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THERMODYNAMIC FUNCTIONS OF &HALONAPHTHALENES FROM 0.25 
TO 16 ATMOSPHERES 
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(Razei& 22 June 1977) . 

Real _eas thermodynamic functions, Cp S, (H - H&T, and - (F - H&T. 
have beer. calculated for j?-halonaphthaIenes (B - Cl,, H, X, where X = F, Cl, Br, I) 

from O-25 to 16 atm within the temperature range of 273.15 K to 1200 K, correcting 
the thermodynamic property ideal _eas values by means of the Berthelot equation of 

state. 

Previously, McFee and Lielmezs 1 - 2 have calculated the idea1 _gxs state thermo- 
dynamic functions at 1 atm for naphthalzne and 11 halozenated naphthalenes’, and 

the real _a state thermodynamic functions from 0.25 to I6 atm for z-halonaph- 
thalenes’ (z-C, o H, X, where X = F, Cl, Br, 1); both compound series within 273.15 

to 1200 K temperature range. In this work, however, the real _gs stite thermo- 
dynamic functions have been calculated for j%halonaphthalenes c&Cl0 H, X, X = F, 
Cl, Br. I), a&n from 0.25 to 16 atm and within the temperature ranse 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 + bTi CT’ i dT3 -t cp (1) 

where A is the real gas thermodynamic function at temperature T(K)_ The constants 

a, b, c, d and e (eqn (1)) have been obtained using linear least squares curve fitting 
methods3, and are found in Table 2. The molecular structural data needed for 
thermodynamic function calculations, have been presen:ed in Table 3. 

DlSCtSSlON 

The real gas state thermod_ynamic functions of j?-halonaphthalenes were 



Temp_ gnuwollpph1hal. j%Chbmwphrhalem 

(‘K) 
:&noi-~ 

(Ii - Hr,)_m - ( F- Ho)!7 S C, (H- Ho)iT -(F-H&T S 
(ccd nod- 1 (cd md-’ (cd mot-’ (caf md-1 (caI md-1 (caIn~~-~ u7i 

K-‘) K-‘) K-1) K-1) K-1) K-1) K-1) d-1 
K-1) --_- 

P=&25atm 
451.00 5303 
52z70 57-99 
-v3_15 3329 
295.15 36.15 
3aMo X.36 
350.00 4195 
4xLcO :7_1s 
450_00 51.94 
5txJ1;o 5631 
55QM) 60_01 
alo_cn 0x41 
65o.00 66-C 
7OO.co &a_15 
750_00 71.60 
800_00 7381 
s,w_a3 75.8 I 
9OO_OQ 77.63 
950.00 79.30 

IanrxJ so_82 
1050.00 82x1 
I 1cO.00 83.49 
I 15O_CXJ W-67 
1200_00 8576 
P = 05Ourm 

451X0 5218 
52x70 58.08 
273-15 3396 
298-15 36-67 
300.00 :x87 
3_w_co 4227 
4axO 47.39 
45oEo 5aEa 
5cxO 5632 
sso.aJ 60.10 
600.00 63.47 
co.00 66.49 
7w.00 69-19 
750.0 71.63 
aMLo 73.83 
850-N) 75-83 
9Go.aJ 77-65 
95mo 7931 

IcaM 80-83 
1050.00 8222 
lIam0 i35.50 
1150.00 84.68 
1200.00 85.76 

27-47 81.09 10856 5253 2izM 8269 I JO.63 
31.26 85.42 116.67 58.41 31-73 87.09 118.81 
1232 70.04 87.36 34.17 17.68 71-43 89.10 
18-78 71.62 90.40 3694 IR17 73.04 9x1 
18.89 71.74 90.63 37.15 19.28 73.16 9244 
‘I.79 74.87 96.66 4262 2223 7635 98.58 
24.G 77.97 102&O 47.75 25.10 73.51 JM.61 
27-4 I 81.03 108_* 5244 27s 8263 II051 
:).08 84.05 J 14-14 56.65 3056 85.70 J 16.26 
3263 87-04 119_68 60.41 33.10 88.74 121-8-Z 
35_06 89.99 125.05 63.76 35.52 9X.72 J 27.2: 
37.36 9288 130.2+ 66.75 37.81 Pi.66 13247 
3953 95.73 13527 69.44 39.97 97.54 13751 
4159 98.53 i40_12 71-86 4202 iOO.37 14239 
43.5-c 101.28 I+?_82 7:_cE I:_95 JO:_14 147.10 
45.38 103.97 149.35 76.03 45.73 105.86 151.65 
47.12 106.62 153.74 77.83 47.51 108.53 1566.04 
48-77 JO921 157.98 i9.48 49.15 III.14 160.30 
,X33 ill.75 16209 80.98 50.71 113.70 lM.41 
51.82 114.24 166.06 8z36 5LJ8 J 1621 168_40 
5323 116-69 169.92 83.63 53.58 1 I S-67 17x26 
5457 I19xJ8 173.66 8480 x92 121_08 I76.00 
55.85 in_43 17728 85.88 56.18 123-45 J 79.63 

