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ABSTRACT

Real gas thermodynamic functions, Cp, S, (H — Ho)/T, and — (F — HY)IT,
have been calculated for f-halonaphthalenes (§ — C;o H, X, where X = F, Cl, Br, I)
from 0.25 to 16 atm within the temperature range of 273.15 K to 1200 K, correcting
the thermodynamic property ideal gas values by means of the Berthelot equation of
state.

INTRODUCTION

Previously, McFee and Lielmezs!- 2 have calculated the ideal gas state thermo-
dynamic functions at 1 atm for naphthalene and 11 halogenated naphthalenes®, and
the real gas state thermodynamic functions from 0.25 to 16 atm for x-halonaph-
thalenes? (a-C,o H; X, where X = F, C}, Br, I); both compound series within 273.15
to 1200 K temperature range. In this work, however, the real gas state thermo-
dynamic functions have been calculated for 8-halonaphthalenes (-C;, H;, X, X = F,
Cl, Br, I), again from 0.25 to 16 atm and within the temperature range of 273.15 to
1200 K. The calculated results have been presented in Table 1. These results have
also been fitted to give five constant polynomial of the form:

A=a+ bT + cT* + dT3 + T @)

where A is the real gas thermodynamic function at temperature 7 (K). The constants
a, b, c, d and e (eqn (1)) have been obtained using linear least squares curve fitting
methods®, and are found in Table 2. The molecular structural data needed for
thermodynamic function calculations, have been presenied in Table 3.

DISCUSSION

The real gas state thermodynamic functions of f-halonaphthalenes were
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TABLE |

HEAT CAPACITY, EXTHALPY FUNCTION, FREE ENERGY FUNCTION AND ENTROPY

Temp.  B-Fluororaphthalene B-Chloronaphthalene

CK) Cp (H—H))[T —(F—Ho)iT S Cp (H—H)T —(F—Ho)T S

(cal mol-* (cal mol—} (cal mol~* (cal mol-* (cal mol~-* (cal mol—* (cal mol* cal
K?) K-") K1) K-n K-1) K1) KN mol-1
K1

P =025 atm
451.00 5203 27.47 81.09 108.56 5253 27.9% 8269 110.63
52270 5759 31.26 85.42 116.67 53.41 31.73 87.09 113.81
273.15 3329 17.32 70.04 87.36 34.17 17.68 7143 89.10
298.15 36.15 18.78 71.62 90.40 36.94 19.17 73.04 92 21
300.00 3636 18.89 71.74 S0.63 37.15 19.28 73.16 92,44
35000 4195 21.79 74.87 96.66 4262 2223 76.35 98.58
400CO0 4718 2465 77.57 102.60 47.75 25.10 73.51 103.61
45000 5194 27.41 31.03 108.44 52,44 27.39 8263 11051
500.60 5631 2008 84.05 114 14 56.65 30.56 85.70 116.26
55000 €001 3263 8704 11968 €041 33.10 88.74 121.82
60000 €241 3506 £9.99 12505 63.76 35.52 91.72 127.24
65000 6644 37.36 92 88 150.25 66.75 37.81 H4.66 152.47
70000 69.15 39.53 9573 135.27 69.44 39.97 97.54 13751
75000 7160 £1.59 98.53 140.12 71.86 4202 100.37 142.39
£00.00 7381 43.5¢ 101.28 14480 7404 4395 103.14 147.10
850.00 75.81 45.38 105.97 149.35 76.05 4578 105.86 15165
900.00 77.63 47.12 106.62 153.74 77.83 47.5% 108.53 156.04
95000 79.30 48.77 109221 15798 7948 49.15 111.14 160.30

1000.60 85082 5033 111.75 16209 8098 5071 113.70 164.41

1050.00 82.21 51.82 114.24 166.06 82 36 5218 11621 16840

1100.00 8349 5323 116.69 16992 83.63 53.58 118.67 17226

1150.00 84.67 54.57 119.08 173.66 84 80 5492 121.08 176.00

120000 85.76 55.85 i21.43 17728 8588 56.18 123.45 179.63

P =050am
451.0 5218 27.39 79.73 107.13 52.75 27.84 81.34 169.19
52270 58.08 31.21 84.05 11526 58.54 31.67 85.73 11740
275.15 3396 1699 68.77 85.76 35.05 1723 70.19 8743
20815 36.67 1852 7033 8885 37.62 18.84 71.77 90.61
30000 3687 18¢4 7044 89.08 37.82 1895 71.89 90.84
350.c0 4227 21.63 73.54 95.17 43.064 2202 75.04 97.07
40000 47.39 24.53 76.62 101.16 48.04 24.97 78.18 103.14
450.00 5209 2734 79.67 107.01 52.64 27.79 8128 109.07
50000 %632 3003 82.69 112.72 56.79 30.48 2455 114.83
550.00 60.10 32.59 85.68 118.17 €052 33.05 87.38 12043
600.00 6347 35.03 2862 123.65 6384 3548 90.36 125.84

