

The enthalpy change (AH; 298.15) of the reaction C(c¢, graphnite) + 02(5) s COZ(g) has be?n measured by F. H.
Dewey and D. R. Harper, J. Res. Natl. Bur. Std. 21, 457 (1938), R. S. Jessup, ibid. 21, 491 {1938), and E. J. Prosen
ibid., 33, 439 (1944). Based on these data, the heat of formatlon (AH; 298_15) for COZ(g) was

1, using molecular weight of C02 = 44.010, by E. J. Prosen, R. 5. Jessup

This value was recalculated to be -94.054 +

and F. D. Rossini,
reported to be -94.0518 + 0.0108 kcal. mole
and F. D. Rossini, J. Research Natl. Bur. Standards 33, 447 (1944).

0.011 kcal. mole-l, based on molecular weight of 002 = 44.011, for internal conslstency.

Heat Capacity and Entropy.
The functions adopted here were obtained from H, W. Woolley, J. Research Nat. Bur. Stendards 52, 289 (1954) who

calculated the thermodynamic functions by means of a direct summation for the naturally cccurring isctopic composition.
Chem. Phys. 30, 105 (1959).

The spectroscoplic constants used are essentially those selected by T. Wentnik, Jr., J.
Slightly different sets of spectroscopic constants were obtained by C. P. Courtoy, Mem. soc. roy. Liege 18, 496 {1957)
and V. R. Stull, P. J. Wyatt and G. N. Plass, J. Chem. Phys. 37, 1442 (1962). The high-resolution infrared spectrum
of 018 - enrilched 002 was examined in the region 5400-1620 cm.'l, using an Ebert grating Spectrometer wlth spectral
glit widths ranging from 0.4 to 0.2 cm.'l by C. V. Berney, Ph. D. Thesis, University of Washington, 1962.

"Infrared and Raman Spectra”, D. Van Nostrand Company, Inc.
The value of bond distance, re, was
The principal

The molecular structure was reported by G. Herzberg,

1945. The rotatlonal constant, BO, was obtained from H. W. Woolley, loc. cit.

calculated from Be which was derived from Bo’ using Be-Bo = 0.0011 cm.‘1 given in G. Herzberg, loc. cit.
-39 2

moment of 1lnertia 1s I = 7.1495 X 10 g. cm.

Heat capacitiles of COz(g) at high pressures were reported by M. P. Vukalovich, V. V. Altunin and A. N. Gureev,
Teploenergetika, 12 (7), 58 (1965); K. Krueger, Ver. Deut. Ingr. 2., 106 (32) 1620 {1964), and M. P. Vukalovich and

A. N. Gureev, Teploenergetika, 11 (8), 80 (1964).

CQ
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0
100
200
298 17.060 310940 20949 + 00U - 143,779 - 1344789 984798
300 17.088 314055 30949 «032 - 143,773 - 134.733 98,148
400 18,045 364123 31.633 1.796 - 163,453 - 131.768 71991
500 184677 40.228 32.955 3.636 - 143,108 - 128.884 564332
600 19.090 43,634 344459 54505 ~ 1424777 - 1264072 45,919
800 22,000 494745 37.534 9.769 - 141.69% ~ 1204654 32.959
900 224000 524336 39,038 __ 11.969 - 141e146 — 1184056 _____ 28,667
1000 . 72.000 7T T84.654 40+ 485 12,1869 7 = 1424759 = 115.337 254206
1100 224000 56751 41.870 16.369 - 142.258 - 1124621 224375
1200 22000 584665 434191 18.569 - 141.785% - 109.948 70,023
1300 224000 606626 464¢450 204769 - 141.340 - 1074313 1B8.040
1400 22,000 624056 456650 22.969 - 171.288 ~ 1044231 164270
1500 22.000 63574 460795 254169 - 1704491 - 99.469 144492
1600 22,000 644994 474889 274369 - 169.696 - Q4,762 12.943
1700 22000 __ 664328 __ 484935 ___ 294569 - 168,902 - 90.10l ____ 11,583
1800 22.000 67585 494936 314769 -~ 168,110 -7 785,489 10379
1900 2240U0 686775 50897 33,969 - 167.318 - 80920 90307
2000 22.000 656G+ 903 51.819 3e.169 - 1664530 - 764392 84347
2100 22000 704977 52706 38.369 - 1654742 - 71l.908 7.483
2200 22.000 72+000 534560 40,569 ~ 1644957 - HTe456 64701
2300 224000 72+978 544383 42,769 - 1644173 - 63eU40 5990
2400 22,000 73.914 554177 444969 - 163,391 - 58466V 5e341
2500 22.000 744812 554045 47,169 - 1624613 - 54,313 44748
2600 22.000 754675 S6eh87 49,369 - 1614836 - 549.995 44202
2700 22.000 764506 570406 51.569 - 1614063 - 45,711 3,700
2800 22.000 77+306 58.103 53,769 - 1604293 - 41e453 34235
2600 224000 78.078 584778 55,969 - 1594526 - 37222 2805
3000 224000 78824 5944734 58.169 - 158,764 - 33.019 20405
Dec. 31, 1960; Dec. 31, 1965

CIEMg

MAGNESIUM DICHLORIDE (Mgc12) (LIQUID) MOL. WT. = 95.218
° s -1 -1 o - —1
8598.15 = 30-949 cal. deg. ™ mole 8HY 599 .15 = -143.779 keal. mole
T, = 987°K. AHS = 10.30 + 0.05 kcal. mole™t
T, = [1710]1°k. 8HS = [37.34] keal. mole™!