27.39 79.73 107.13 5273 27.84 
31-21 81.05 I1526 58.54 31.67 
I&99 6x77 85.76 35.05 J7_24 
1842 m-33 ss_85 37.62 18-W 
I&# 70-44 89-08 37-82 1895 
21-63 733 95.17 43.04 2202 
24.53 76.62 101.16 48x4 24.97 
2735 79-67 107_01 5264 27.79 
30-03 8269 11272 Xi9 30.48 
3259 85.65 118.17 6052 33.05 
35.03 HI-62 123.65 63B 35.48 
37.33 91.51 12885 66.82 37.78 
39.52 94.36 133.88 69.49 39.95 
:I_58 97.16 138.74 71.90 4200 
4352 9991 X43-43 74x8 :3.94 
4537 IO260 J 47-97 76-05 45.77 
47-I I IO524 ISUS 7785 4x50 
48.76 107.83 156.60 793 49.14 
50.33 110s 160.70 81-m 50.70 
51.81 11287 i&L68 8238 5218 
53.23 I J5.31 163.54 8356 5358 
5457 117.71 1722 84.81 5491 
55.85 120_06 175.90 85.89 56.1s 

81.34 
85.73 
70.19 
71.77 
7189 
75.02 
78.18 
8128 
85.35 

EE 
93xJ 
96.17 
99.00 

JO]_77 
104.49 
107-15 
109.77 
112.33 
114.84 
117xJ 
119.71 

JZ2G7 

109.19 
117_40 
87.43 
90.61 
90.84 
97.07 

103.14 
109.07 
J 14.83 
Jrn_43 
12584 
131.07 
136.12 
141.00 
145.71 
15026 
154.&s 
158.91 
163.03 
167.01 
170s 
174.62 
17825 
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201 mu,-1 
(H- HaMT -(F-Ho)~~---- G (H-HOW -(F-H&T S 
(d d-1 (cd d-’ (Cdl?d-’ (caf m-A-’ (Cal nwi-’ (Cal moP (Cal nwkl 

K-1) K-l) K-1) K-1) K-1) K-1) K-1) K-1) 

5288 2856 
58.68 32.31 
34.85 18.38 
37-56 19-88 
37.76 19.99 
43.12 2291 
48.17 25.76 
52.79 28.51 
56.94 31.15 
60-65 33.67 
63.96 36.05 
66.91 38.32 
69.56 40.46 
7i.95 4248 
74_10 44.39 
76.06 4619 
77.84 47.90 
79.47 49.52 
80.% 51.06 
8232 5251 
83.58 53.90 
w-74 5521 
85-8 1 56.47 

8530 
98.79 
73.70 
7537 
75.49 
78.80 

EZ 
88.38 
91.46 
94.50 
97.47 

loo.39 
103.25 
106.06 
108.80 
111.49 
114.12 
I 16.70 
11923 
El_71 
124.13 
12651 

113.86 53.07 28-95 87-38 116-33 
12209 58.84 3267 91.92 124.58 
9208 3535 18.82 75-56 9438 
9525 37-98 20.32 77_28 97.59 
95A8 38.18 m-43 77.40 97.83 