€0.00 66.49 3733 91.51 12885 66.82 37.78 9329 131.07

70000 69.19 39.52 94.36 133.88 69.49 3995 96.17 136.12
750.00 71.63 41.58 972.16 138.74 71.90 42.00 99.00 141.00
£00.00 7383 4352 9991 143.43 7408 43.94 101.77 145.71
85000 7583 4537 102.60 14797 76.05 45.77 104.49 15026
9C0.00 77.65 4711 10524 15235 77.85 47.50 107.15 154.66
95¢.00 79.31 48.76 107.83 156.60 79.50 4914 109.77 158.91

iCC0.00 80.83 50.33 110.38 160.70 81.60 50.70 112.33 163.03

105000 3222 51.81 112.87 164.68 82.38 52.18 114.84 167.01

1190.00 §3.30 53.23 135.31 168.34 83.56 5358 11730 17088

115000 84.68 5457 n.n 17228 84.81 5491 119.71 174.62

120000 85.76 55.85 120.06 175.90 85.89 56.18 122.67 178.25
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B-Bromonaphthalere B-Iodonaphthalene

Cp (H—Ho)]T —(F—Ho)|T S Cs (H—Ho)[T —(F—HoIT S

(cal mol-* (calmol* (cal mol™? (cal mol-! (cal n-H*t (calmol? (cal mol? (cal mol!
K-5 K1) K1) K-1) KN K-1) K- K-1)
52 88 28.56 8530 113.86 53.07 2895 87.38 116.33
58.68 32.31 98.79 12209 58.84 3267 9192 124.58
3485 18.38 73.70 9208 3535 18.82 75.56 9438
37.56 19.38 75.37 9525 3798 20.32 77.28 97.59
37.76 19.99 75.49 95.48 38.18 2043 7740 97.83
43.12 2291 78.80 101.71 4343 23.34 80.77 104.11
48.17 25.76 82.04 107.80 4841 26.17 84.07 110.24
52.79 28.51 8524 113.74 5299 23.90 87.31 116.21
56.94 31.15 88.38 119.53 57.11 31.52 90.49 122.01
60.65 33.67 91.46 12513 60.80 34.01 93.62 127.63
63.96 36.05 94.50 130.55 64.10 36.39 96.68 133.06
66.91 38.32 97.57 135.79 67.05 38.63 99.63 138.31
69.56 4046 100.39 14085 69.70 40.76 102.62 143.38
71.95 42 48 103.25 145.73 72.69 4277 105.50 148.27
74.10 44.30 106.06 150.44 7405 44 .67 10832 153.00
76.06 46.19 103.80 15499 7621 46.47 111.09 157.56
77.84 47.90 11149 159.39 78.00 48.17 113.79 161.97
79.47 49.52 114.12 163.65 79.63 49.79 116.44 16623
20.96 51.06 116.70 167.76 81.12 51.32 119.03 170.35
8232 5251 119.25 171.74 8249 52.77 121.57 174.34
83.58 5390 121.71 175.60 83.75 54.15 124.06 17821
84.74 5521 124.13 17935 8491 55.46 126.50 181.96
85.81 56.47 126,51 18297 8598 56.71 128.88 185.59
53.08 2846 83.95 11242 53.31 28.84 86.04 114.87
58.81 3224 8843 120.67 58.99 32.59 96.56 123.16
35.75 17.94 72.47 90.30 36.40 18.30 73.46 92.66
38.25 19.54 74.11 93.64 38.79 19.92 76.03 9595
38.44 19.65 74.23 93.88 3897 20.03 76.15 96.19
43.55 22.7¢ 7749 160.19 4393 23.09 79.47 102.57
48.46 25.62 80.71 106.33 48.75 26.00 82.75 108.75
52.99 28.41 83.89 112,30 53.22 28.78 85.97 114.75
57.C9 31.08 87.02 118.10 5728 31.43 89.14 120.57
60.76 33.61 90.10 123.72 60.93 33.95 9226 126.21
61.04 36.01 93.13 129.15 6420 36.34 95.32 131.65
6698 3828 96.11 134.39 67.13 38.60 9831 13691
69.62 4043 99.02 139.45 69.77 40.73 101.25 141.58
71.99 42.46 101.88 144.34 72.14 4275 104.13 146.88
74.14 4437 104.68 149.05 7429 44 65 10695 151.60
76.09 46.18 107.43 153.61 7025 46.45 109.71 156.17
7787 47.89 110.12 15801 7803 48.16 112.42 160.58
79.49 49.51 11275 16226 79.66 4978 115.07 164.84
8098 51.05 115.33 166.38 81.15 51.31 117.66 16897
8234 52.51 117.86 170.36 8251 52.76 12020 17296
83.60 53.49 12033 17422 83.77 54.14 122.68 176.83
84.75 55.21 12275 17796 8492 5546 125.12 180.58
85.82 56.46 125.13 181.59 85.95 56.71 127.51 184.21