Heat of Formation.

o

AH; 298.15(1) was calculated from AH; 298.15(C) by adding AH; and the difference between Hy —H%QS for
crystal and liquid. .

Heat Capacity and Entropy.

A constant Cp(l) = 22.0 cal. deg.’1 over the temperature range 1006-1428°K. is from the high
temperature heat content data of G. E. Moore, J. Am. Chem. Soc. §§, 1700 (1943).
assumed to hold from an assumed glass transition of 660°K. to 3000°K.
that of the crystal.

mole L
This constant value was

Cp(l) below 660°K. is taken to be
The entropy was obtalned 1in a manner analogous to the heat of formation.

Melting Data.
See MgClz(c) table for details.

Vaporization Data.

T, 1is calculated as the temperature at which the free energy change of the reaction MgClz(l) = MgClz(g)
approaches zero. The difference between AH; for MgClz(l) and MgClz(g) at T, 1s AH;.

) ZfWg;



[image: image7.jpg]anium Tetrachloride (TiCl4)
eal Gas) GFW = 189.712
- (] 7 Sy I — Leall v! i

,’K Cp° §°  —(G°~H’28)/T H°-H°1s AHF AGF Log Kp
0 .000 +000 INFINITE - 5.166 - 182,026 - 182,026 INFINITE
100 16,117 63,012 103.42% - 4,001 - 182.387 - 179,501 392,299
200 20,582 76.098 86,822 - 2,145 - 182,441 - 176,584 192,962
298 22,852 84,7913 84,793 ,000 - 182,400 = 173,721 127 .341
300 22.881 84,935 84,794 ,042 - 182,399 = 173,667 126,516
400 24,008 §1.690 88,707 2,393 - 182,326 = 170,767 93,303
500 24,610 97.118 87,464 4,827 - 182,244 = 167,886 73,383
600 24,962 101.439 89,461 7.307 - 182,168 - 165,022 60.109
700 25,183 105,504 91.483 9,815 - 182,102 - 162,171 50,632
800 25,330 108,877 93.451 12,341 - 182,058 - 159,328 43,526
900 25,433 111867 95,334 14,879 = 182.036 = 156,486 38.000
1000 25,507 114,551 97.124 17,427 - 182,040 - 153,650 33,580
1100 25.563 116+985 ge.821 19,980 = 182.070 = 150,808 29.963
1200 25,605 119,211 10C,428 22,539 - 183,063 - 147,927 26,941
1300 25,639 121.762 101,953 25,101 - 183,019 = 145,001 24,377
1400 25,665 123,163 103,401 27,666 - 182,991 - 142,078 22.179
1500 25,686 124,934 104,778 30,234 - 182,980 - 139,156 20,275
1600 25,704 126,592 106,090 32,803 = 182,990 - 136.233 18,609
1700 25,719 128,151 107,343 35,375 - 183,019 - 133,308 17,138
1800 25,731 129,622 108.540 37.947 - 183.074 = 130,385 15.831
1900 25,741 131.013 10y ,686 40,521 - 183,151 =~ 127,453 14,660
2000 25,750 132,334 110,786 43,095 - 187,705 - 124,366 13.590
2100 25,758 133,590 111,842 45,671 -~ 187,809 - 121,198 12.613
2200 25,765 136,789 112.85¢8 48,247 - 187,919 -~ 114,024 11.725
2300 25,770 135,434 113,837 50,824 - 188,030 - 114,842 10,912
2400 25,776 137.031 114,781 53,401 - 188,145 - 111,657 10,168
2500 25,780 138.083 115,692 55,979 - 188,265 - 108,468 9,482
2600 25,784 139,094 116,573 58,557 - 188,387 - 105,274 B.849
2700 25,708 140.¢68 117.42% 61,135 - 188,515 - 102,076 Be2b2
2e00 75,751 141.0086 118,290 63,714 - 188,648 = $4,870 7.717
2900 25,794 141.911 119,051 66,294 - 1b8,784 - 95,6061 7.20%
3000 25.796 142.785 119.827 68,673 - 188,927 = §2,450 6.735
3100 259,799 143,631 12C,58¢ 71,453 - 186,075 - 89,230 6,291
3200 25,801 144,450 121,315 74,033 - (H8y,229 - 86,010 H.874
3300 25,803 145,244 122,028 76,613 - 189,389 - 82,779y 5,482
3400 25,804 146,014 12¢.72¢ 79,193 - 189,553 - 74,543 5.113
3500 25,806 146,762 123,39¢ 81,774 - 189,724 = 76,311 4,765
3600 25,807 147.48Y 124,058 84,355 = 291,525 - 72,802 4,420
3700 25,809 148,197 124,70¢ 86,935 - 291,679 - 66,724 3,941
3800 25,81¢C 148,885 125,328 89,516 - 291,849 - 60,648 3,488
3900 25,811 1494555 125.94¢ 92.097 - 292.038 = 54,556 3,057
4000 25,812 150,209 126,539 vy ,679 - 292,245 - 48,464 2.648
4100 25,813 150,146 127,124 97,260 - 292,468 - 42,36Y 2.258
4200 25,614 151.468 127.69¢ 99,841 - 292,709 - 36,210 1,887
4300 25,815 152.076 12e,25¢ 102,423 - 292,963 = 30,163 1,533
4400 75,816 152,669 128,804 105,004 - 293,233 = 24,041} 1.194
4500 25,817 153.249 129,341 107,586 - 293,917 17,925 «871
4600 25,817 153,817 129 .867 110,168 - 293,811 - 11,793 560
4700 25,818 154,372 130,363 112,749 - 294,120 - 5,657 263
4800 25,819 1544516 130,888 115,331 - 294,440 L480 = 022
4600 25,819 155,448 131,384 117,913 - 294,771 6,629y = 296
5000 25,820 155.v69 131,870 12C,495 - 295,110 12.7d3 =, 559
5100 25,820 156.481 132,348 123,077 - 295,457 18,949 = 812
5200 25,821 156,582 132,817 125,659 - 295,814 25,119 = 1,056
5300 25,821 157 474 133,27¢ 128,241 - 296,180 31,286 = 1.290
5400 25,8¢2 157 457 133,730 130,824 - 296,553 37,472 = 1.517
5500 25,822 158,431 134,175 133,400 - 296,930 43,666 = 1.735
5600 25,823 158,%96 134,612 135,988 - 297,315 49,853 - 1.946
5700 25,823 196,353 135,047 138.570 - 297,706 56,054 = 2149
5800 25,823 196,802 135,465 141,15%2 - 298,101 62,27y = 24346
5900 25,824 160,243 135,882 143,735 - 298,501 68,483 - 2.537
6000 25.824 160.677 136.291 146,317 = 298,906 74,706 = 2.721