101.71 43.43 23.34 80.77 104-i 1 
io7.80 48.41 26.17 84.07 J JO24 
113.74 5299 22.90 87.3 I 116.21 
119.53 57.11 31.52 90.49 12201 
125.13 6o.sO 34.01 93-62 127.63 
13055 tX10 36.39 96.68 133.06 
J 35.79 67.05 38.63 99.68 138.31 
140.85 69.70 40.76 JO262 143.38 
145-73 7269 4277 10550 14827 
J50_44 7-c!5 a.67 10832 i53.m 
J 5499 7621 46.47 lli.oQ 157.56 
159.39 78.00 48.17 113.79 161.97 
163.65 79.63 49.79 J 16x4 16623 
167.76 81.12 51.32 Il9.03 170.35 
171.74 8249 stn 121.57 17434 
175.60 83.75 54.15 124Bfi 17821 
17935 84.91 55.46 JZ6.50 18196 
18297 8598 56.7 i 128.88 18559 

53.08 x46 83.95 11242 53.31 28.84 86.04 114.87 
58.81 3224 88.43 120.67 589Q 3259 96.56 123.16 
35.75 1794 7247 So.40 36.40 18.30 73.46 9266 
38.25 1954 74-l 1 93.64 38.79 19.92 36.03 9595 
38.44 19_65 7423 93.88 3897 20.03 76.15 96.19 
43.55 2270 77.49 100.19 43.93 23.09 79.47 10257 
48.46 25.62 80.71 106.33 48.75 26.00 8275 108.75 
5299 28.41 83.89 11230 53.22 28.78 85.97 I 14.75 
57.09 31.08 87.02 118.10 57-28 31.43 89.14 120.57 
60.76 33.61 90.10 123.72 60.93 33.95 9226 12621 
64.04 36.01 93.13 129.15 6420 3634 95.32 131-65 
6698 382 96.11 134-39 67.13 38.60 98.3 I 336-91 
69.62 40.43 99.02 139-45 69.77 40.73 JO125 14158 
71.99 4246 101.88 144.34 7214 4275 104.13 J46.88 
74.14 4437 104.68 149.05 74zQ 44.65 10695 151.60 
76-09 46-18 107-43 153.61 70-25 46.45 109.71 156.17 
7727 47-89 1 JO-12 lSS_Ol 78-03 48-16 11242 J6ns8 
79.49 49.5 1 11275 16226 79.66 49.78 115.07 164.84 
8Q.9z 51.05 115.33 166.X 81.15 51.31 J 17.66 16897 
82x 5251 117.86 If036 8251 52.76 12020 J72.96 
83.60 53.49 12033 17Kz2 83.77 54-14 12268 176.83 
84-75 55li 12275 177.96 8492 55.46 125.12 18058 
85.82 56.46 125.13 181.59 85.99 56.71 JZ7.51 184.21 

(conrinuai on p. 58) 



Ti?mp. ?4=ihwanaphrhahze $-Ch~orotraphrhalene 

(‘K) c, (H--Ho)!7 -(F-ffo)_!T S 
(cafmol-' (caffnol-' (calnzci-1 (calm7f-1 
K-‘) K-') K-1) K-‘) K-‘) K-1) K-1) Id- 

K-1) 

P = IDOaim 
:5 1.00 5247 
5~70 59.28 
27115 3530 
298.15 37.69 
3OO.m 37.88 
35Om 4291 
4m_OO 47.82 
4dY).m 52139 
500.00 56.53 
5509.cO 20.26 
600.00 63.60 
650-m 66.59 
7CO.CO 6927 
75O.CO 7 1.69 
ECO_GO 73.S9 
SZQKO 75.88 
9GO_CO 77.69 
9_m_m 5?.1: 

IancO SO.86 
1050.co S225 
I1cOxO s3.52 
I 150_(Y) Ski0 
1200.00 85-78 
P = 2Walm 

451_00 53.07 
5zLio 58.66 
273.15 37.98 
298-15 3975 
30O.CO 39kO 
3dY)Bo 44.18 
400.00 48.67 
45mO 5299 
500.00 56.97 
550-O 00.59 
600-m 63-85 
6-V_tX 66-78 
XIOAHI 69-43 
f_Y).!m 71 x2 
Sam0 7399 
850_00 75-97 
900-00 77-76 
950.00 79-41 