( Continued on p. 58)
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TABLE 1 (continued)
HEAT TAPACITY, ENTHALPY FUNCTION, FREE ENERGY FUNCTION AND ENTROPY

Temp. B-Fluoronaphthalene B-Chloronaphthalene
(°K) Cp {H—H))T —(F—Ho)T S C, (H—Ho)IT —(F—Ho)iT S
(cal mol~* (cal mol~* (cal mel-? (cal mol-* (cal mof— {(cal mol-* (cal mol? cal
K1 K1) K-1) K1) K-Y) K-1) K1) mol -1
K-1)
P = 700 aim
451.00 5247 2725 78.40 105.65 53.12 27.65 80.03 107.638
52270 58.28 31.12 82.71 113.82 58.79 31.54 84.39 11593
27315 3530 1632 67.62 8304 36.92 16.36 6911 85.46
298.15 37.69 18.01 69.12 87.13 38.98 18.16 70.62 88.78
30060 3788 18.14 69.25 87.37 39.15 18.29 70.73 89.02
35000 4291 21.32 72.27 93.58 43.88 21.61 73.80 9541
40000 47.82 24.32 75.31 99.€4 48.60 24.69 76.89 101.58
45000 5239 27.19 78.34 105.54 53.03 27.59 79.97 107.56
50000 56.53 2992 81.35 111.27 57.08 3034 83.03 113.36
550C0 2026 3251 8432 116.84 €0.73 3294 86.03 11898
600.00 63.60 34.97 87.26 122.25 64.01 3540 89.01 12440
650.G0 &6.59 37.29 S0.15 127.44 66.95 37.71 91.93 129.65
700C0 69.27 39.48 93.CO 132.47 69.€0 39.90 94.81 134.71
730€0 71.69 31.55 95.79 137.3% 71.99 41.96 97.63 139.59
§COCO 73.89 43.50 98.53 142.03 74.15 4390 10040 144.31
850C€0 75.88 4535 10123 146.57 76.11 4574 103.12 148.86
SC0CO0 77.69 47.09 103.87 150.96 77.90 47.43 105.78 153.26
95000 7934 4874 166.46 155.21 79.54 49.13 108.39 157.52
10C0.CO0 £0.86 50.532 109.C0 159.32 81.04 50.68 11095 161.64
1050.C0 8225 51.80 111.49 163.30 82.41 5216 113.46 165.63
1100.G0 83.52 55.22 113.94 16715 83.67 53.57 11592 16949
1150.00 84.70 5456 11633 170.89 £4.24 5490 118.33 17523
120000 85.78 5584 118.68 174.52 85.91 56.17 120.70 176.87
P = 200 arm
451.00 53.07 26.96 77.12 104.08 53.90 27.26 78.77 106.04
522.70 58.66 3093 81.59 112.32 5929 31.30 83.09 114.39
273.15 3798 15.00 66.67 81.67 40.36 14.60 68.31 8291
298.15 39.75 16.99 68.07 85.07 417 16.81 69.68 86.49
300.C0 39.50 17.14 68.18 85.32 41.83 16.97 69.79 86.75
35000 44138 20.69 71.09 91.78 45.56 20.77 70 93.47
40000 48.67 23.90 74.07 97.97 49.73 24.13 75.69 99.832
45000 5299 26.90 771.06 103.96 53.82 27.21 78.71 10592
500.00 5697 20.71 80.04 109.75 57.66 3006 81.73 111.79
550.C0 ¢€0.59 3236 83.00 11535 61.17 32.73 81.72 117.45
€00.00 63.83 3485 85.92 120.77 64.34 3524 87.68 12291
65000 6678 37.19 88.80 126.00 6721 37.59 90.59 128.18
700.00 6943 39.40 91.6% 131.04 €9.381 39.80 93.46 13326
75000 71.82 41.49 94.43 135.92 72.16 41.88 96.28 138.16
800.00 73.99 43.325 97.17 140.62 74.29 43.84 99.04 142.88
85000 7597 4531 9986 145.17 76.23 45.69 101.76 147.44
90000 7776 427.06 102.50 149.56 78.00 4743 104.42 i51.85
950.00 79.41 48.72 105.09 153.81 79.62 49.09 107.03 156.11
100000 8091 5029 107.63 157.92 81.11 50.65 109.59 160.24
105000 8229 51.78 110.12 161.90 8247 52.13 112.09 16423
1100.00 83.56 53.20 112.56 165.76 83.73 53.54 11455 168.09
115000 84.75 34.55 114.96 169.50 84 88 5488 11696 171.84