Sept. 30, 1961; Mar. 31, 1964; Dec. 31, 1967

Cl4Ti

TITANIUM TETRACHLORIDE (TiClu) (IDEAL GAS) GFW = 189.712
Point Group Td AHfa = -182.0 * 0.9 kcal/mol
® - . ° -
8298 = 84.8 + 0.7 gibbs/mol AHfzgg.15 = -182.4% ¢ 0.9 kcal/mol

Ground State Quantum Weight = 1

Vibrational Fregquencies and Degeneracies
1

w, cm w, cm_
388 (1) 498.5 (3)
111 (2) 131 (3)

Bond Distance: Ti-Cl = 2.185 A
Bond Angle: C(Cl-Ti-Cl = 109° 28! o = 12
112 3 6

Product of the Moments of Inertia: IAIBIC = 4,2092 x 10~ g” cm

Heat of Formation

The heat of formation, AHf;98, of TiClu(g) and TiClq(z) has been measured by several investigators, The results of these
measurements are as follows.

AHfEQB’ kecal/mol

Investigators Method Reaction TiClq(z) TiClq(g)

Johnson et al. (1959) (1) Calorimetric Ti(e)+2C1l,(g) = TiCl,(g) (-192.2) -182.4%0.7

Farber and Darnell (1955) (2) Equilibrium TiOQ(c)+HHCl(g) = TiClu(g)+2H20(g) (-192.7) -182.9+C.5
Skinner and Ruehrwein (1955) (3) Calor%metric Ti(e) +xCl,(g) = [TiCl +(x-2)Cl,] soln -190.3+3.0 (-180.5)
Gross et al.(1957) (4) Calorimetric Ti(c)+xCl,(¢) = [TiCl,+(x-2)C1,] soln -191.5+0.3 (-181.7)
Krieve et al. (1956) (5) Calorimetric Ti(c)+XC12(g) = [TiClu+(x—2)C12] soln -190.0+0.4 (-180.2)
Thomsen (1882) (6) TiClu(Z)+2H2O(2) = 4HC1 +Ti02(c) -194.5 Co1su, 7y

(0.002.m)

The chosen value of AHf;g8 is that reported by Johnson et al. (l). This investigation has the advantage of being
independent of the heat of vaporization of chlorine and any heats of solution in &eriving the value of the heat of formation.