1oamO SO.91 
1050xKJ 8L?3 
1100.00 8356 
1150.00 s-73 
12fna.J SKSJ 

‘725 78.50 
31.12 82.7 I 
16.32 67_62 
18.01 69.12 
18.14 69.23 
21.32 i2_27 
24-32 75.3 I 
27.19 78.% 
29.92 81.;5 
3251 IX.32 
34.97 87.26 
37.29 90.15 
39.58 93m 
41.55 95.79 
43_- _Q 98.53 
45_35 1013’; 
47-m 103X7 
48.71 lC6_46 
,v)32 109.00 
51.60 III-49 
5322 113.94 
54.56 11633 
55-S-Z I IS.68 

26.96 77 19 
30.93 SJ:39 
15.cO 66.67 
16-99 68.07 
17.14 68.18 
20.69 71.09 
23.90 74.07 
26.90 77.06 
29.71 8o_(u 
336 83.00 
3ts5 85.92 
37.19 SS.80 
39-40 91xX 
41.49 94A3 
43-G 97.17 
4531 99.86 
:7_06 1022 
48.72 JO5.09 
5029 107.63 
51.78 1 IO.12 
5x20 113 
54-55 J 14.96 
5583 117-31 

105_65 53.12 27.65 so-03 107.68 
I 13s2 58.79 31.54 84.39 11593 

93-s 36-92 I636 6!LJJ 85.46 
87.13 38.98 IS.16 70.62 88.78 
87.37 39.15 18.29 '70.73 89.02 
93.58 43.88 21-61 73.80 95.41 
99.64 48Au 24.69 76.89 101.58 

105.5-s 53.03 27-59 79.97 107.56 
111.27 57.08 30.34 83.03 I J 3.36 
116.8-t co.73 32% 86-03 I 18.98 
122.23 64.01 35-m 89.01 124.40 
127SJ 66.95 37-X 91.93 129.65 
13247 69.60 39.90 94.81 lU.71 
137.34 71.99 41.96 97.63 139.59 
14203 74_15 4390 !oOAO 144.31 
14657 76.1 I 45.74 103.12 14s.86 
150_% 77.90 47.48 105.78 153.26 
15521 i9.54 49.13 108.39 157_52 
159.32 81AM 5oA8 J I O-95 161.64 
163.30 S241 5216 113.46 165.63 
167-15 83.67 53-5-I J 15.92 169-49 
I io_89 S4m 54.90 118.33 17323 
174.52 85.91 56-13 120_70 176.87 

KM.08 53.90 27.26 
I 12.32 5929 31.30 
81.67 40-36 14.60 
85.07 41-71 16.81 
85.32 41.83 16.97 
91.7s 45.56 20.77 
97.97 59.73 24.13 

103.96 53.82 2721 
109.75 57.66 30.06 
I 15.35 61.17 3273 
120.77 643 35.24 
126x0 6721 37-59 
13J_cM 69.81 3980 
135.92 7216 41.88 
140.62 7429 43s 
145.17 76.23 45.69 
149.56 78-00 47.43 
153.81 79.62 49.09 
157.92 81.11 50.65 
161.90 8247 5213 
165.76 83-73 53-s 
169so sass 5188 
173.13 85-95 56.15 

78.77 
83.09 
68.31 
69.68 
69-79 
72.70 
75-69 
78.71 
81.73 
S4_72 

z-z 
93.46 
%L?S 
99x4 

101.76 
Jot.42 
1071)s 
109s9 
11209 
11435 
116% 
119.3z 

106m 
11439 

SL91 
86-49 
86.75 
93.47 
99.82 

10x92 
111.79 
I 17-45 
12z91 
125.18 
13326 
138.16 
14zSS 
147.44 
iSIB 
156-J 1 
1txL24 
16423 
168d.m 
171-84 
175AS 
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p-k3&EOp~lh~~~~ 

cu W-HO)!7 -(F-H&T S CP (H- Ho)/7 -(F- Ho)/7 S 
(cd mot1 (Cal atoP (cat mol-’ (Cal moP (Cal mof-’ (cat mot x (Cal mob (caf moi-’ 
K-1) K-1) K-1) K-l) K-‘) K-1) K-l) K-I) 

53-47 2S_z7 
59.06 3212 
37-g 17-05 
39.63 18.85 
39.79 18.98 
44_40 2228 
49.03 25.33 
53.39 28.21 
57.38 30.93 
60.98 33.50 
64.21 35.93 
67.11 38.22 
69-72 40.33 
72.08 42.41 
74.21 44-u 
76.15 46.15 
77.92 47.87 
79.53 49.49 
81.01 51.03 
S2.37 5249 
83.62 53.88 
a.78 55zo 
85.81 56-45 