1200.00 8531 5583 11731 173.13 8595 56.15 119.32 17548
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B-Bromonaphthalere B-Todorapkthaler.e

Cp (H—Ho)T —(F—Ho)T S Cp (H—Ho)JT —(F—Ho)T S

(cal mol~* (cal moi™* (cal mol™ (cal mol! (calmol* (calmol-* (cal mol-* (cal mol—
XY K- K- K1) K1) K1) K1) K1)
53.47 2827 8265 11091 53.78 38.60 8473 113.34
59.06 32.12 87.09 119.21 59.29 3244 89.23 121.68
37.54 1708 71.38 88413 3881 1725 7333 90.58
39.63 18.85 7295 91.80 4041 19.11 74.92 94.03
39.79 18.98 73.07 9205 40.56 19.24 75.04 94.28
4440 2228 7625 98.53 43493 22.60 78.26 100.86
49.03 25.53 79.43 104.76 49.42 25.67 81.48 107.15
53.39 28.21 R2.58 110.79 53.69 28.55 84.67 113.22
57.38 3093 85.69 116.62 57.63 31.26 87.82 119.08
60.98 33.50 88.76 122.27 61.19 3382 90.92 124.75
64.21 35.93 9]1.78 127.71 64.40 36.24 93.97 130.21
67.11 38.22 94.75 132.97 67.29 38.52 96.96 135.48
69.72 40.33 97.66 138.04 69.89 40.67 99.89 140.56
72.08 4241 100.52 14293 72.25 4270 102.77 145.47
7421 44.34 103.32 147.65 74.38 44.61 105.59 150.20
76.15 16.15 106.06 15221 76.32 46.42 108.35 152.77
77.92 47.87 108.75 156.61 78.09 48.13 111.05 159.18
79.53 49.49 111.38 160.87 79.71 49.75 113.70 163.45
81.01 51.03 11396 164.99 81.19 51.29 116.29 167.57
§2.37 5249 11648 168.97 82.55 52.74 118.82 171.57
83.62 53.88 118.96 172.84 83.80 54.13 121.31 17544
84.78 5520 121.38 176.58 8495 5544 123.75 179.19
8584 56.45 123.76 180.21 86.02 56.70 126.13 182.83
54.27 27.88 81.39 109.26 54.71 28.14 83.50 111.65
59.57 31.87 85.79 117.66 59.89 32.15 87.95 120.10
41.13 15.26 70.59 85.86 4272 15.16 72.64 87.79
42.39 17.48 7203 89.51 43.65 17.50 74.07 91.57
42.50 17.63 72.14 89.77 43.74 17.66 74.18 91.84
46.10 21.43 75.15 96.58 46.93 21.60 77.21 98.81
50.17 24.77 78.23 103.00 50.76 25.01 80.32 105.32
54.19 2782 81.33 109.14 54.63 28.09 83.44 111.53
57.97 30.65 84 41 115.05 58.31 3093 86.55 117.48
61.42 3329 87.45 120.74 61.71 33.57 89.62 12320
64.55 35.77 90.46 12622 €4.80 36.05 9265 128.70
67.38 38.09 9341 131.50 67.€0 38.37 95.63 134.00
69.94 4028 9631 136.59 701+ 40.55 98.55 139.10
T2.25 4233 99.16 141.50 7245 42.60 101.42 144.02
74.35 4427 101.96 146.25 74.55 44.53 10423 148.77
76.27 46.10 104.70 150.79 76.46 46.35 106.99 153.34
7802 47.82 107.38 15520 78.21 48.08 109.69 157.76
79.62 4945 110.01 159.46 79.81 49.71 112.33 162.04
81.09 51.00 112.59 163.59 81.27 51.25 114.92 166.17
8244 52.46 115.11 167.58 8262 52.71 117.46 170.17
83.68 53.85 117.58 171.44 83.87 54.10 119.94 174.04
8482 55.18 120.01 175.18 85.01 5542 122.37 177.79
8588 5643 122.38 178.82 86.07 56.67 12476 18143