Heat Capacity and Entropy

The adopted value for the interatomic distance is that reported by Kimura et al. (7). The tetrahedral structure was

established by the Raman work of Bhagavantam (8). The vibrational frequencies determined from the infrared and Raman spectra
of TiCl; by Hawkins and Carpenter (39) are adjusted downward 8 em ™t for v, and v, so that the heats of vaporization determined
by both second and third law methods are in agreement, See TiClu(E) table for details. The principal moments of inertia
are: T, = TIp = I, = 74.943 x 107°° g em?,
References
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[image: image8.jpg]Water (HZO)
(Ideal Gas) Mol. Wt. = 18,016
r—-—-——ul. mole'deg. ' ———— ——keal. mole '———o

T, °K. Ch §°  —(F°-H3)/T H°-Hj3gs AH% AF} Log Kp
0 000 L,000 INFINITE - 2,367 - 57,103 - 57,103 INFINITE
100 7.961 36,396 52,202 - 1,581 - 57,433 = 56,557 123,600
200 1.96Y 41.916 45,837 ___ - 784 = 57.579_ __= _55.635 60,792
298 7777 8,025 45,106 45,106 L0000 T =TT87.798 = 54,636 30, 0ad
300 0,077 45,159 45,106 .015 - 57,803 - 54,617 39,786
400 0.186 47,484 45,422 +825 - 58,042 = 53,519 29,240
500 6,415 49,334 46,026 1.654 = 5AR,277 - 52.361 22,4886
600 HebhTO 50.891 46,710 2+509 = 58,500 * 51.156 18,633
700 a,954 52,249 47,406 3,390 = 54,710 - 49,915 15,583
800 v, 244 53,444 48,089 4,300 L 58,905 - 48,6488 13,289
900 9,547 54,570 4R 749 5,240 = 59,084 “ 47,352 11,498
1000 v,851 55,592 49,382 6,209 - 59,246 - 46,040 10,062
1100 1V,152 56,545 49,991 7,210 - 59,391 - 4,712 8,883
1200 10,844 57 .48 50,575 8,240 - 59,519 - 43,37% 7.,8%9
1300 v,723 58,268 51,136 9,298 - 59,634 - 42,022 7,064
1400 1,987 59.092 51,675 10.384 - 59,734 = 40,663 6,347
1500 11,233 59,859 52,196 11,495 - 59,824 - 39,297 5,725
1600 11,462 60,591 52,698 12,630 - 59,906 - 37,927 5.180
1700 11.674 61,293 53,183 13,787 - 59,977 - 36,549 4,699
1800 11,849 61.965 53,652 14,964 - 60,041 - 35,170 4,270
1900 12,046 62,612 54,107 16.160 -« 60,099 - 33,786 3,886
2000 12,214 63,7234 54,548 17,373 = 60,150 = 32.40% 3,540
2100 12.366 63,834 54,978 18.502 - 60,198 - 31,012 3,227
2200 12,505 64,612 55,392 19,846 - 60,242 - 29,621 2.942
2300 12,634 64,971 55,796 21,103 - 60,282 - 28,229 2,682
2400 12.753 65,511 56,190 22,372 = 60,321 - 26,832 2,443
2500 12,863 66,034 56,573 23,653 e 4&N,359 - 25,439 2,224
2600 12,965 66,541 56,947 24,945 - 60,393 - 24,040 2,021
2700 13.059 AT.032 57.311 26,286 - 60,428 = 22.641 1.833
2800 13.146 67,508 57,667 27,556 = AD,867 - 21,242 1,658
2900 13,272k a7 ,971 SR,014 28,875 - 6N U96 - 19,838 1,495
3000 13.30¢ 4B, 421 58,354 30,201 - 60,530 = 18,438 1,343
3100 13,374 £8,858 58,685 31,535 - 60,562 - 17.034 1,201
3200 135,401 A9, 284 59,010 ¥ 32,876 - 60,596 - 15,630 1.067
3300 13.503 9,698 59,328 34,223 = A0,631% - 14,223 « 942
3400 13,967 70,102 59,639 35,577 - 60,666 - 12,818 .B24
3500 13,017 70,496 59,943 36,936 - 0,703 - 11,409 T2
3600 13.6R9 70,881 60,242 38,1300 . 60,741 - 10,000 .607
3700 13.71¢ 71.256 60,534 39,669 - 60,782 - 8,589 .507
3800 13,764 71,622 60 821 41,0413 - 60,822 - 7.177 ,413
3900 13,H08 71,980 61,103 42,422 - 60,865 - 5,766 .323
4000 13,850 772,331 £1,379 43,808 - 60,910 - 4,353 .238
4100 13,R90 72,673 61,651 45,192 - 60,957 - 2,938 157
4200 13,921 73.008 61,917 46,583 - 61,0006 - 1.522 079
4300 13,963 73,336 62,179 47,977 - 61,056 - . 108 005
4400 13,997 73,658 62,436 49,375 - 61,109 1,311 .065
4500 1e,.0130 73,973 ~2,689 50,777 - 61,164 2,729 .133
4600 14061 Ta, o84 62,9398 52.181 = 61+220 4,154 = 197
4700 14,091 74,504 63,182 53,549 - 61,279 5,576 = 259
4800 14.120 74.881 3,423 55,000 = 614339 6,998 = 319
4906 14,14k 75,172 63,660 56,413 - 61,401 8,422 = 376
5000 16,1786 75,459 63,893 57,829 - 61,865 9,844 = L4830
5100 14,201 75,740 64,122 59,7248 - 61,532 11,275 = L4B3
5200 14,228 76,016 64, 348 60,669 - 61,600 12,700 = ,934
5300 14,294 76,287 64 .57 62,093 - 61,669 14,135 - 083
5400 14,279 76.553 64,791 634520 = 61,741 15,560 = e 630
5500 16,303 76 816 65,007 64,949 - £1,813 16,995 = L675
5600 14,394 17,074 65,220 606,381 - 61,889 18,426 = W.T19
5700 14,351 77,327 65,430 67 ,A15S - 61,965 19 ,862 = J62
5800 14,375 77,577 65,637 69,251 - 62,043 21,299 = .803
5900 14,394 77,823 65,8482 70,690 - 62,122 22,736 = 842
6000 4,022 78,065 66,044 72,131 = 62,203 284,174 = .880