{ Continued oa p. 60)
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TABLE 1 {continued)

HEAT CAPACITY, ENTHALPY FUNCTION, FREE ENERGY FUNCTION AND ENTROPY

Temp.  P-Fluoronaphikalene f-Chloronaphthalene
CK) Cp (H—Ho) T —(F—Ho)!T S C; (H—Ho)}fT —(F—Ho)|T S
(cal mol~* (cal mol~* (cal mol-} (cal mol-%  (cal mol~* (cal mol-' (cal mol-1 cal
K1 K-1) K1) K" K K- K1 mol-1
K1)
P = 400 atrm
45100 54.26 26.37 75.93 102.30 55.48 2649 77.65 104.14
522.70 59.42 30.56 80.13 110.68 60.30 30.80 81.87 11267
273.15 4333 12.3% 66.17 78.51 47.44 11.08 63.09 79.17
29815 4387 1496 67.36 8232 47.15 14.11 69.19 83.30
30000 1394 15.13 67.46 82.59 47.17 14.32 69.28 83.59
350.00 46.73 19.43 70.12 89.55 48.92 19.11 71.86 90.97
400.00 5038 23.07 72.96 96.03 5198 24.02 74.68 97.70
4500 54.18 26.31 75.87 102.18 5541 26.43 77.59 1¢4.01
500£0 3784 29.28 78.80 108.C8 58.81 29.50 80.53 110.03
55060 61.2% 3204 81.72 11376 €203 3231 83.48 115.79
600060 64.35 340 84.62 11922 65.01 3291 86.40 121.31
65000 67.18 3700 87.48 124.49 67.74 37.33 £9.29 126.63
70000 69.75 39.25 90.31 129.56 70.23 39.60 9214 131.74
75000 7208 41.56 93.69 133.45 72.50 41.72 94.95 136.66
80000 74.21 43.35 95.82 13917 7457 4371 97.71 141.41
85000 76.14 45.22 98.51 143.73 7647 45.58 10041 145.99
90000 77.91 46.99 101.143 148.13 7820 47.34 103.07 15041
95000 7953 48.66 103.73 15239 7979 49.01 105.67 154.68
1CC0CO0 8102 5024 106.27 156.51 8125 50.58 108.23 158.81
105000 8239 51.74 108.75 160.50 8260 52.08 110.73 162.81
1100.00 83.65 53.16 11119 16436 83.3% 53.49 113.19 1€6.68
115000 84.80 5451 113.59 168.10 81.98 54.8¢ 115.59 17043
1200.60 8587 55.80 115.93 171.73 86.03 56.12 117.96 174.07
P = 800 arm
45100 56.6% 2521 7492 100.13 58.62 2495 76.77 101.71
52270 6095 20.82 78.98 108.80 62.32 29.82 8081 110.62
273.15 5404 7.03 66.53 73.56 61.50 405 69.02 73.07
29815 5211 10.88 67.32 78.20 58.03 8.71 69.59 78.30
30000 5202 11.13 67.39 78.52 57.85 9.02 69.64 78.66
35000 51.82 16.92 69.56 86.18 55.65 1578 71.57 8735
400.00 55.79 21.39 72.12 93.51 56.49 20.80 74.02 94.82
45000 561358 25.14 74.87 1C0.01 58.57 2487 76.71 101.58
50000 59.59 2843 77.69 106.12 61.12 28.37 79.52 107.88
550.00 6255 3140 80.5¢ 111.94 63.77 3147 8237 113.83
60000 6536 34.12 83.39 117.51 66.35 34.27 8523 11949
650.00 6798 36.62 8622 12284 638.79 36.83 83.07 124.9¢
700.c0 70.39 3895 89.02 127.97 71.07 39.19 90.89 130.08
75000 7260 41.12 01.78 13290 73.18 41.39 93.67 13505 .
80000 7463 43.15 94.50 137.65 75.13 4343 96.41 139.85
85000 76.50 4506 97.18 14224 76.94 45.36 99.10 144.45
900.00 7821 46.85 99.20 146.66 78.60 47.16 101.74 148.90
950.00 79.79 48.55 102.38 15093 80.13 48.85 104.34 153.19
1000.00 8124 50.15 1¢4.91 155.06 81.54 50.45 106.88 15734
1050.00 2258 51.66 107.50 159.06 8285 51.96 10938 16135
110000 83.81 53.09 109.83 162.93 84.05 53.40 111.83 165.23
1150.00 8495 5445 11222 166,68 85.17 5475 114.24 168.99
1200.00 86.00 55.75 114.57 17031 8620 56.C4 116.60 172.64
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f-Bromonaphthalene B-Todonaphihalene

Cp (H—Ho)[T —(F—Ho)T S Cs (H—Ho)iT —(F—Ho)T S

(cal mol~} (cal molt (cal mol-} (cal mol-1 (cal mol-t  (calmol™ (cal mol-t (cal mol-}
K- K1) K1) K% K K-1) K1) K
55.87 27.09 8026 107.36 56.58 2722 8243 109.65
60.60 31.37 84.57 115.94 61.09 31.56 86.76 118.32
48.31 11.70 70.39 82.09 51.15 1097 72.63 83.61
47.91 14.74 71.55 8629 50.13 1429 73.75 88.04
47.92 14.95 71.64 86.59 50.10 14.51 73.84 88.35
49.52 19.75 7432 94.07 5094 19.62 7648 96.10
52.4€ 23.63 7122 160.86 5344 3.68 79.37 103.05
55.80 2103 8020 10723 56.52 27.16 8236 109.52
59.14 3007 8321 113.28 59.69 30.25 85.39 115.64
62.30 3286 86.21 119.07 62.74 33.07 83.41 121.47
6523 3541 89.18 124.62 65.59 35.66 91.40 127.06
67.91 37.83 92.11 12995 68.23 38.07 94.35 13241
70.36 40.07 95.00 135.07 70.64 40.31 9725 137.56
72.60 3217 97.84 140.00 72.86 42.41 100.10 142.51
74.64 44.13 100.62 14475 7488 4437 102.90 14728
76.51 4598 103.35 14934 76.74 22 105.65 151.87
7822 4728 106.03 153.76 78.44 47.97 103834 156.31
79.79 49.37 108.66 158.03 80.01 49.61 110.98 160.59
8123 5098 111.23 162.16 81.45 51.17 113.57 164.73
8256 5241 113.75 166.16 8277 52.64 116.10 168.74
83.79 53.81 116.22 170.03 83.99 54.04 118.58 172.62
8192 55.13 118.64 173.78 85.12 5537 121.01 176.38
8597 56.40 121.02 17741 86.16 56.63 123.39 180.02
59.05 25.52 79.39 10492 60.33 2538 81.64 107.02
62.65 30.37 83.52 113.88 63.50 30.38 85.76 116.14
62.66 4.56 71.36 7592 67.99 259 74.03 76.62
58.95 926 7197 81.23 63.08 7.85 74.49 82.34
58.75 957 72.03 81.60 62.82 8.19 74.54 82.73
5634 1637 7405 9041 58.95 15.65 7640 9205
57.03 21.39 7657 97.96 58.81 21.03 78.86 99.89
59.01 25.45 79.34 104.78 6029 25.30 81.59 106.89
61.48 28.93 8220 11LI3 6243 28.90 84.44 113.35
64.06 32.00 83.10 117.11 64.80 3206 8735 11941
66.58 34.78 88.01 122.79 67.18 34.89 9026 125.15
6898 37.32 9090 128.21 69.48 3746 93.16 130.62
7121 39.66 93.75 13341 71.64 39.83 96.02 13585
7329 41.84 96.56 138.39 73.67 4202 98.85 140.85
7521 43.86 99.32 143.19 75.55 4305 101.62 145.68
76.98 4576 102.04 14780 7730 4596 104.35 150.31
78.62 47.54 104.71 152.25 78.91 47.74 107.03 154.77
80.13 492 107.32 156.54 80.41 4942 109.66 159.08
81.52 5030 109.39 160.69 81.79 51.01 11223 163.24
81.81 5229 112,40 164.69 8307 52.51 114.76 16726
84.01 53.71 114.87 168.57 8425 5392 117.23 171.16
85.11 - 5505 11729 . 17233 8535 55.26- . 119.66 17492 -
86.13 . 5632 119.66 - 17598 8636 56.54 . 1204 | 17858