March 31, 1961

WATER (H,0) ( IDEAL GAS) MOL. WT. = 18.016

1

° L - ° - - =1
AHfO = =«57.,103 kcal. mole AHf 298.15 57.7979 kcal. mole

1 1

Point Group C,, S5gg.15 = 45:106 cal. deg.”~ mole”

Vibrational Levels and Multiplicities
W, cm.™d
3657.05 (1)
1594.59 (1)
3755.79 (1)

) L]
Bond Length and Angle 0-H distance = 0.9584 A H-0-H angle = 104.45° C= 2

Product of Moments of Inertia IAIBIC = 5.7658 X 10'120 g.s cm.6

Heat of Formation

Taken from National Bureau of Standards Circular 500, "Selected Values of Chemical Thermodynamic Properties,"
1952.

Heat Capacity and Entropy

A. S. Priedman and L. Haar, J. Chem. Phys. 22, 2051 (1954), using the infra-red spectra analysis of W. S.
Benedict, H. H. Claassen and J. H. Shaw, J. Research Natl. Bur. Standards ig, 91 (1952), have calculated the
thermodynamic functions for water including the anharmonic corrections. Friedman and Hear in comparing their
calculation to that of a direct summation by Glatt, Adams, and Johnston, Ohlio State University Res. Foundation
Tech. Report No. 316-8 (1953), found that the difference between the two calculations was less than the uncer-
tainty in the direct summation.

o values from 100° to 5000°K. are from Friedman and Haar. Cp from 5000° to 6000°K was extrapolated linearly.
Using the tabulated functions of Friedman and Haar Cp, S, and HT-HO at T = 298.15°K. was calculated by the method
of Lagranglan curvilinear interpolation, W. J. Taylor, J. Research Natl. Bur. Standards 35, 151 (1945).

The bond length and angle were obtained from a compilation by L. E. Sutton, "Tables of Interatomic Distances
and Configurations in Molecules and Ions," The Chem. Soc., Burlington House, London W1, 1958.

H

0



[image: image9.jpg]Magnesium

(Mg)

(Reference State)

At.