{ Continued on p. 62)
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(TABLE 1 (continued)
HEAT CAPACITY, ENTHALPY FUNCTION, FREE EXERGY FUNCTION AND ENTROPY

Temp.  p-Fluoronaphthalene p-Chloronaphthalene
CK) Cp (H—H)!/T —(F—Ho){T S Cp (H—Ho)fT —(F—Ho)[T S
(cal molf— (cal mol-* (cal mol™! (cal molt  (cal mol=' (cal mol™* (cal mol—! cal
K-3) X-1) K-1) x-1) K-1) K-1) K-1) mol-1
X-1)
P = 1600 gz
451.00 61.40 2. 7429 97.17 €4.91 21.86 76.38 98.24
52270 64.01 2833 78.07 10640 66.36 27.84 30.06 107.90
273.13 75.36 —3.60 63.63 65.04 89.89 —10.01 7277 62.26
298.15 &8.57 272 68.61 71.33 79.80 —2.90 71.75 65.67
30000 638.19 3.12 68.63 71.75 79.21 —1.59 71.74 70.16
35000 6200 11.89 69.82 81.71 69.11 9.12 72.36 81.49
400.00 60.61 18.04 71.83 89.86 65.50 16.35 74.08 90.43
45000 §£1.37 »nsgo 7424 0703 £4.00 21.76 7633 08.09
50000 6308 26.73 76.85 103.58 65.74 26.11 78.86 10497
55000 65.18 30.i3 79.56 1069.69 67.23 29.78 81.52 111.30
60000 67.38 33.14 82.31 115346 69.02 3297 84375 11722
65000 6957 3586 85.07 120.94 70.89 35.82 87.01 12282
700.00 71.66 3835 87.82 126.17 72.75 3839 89.76 12814
75000 73.63 40.63 90.55 131.18 7455 40.74 92.49 13323
80000 7549 4275 93.24 135.99 76.26 4291 95.19 138.09
85000 7721 4473 9589 14062 7787 4192 9785 14276
900.00 78.81 46.58 98.59 14508 79.39 46.79 100.47 147.26
95000 3030 4832 101.07 149.38 £0.80 4854 103.05 151.59 -
100000 38i68 4995 i03.59 153.54 82.i2 50.i9 105.58 155.77
1050.00 8295 51.49 166.06 157.55 83.35 51.74 1G8.07 159.80 -
110000 34.14 32.95 108.49 161.44 84.49 53.20 110.51 163.71
115000 8523 5433 110.87 165.20 85.55 51.59 112.90 167.49
1200.00 8625 55.6¢4 113.21 168.85 86.53 55.90 11525 171.15
calculated in the same manner as those for z-halonap 1ithalenes?; that is, the already

calculated® ideal gas state thermodynamic property values of f-halonaphthalenes
were corrected by means of the second virial coefficient expansion of the Rerthelot

equation of state. The resulting difference equations given as the real gas deviation
from the ideal gas state at one atmosphere pressure, are?: *:

2
(H — _r_tr_r=_9__RT [l IS(T‘\]_P 2)
AS 7 1~8 c “ T / J =7
81 / RT3
C-D=2(pr5)P 6)
’ ”oozn\pT?
3
—5=22({RT ) p, RInp @
2\p13/
The frec energy funciion (Table 1) is found by subtraciing eqn (4) and (2). The term

R In P (eqn (4)) however is a correction which must be included to obtain the ideal



B-Bromonaphihalene B8-lodonaphthalene

cs (H—Ho)JT —(F—Ho)T S C» (H—Ho)|T —(F—H)T S
(cal mol-* (cal mol-* (cal mol-! (cal mol1 (cal mal* (calmol* (cal mol! (cal mol—1
K-1) K-1) K-1) K-1) K-1) K-1) K- K-1)
6543 2239 79.03 101.41 67.81 21.69 81.46 103.15
66.74 2836 82.78 111.14 68.31 z8.03 85.14 113.16
91.37 —9.71 74.68 64.98 101.69 —14.16 78.17 61.01
81.02 —1.70 74.20 7250 88.99 —-~5.02 7734 7232
80.42 —1.19 74.19 73.00 88.25 —4.44 77.31 72.87
69.98 9.61 74.88 84.49 74.96 71.72 77.62 85.33
66.17 16.87 76.66 93.54 69.54 15.73 79.20 94.93
65.43 2229 7898 10127 67.82 21.59 814} 103.00
65.16 26.63 81.56 108.19 67.93 26.21 8393 110.14
67.57 30.29 84.27 114.56 68.93 30.04 86.61 116.66
69.29 33.46 87.04 120.51 70.36 33.34 89.37 122,71
71.11 36.29 89.84 126.13 71.98 36.25 92.16 12841
72.92 38.84 92.62 131.46 73.65 38.86 94.94 133.80
74.68 41.17 95 38 136.55 75.30 41.24 9771 13894
76.35 43.32 98.11 141.43 76.89 43.41 100.44 143.85
77.94% 45.31 100.80 146.11 78.42 4543 103.13 148.56
79.42 47.16 103.44 150.60 79.86 47.30 105.78 153.08
30.81 48.90 106.04 154.93 81.21 49.05 108.39 15744
82.11 50.53 108.59 159.11 8248 50.69 11094 161.63
83.32 52.06 111.09 163.15 83.66 52.23 113.45 165.69
83.45 53.51 113.54 167.05 84.77 53.69 115.92 169.61
85.50 54.88 11595 170.83 85.80 55.06 118.34 173.40
86.47 56.17 118.32 174.49 86.76 56.36 120.71 177.07

gas entropy at pressure P, provided that this correction term has not already been
included in the ideal gas S°-expression.

The applicability of the Berthelot state equation expressed through the second
virial coefficient (eqns (2)+(4)) has been in detail discussed by Butler and Lielmezs*
for fluorobenzene; and by McFee and Lielmezs? for xz-halonaphthalenes. Indeed,
similarly to z-halonaphthalenes?; there are no available experimental data for B-
halonaphthalenes; and so the accuracy of the presented results (Tables 1 and 2) and
the range of applicability of eqns (2)(4) must be mostly inferred from the general
considerations. Using the previously discussed error estimation methods?- 2- % it is
found that for f-halonaphthalenes the calculated ideal gas state thermodynamic
functions should be reliable from about 400 to 1000 K; the expected error being well
within & 0.5 to & 29} error range.

The ﬂ-halonaphl.halene critical point parameters (critical tempcrature T. and
critical pressure P_), needed to calculate the real gas thermodynamic properties
(eqns (2)(4)), were approximated to be the same as those of the corresponding
a-halonaphthalene parameters. This assumptior should not introduce too large error
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in the values of B-halonaphthalene critical point parameters since the molecular
weights for a- and f-halonaphthalenes are the same, and the respective measured
boiling point values®- 2 differ less than + 1%. Following the error analysis of McFee
and Lielmezs? for real gas thermodynamic function values of a-halonaphthalenes:
it is suggested that the calculated real gas thermodynamic function values for g-
halonaphthalenes (Tables 1 and 2) should be within an overallerrorrange of + 1-+29%.
This error is expected to hold for all pressures between temperatures from 400 to
1000 K.

NOMENCLATURE

A = angsirom unit

o4 = heat capacity, cal mol~! K~ !

e = entropy unit, cal mol™! K™!

— (F°® — HQ){T = free coergy function, cal mol™* K~

(H® — H)IT = enthalpy function, where H3 = H® at 0 K, cal mol~! K ™!

P = pressure, atm

R = universal gas constant

s° = entropy, €.u.

T = temperature, K

T = molecular symmetry number

v = wave number, cm™ "

Superscript:

° = reference state, referring to the hypothetical state of an ideal gas
at 1 atm.

Subscript:

c = critical state

p = pressure
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