Wt. =

24 .58

e cal. mole'ldeg."—————ﬁ

———keal. mole '—————

T, °K. c S° - (F°-Hy)/T H°-H}s AH} . Log Kp
0 ¢U0CD «Q20 INFINITE - lel96 «000 « 000 «000
100 3,768 2.273 12695 o leG42 +000 «0Q00 «0OU0
200 Se840 5533 T«933 < 0480 +000 « 000 «000
298 50973 70814 TeB8l4 e 000 .'J\:O .Q\)'J 0 W90
300 54960 7851 7814 «011 «0U0 200 #0200
4C0 6230 ge613 8.052 e625 « 000 « 000 « 000
500 6560 11047 84512 14267 «000 «000 «C00
600 64802 12264 Q,03¢ 1,938 «0C0 «000 «00C
700 TeuBY 134333 Q6577 24629 «000 + VOO0 «0CO
800 Tet20 14300 1Ce108 3,254 «000 « 000 «0C0
909 74810 150196 1Ce624 40115 «000 « V00 + 000
1000 74880 180330 1le304 T.034 «000 ¢ 00QC «00C
1100 864140 19102 11.979 74836 « 000 « 00U # 0LV
1200 8,400 19.821 12602 Bei63 «000 « 000 « 020
1300 86660 20504 12,184 Q6516 « 000 « 000 ¢ Q00
1400 44368 439187 164072 50,760 <000 <000 «0C0
1500 44368 4345390 164025 41,257 «U0O0 «000 «Q00
1600 44968 434850 176754 414754 «000 000 «0CC
1700 44968 440152 194,298 424251 «000 000 «000
1860 44968 440436 206687 424748 «QUU «000 +CCO
1900 44968 440704 21le944 43,244 « VU0 « 000 «009
2000 44969 440953 23.088 43,741 «000 000 « 002
2100 44969 454201 24136 44,4228 « 000 «000 «0UC
2300 4972 454654 252987 45,232 «000 + 000 «200
2400 44974 454865 266811 45,729 .000 «000 «00¢
2500 44978 460068 27578 464227 000 « 000 «00C
2600 44983 460264 28,202 464725 +000 « 000 «000
2700 40989 46452 2849562 474224 « 000 «000 « 000
2800 44998 460633 2945892 476722 «000 «C00 + 000
2900 56009 460809 3Ce180 48,223 « 000 Q00 +000
3000 5023 460979 206737 48,725 +000 « 000 «COC
3100 Se040 47el44 316264 49,228 «000 +000 «CVO
3200 5006C 47304 21.7€3 49,733 «000 «000 « QU0
3300 5085 47460 32.238 50.240 +000 «000 s 000
3400 Sell4 474613 32.68¢ 50,750 +000 « 000 «JCO
3500 5148 474761 336115 51.263 .000 «000 «0C0
3600 5186 474907 334524 51,720 +000 «000 «000
3700 5229 48.050 33,914 524301 +000 « 000 «C0Q0
3800 5278 484190 34,288 52.826 +000 «000 «000
3900 5332 480327 346546 53,356 +000 +Q00 «2C0
4000 5392 480463 244990 53.892 «000 + 000 «0CO
4100 5457 48597 356320 544435 «0CC « 000 «000
4200 5528 Q80729 31546718 54,084 «Q00 «000 «000
4300 56604 48860 354944 554541 +200 + 200 +000
<400 5686 484990 364239 56,105 +000 « 000 «0LQ
4500 S¢773 436119 366524 564678 «000 « 000 «JC0
4600 54866 494247 364729 57.260 +000 «0C0 #OUC
4700 56964 49374 374055 57.851 000 «000 eUUJ
4800 66067 43501 376323 58.453 000 «C00 o OUT
4900 Gel76 4Q9e627 374573 59,065 «000 + 000 sLUCT
5000 60289 430753 376315 59,688 «000 « 000 e LUl
5100 66407 4g.878 38,050 60,223 «000 «000 #0CC
5200 66530 50C0C4 386279 604272 «QCC «000 «CCC
5300 €e658 5041390 28501 61.629 +00C «0C «00CC
54Q0 66790 506255 28.718 62,301 «J00 «000 +0LC
5500 66927 50381 284929 62.987 .000 »000 e 08¢
5600 76069 50507 232135 63,687 +« 200 +000 o CCL
5700 76215 Spe824 32,375 64,401 +200 «00C o200
5800 7367 507860 39.521 65.130 +000 « 000 «LCT
5900 Te523 5¢ce888 3%.722 65,875 «N00 « 000 s 000
higon Te684 53 «J15 37.913 66.635 .00 .000 4552

Dec. 31, 1960; sSept. 30, 1962

MAGNESIUM (Mg) (REFERENCE

Crystal
Liquid

Ideal gas, monatomic

See crystal, liquid, and ideal monatomic gas for detalls.

STATE)

Below 922°K
922°K to 1378°K

above 1378°K

AT. WT.

Mg

= 24.32

Mg




[image: image10.jpg]Titanium

(Ti)

(Reference State)

GFW = 47,90

gibbs/mol kcal/mol

T, °K Cp° s° —(G°—H’208)/T  H°—HP2ss AHFP AGF Log Kp
0 +000 «000 INFINITE - 1,152 «000 »000 «000
100 3,412 1.969 126152 - 14018 « 000 «000 «000
200 5e333 54069 7870 - « 560 V00 +UVO « 000
298 54987 74325 7325 « 000 «0UO 000 « 000
300 5,996 76362 7325 011 +00U0 000 «000
400 66341 9,139 76565 +629 000 «000 «000
500 66559 104578 8e028 1,275 «000 « 000 «000
600 64755 114791 Be557 14941 2000 000 «000
700 64976 12.848 9.096 24627 2000 « V00 «Q000
800 74229 13,796 94625 3,337 000 «000 «000
900 74499 144663 106137 44073 «U00 #0000 «000
1.000 74767 154467 10631 4,837 «000 «000 «000
1100 84025 16220 114105 54626 000 2U00 2000
1200 74068 17761 11592 74378 +000 «000 «000
1300 74210 18.312 12087 84092 «000 #0000 «000
1400 7.367 184852 12551 8.821 «UOU 2« 000 +000
1500 7540 194366 12989 9,566 +000 « 000 000
1600 74730 19859 13¢403 104329 000 000 «000
1700 76940 204333 13797 1ledl?2 o UULO «000 « 000
1800 Ba160 206792 14173 11917 «000 « 000 «000
1900 B8.390 214240 144533 12,744 2UUQ » 000 «000
2000 8,500 234977 14+G56 18,042 000 000 «000
2100 84500 244392 15439¢ 18,892 « 000 000 +000
2200 845UC 244,787 15.814 19,742 000 +000 «000
2300 84500 254165 166212 204592 2000 000 «000
2400 84500 254527 164593 21le4442 « 000 «000 +000
2%00 84500 254874 164657 22,292 «000 . 000 «000
2600 B4500 26207 17307 23,142 «U00 000 +000
2700 84500 264528 174642 23,992 +000 <000 000
2800 Be500 264837 174965 26 4,B42 « 000 » Q00 « 000
2900 84500 27.136 18276 25,692 «000 « 000 «000
3000 84500 276424 1Be576 264542 +000 +000 « 000
3100 84500 27.703 184866 274392 000 000 <000
3200 84500 274972 194147 284247 « 000 «000 «000
3300 84500 284234 19.418 29,092 000 «000 «000
3400 84500 280488 194581 294942 «000 «U00 «000
3500 84500 284734 19+93¢ 30,792 «000 « 000 « 000
3600 Ballb 574276 206257 133,268 000 +000 «000
3700 84283 57501 21260 134,090 « 000 «000 «000
3800 Betl7 57723 22217 134,925 000 2000 « 000
3900 8548 57844 234130 135,773 «UL0 «000 2000
4000 84676 584162 24003 136,634 « 000 « 000 « 000
4100 84799 584378 244839 1374508 « 000 L0 «000
4200 84919 584591 254640 1384394 000 «000 000
4300 9,035 58,802 260409 139,292 £ 000 «000 «000
4400 9,146 59,011 27147 1404201 #0000 «000 +000
4500 9,252 59,218 274858 141,121 «000 « 000 « 000
4600 9,354 596423 28542 142,051 +0UV0 2aU00 «000
4700 Get51 5G+625 294201 142,991 «000 000 «000
4800 9,544 53,825 294837 143,941 000 «000 «000
4900 9,631 60022 30451 144,900 «000 « 000 « 000
5000 9,713 604218 31e044 145,867 «000 «000 « 000
5100 9,791 60s411 314K18 1464842 « 000 «000 «000
5200 9,864 604602 324174 1474825 «000 +000 «000
5300 9,933 60790 324712 148,815 «000 «000 «000
5400 9,996 60977 234234 140,812 000 LU0U0 «000
5500 10,056 61e161 334740 150.814 « 000 «000 « 000
5600 10,111 f1le342 344231 151.823 «0V0 « 000 «000
5700 10,161 61522 344708 152,836 «000 000 « 000
5800 10,208 614699 354172 153,856 000 000 «000
5900 10251 614874 354623 154,878 « Q00 + 000 « 000
6000 10.289 624046 364062 155,905 +000 «000 +N00

Dec. 31, 1960; Sept. 30, 1966

TITANIUM (T1)

1155
1933
359

to
to
to
to

{ REFERENCE STATE)

1155°K
1933°K
3591°K
8000°K

See crystal, liquid and monatomic gas for detalls.

Crystal alpha
Crystal beta
Liquid

Ideal Monatomic Gas

GFW = 47.90

Ti
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gibbs/mol ——M —— kcal/mol
T, °K Cpo 3 —(G°—H°208)/T H°—H°20s AHf AGf° Log Kp
0
100
200
298 64205 8.69]1 84691 +000 14433 1026 = «752
300 642U6 84729 Be691 «011 14433 1,023 = 746
400 6,280 10.52% Be935 636 1e440 «885 - 484
500 64358 11934 94399 l.268 le426 e 748 - e327
600 6,439 13,101 9922 1.907 1.399 613 - 223
700 64525 144100 10e449 24556 14362 o485 - «151
800 6e618 144977 10+961 3,213 1.309 364 - «099
900 6.718 154762 116452 3.879 1239 «250 -~ «061
1000 6.825 16.‘075 110919 ‘0.556 1.152 0144 - 0032
1100 64940 176131 124363 54245 14052 +050 - 2010
1200 7.068 17741 12.786 54945 «000 «000 +000
1300 7.210 18.312 134190 6+659 «000 «000 «000
1400 76367 184852 13575 74387 «000 «000 « 000
1500 74540 194366 13.944 8.133 «000 =000 «000
1600 7730 19.858 14.298 8.896 +000 «000 « 000
1700 7940 204333 144639 9,679 «000 +000 « 000
1800 8,160 204793 144969 l0.484 « 000 «000 000
1900 8,390 21,240 156287 11,311 2000 +000 « 000
2000 84630 21.677 15596 12,162 - 4ebaY 153 =~ «017
2100 8.860 224103 15.895 13,037 - 44422 «385 -~ « 040
2200 9.090 224521 164187 13,934 - 44375 611 - «061
2300 9.312 22930 16471 14,855 -~ 4,304 836 - «079
2400 9,530 23.33] 160749 15,797 - 44,212 1.058 = «096
2500 g.750 234726 17020 16.761 ~ 44098 1277 - 112

Sept. 30, 1966

TITANIUM, BETA (Ti) ( CRYSTAL) GFW = 47.90

Aﬂfa = Unknown

° é - .
S298.15 = 8-691  gibbs/mol MifS o 1o = 1.433 keal/mol

Tt = 1155 + 3 °K AHt® = 0.99 kcal/mol

Tm = 1933 + 10 °K OHm® = [4.45] kcal/mol

AHB§98.15 = [111.57] kcal/mol

Heat of Formation.

The heat of formation (AHfEQB 15) was obtained from A"f§98.15 ( ol » ¢) by adding pHt® and the difference
-] o
Hi, - Hpgg.15 for Ti ( d c) and Ti ( ﬁ?, c).

Heat Capacity and Entropy.

The heat capacities, 1155 - 1856°K, have been determined by many investigators.
for details.
The Ohio State University, 1952,and R. Kohlhaas, M. Braun and 0. Vollmer, Z. Naturforsch. 20A, 1077 (1965). The
heat capacities below 1155°K and above 1B00°K were estimated by graphical extrapolation. The entropy was obtained
in a manner analogous to that of the heat of formation.

See the T1 (ol , ¢) table

Transition Data.

Titanium has two crystal forms, i.e. the hexagonal close-packed low-temperature form and the body-centered
cubic high-temperature form. The (- transition temperature has been determined and reported over a
range of temperatures, 1154-1167°K, by many investigators. The value of Tt 1s affected by the impurities in the
specimen or adsorbed by the specimen during the measurement and the method used for the determination.
table indicates the values of Tt reported by different investigators.
purity of specimen and property measured. The value of Tt adopted 1s 1155 + 3°K, and the value of AHt® is selected
as 0.99 kcal/mol.

Investigator Purity,% Method or Property Measured

Tt, °K AHt®, kcal/mol

1. Fast (1939) 1158 + 10 - Iodide electrical resistance
2. Greiner and Ellis (1949) 1158 + 2 - 99.9 electrical resistance
3. McQuillan (1950) 1155.7 + 1 = 99.93 hydrogen solubility
4. Duwez (1951) 1155 + 4 - Iodide cooling curve

5. Worner {1951) 1158 + 2 - 99.93 thermoelectric power
6. Kothen (1952) 1154 0.943 99.96 dropping calorimetry
7. Edwards et al.(1953) 1157 + 3.5 - 99.88 cooling curve

8. Schofield (1958) 1158 0.814 - rate of heating

9. Scott (1957) 1156 + 2 0.978 + 0.025 Iodide adiabatic calorimetry
10. Backhurst (1958) — 0.880 Commercial adiabatic calorimetry
11. Golutvin (1959) 1155 0.820 + 0.020 Iodide dropping calorimetry
12. Kohlhaas, et al. {1965) 1167 0.992 99.8 adiabatic calorimetry

1. J. D. Fast, Rec. trav. chim. 58, 973 (1939).

2. E. S. Greiner and W. C. Ell1s, Trans. Am. Inst. Min. Met. Eng. 180, 657 (1949).
3. A. D. McQuillan, J. Inst. Metals, 78, 249 (1950).

4. P. Duwez, J. Metals, 3, 765 (1951).

5. H. W. Worner, Australian J. Sci. Res. 4, 62 (1951).

6. C. W. Kothen, Ph. D. Dissertation, The Ohio State University, 1952.

7. J. W. Edwards, H.L.Johnston and W. E. Ditmars, J. Am. Chem. Soc. 75, 2467 (1953).
8. T. H. Schofield, J. Inst. Metals, 85, 68 (1956).

9. J. L. Scott, ORNL - 2328, Oak Ridge National Laboratory, July 1957.
10. I. Backhurst, J. Iron Steel Inst. (London) 189, 124 (1958).
11. Y. M. Golutvin, Russ J. Phys, Chem. 33, 164 (1959).
12. R. Kohlhaas, M. Braun and D. Vollmer, Z. Naturforsch. 20A, 1077 (1965).

Melting Data.
See the Ti(1l) table for details.

Heat of Sublimation. Ti

M5 1 18 calculated as the difference between QHf3 g 15 for Ti(g) and T1( ﬁ?, c).

The selected Cp values were evaluated based on the data reported by C. W. Kothen, Ph. D. dissertation,

The following
Also included are the heats of transition (AHt®),

Ti
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		Gibbs energy of Mixing for the Liquid Au-Cu System at 1550 K
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