54.27 27.88 
59.57 31.87 
41.13 1526 
4L39 17-48 
4250 17.63 
46.iO 21A3 
50.17 24.77 
54-19 27m 
57.97 30.65 
61-42 33.B 
64.55 3x77 
67.38 38.09 
69-W 4028 
72.25 433 
74.35 4427 
76.27 46.10 
78.02 47x2 
79-62 49.45 
81.09 51.00 
82A4 5246 
83.68 53x5 
84-82 55.18 
85s 56-43 

s-64 1 1091 53.78 38.60 m-73 113.33 
87.09 119.21 59.29 3244 89.23 121.68 
‘il.38 88.43 38-51 1725 73.33 90.58 
7295 91.80 40.41 19.1 I 74.92 94.03 
73.07 92.05 40.56 19.24 75.04 94.28 
3625 98.53 44.93 22.60 78.26 100.86 
79.43 ICI.76 49.42 25.67 81.48 107.15 
8258 1 JO-79 53.69 28.55 84.67 113.22 
85.69 116-62 57.63 31.26 87.82 119.08 
88.76 12227 61.19 33.82 9092 J 244.75 
91.58 127.71 64.40 36.24 93.97 130.21 
94.75 I 32.97 67.29 38.52 %.96 J 35.48 
97.66 138.(31 69.89 40.67 99.89 140.56 

100.52 142.93 7225 42.70 102-77 145.47 
103.32 147.65 74.38 44.61 10559 15020 
106.06 153 71 76.32 46.42 108.35 1-27 

108.75 J56.L 78.09 48.13 111.05 159.18 
111.38 160.87 79.71 49.75 113.70 163.45 
113-96 16499 81-19 51.29 11629 16737 
I 16.48 168.97 8255 52.74 118.82 171.57 
1115.96 172.84 83.80 5;1.13 121.31 Ii544 
121-38 176.58 a.95 55-44 123.75 179-19 
123.76 ISo_ 86-02 56.70 126.13 18283 

81.39 109.26 5x71 28.14 
85.79 117.66 59.89 32.15 
70.59 85.86 42.72 15.16 
7203 8951 43.65 17.50 
7214 89.77 43.74 17.66 
75.15 96.58 46.93 21.60 
7x23 103.00 50.76 25.01 
81.33 109.14 54.64 28.09 
M-41 115_05 58-3 1 3093 
87-45 I m-74 61.71 33-57 
90.46 I2633 64.80 36.05 
93.4 1 131.50 67-H) 38.37 
9631 13659 7O.L 40.55 
99.16 141.50 7245 4260 

10196 14623 74.55 44.53 
IO4.70 150.79 76.46 46.35 
107.38 15520 78.21 48.08 
1 IO_01 159.46 79.81 49-71 
11259 163.59 81.27 51.25 
115.11 I 67.58 8262 5271 
11758 171.44 83.87 54-10 
120.01 1755.18 85.01 55-42 
12238 17882 S6M 566.67 

83-50 111.65 
87.95 120.10 
7264 87.79 
74.07 91.57 
74.18 91.84 
77.21 98.8 I 
80.32 105.32 
83.44 111.53 
84.55 117.48 
89.62 I2320 
9265 128_70 
95.63 134_00 
98.55 139.10 

101.42 144.02 
lcM23 148-77 
10699 J 53.34 
109.69 J57.76 
11233 J62B4 
J 14.92 166.17 
117.46 170.17 
119.9J 174.04 
12237 177.79 
12476 181A3 



TABLE I (canlinrud/ 

HEAT CAPACXN, EXiALPY FUSCI-IGS. FREE ESXRGY FLXCTIOS ASD ESTROPY 

Tcmp /Wibronuphih&tu @XhiororwphrhaIene -- 
(‘K) CP W--He)!7 --i(F-ii&‘7 S C, (U- Ho);T - f F- Ho)/T S 

(cd d-l (cal nwhl &al mob (ca! mol-’ (cai molvl (cd d-L ica~mui-’ cai 

K-1) K-1) K-1) K-l) K-1) K-‘) K-1) m&l 
K-1) 

P=J.fXJarm 
451.00 54.26 
522.70 59.42 
273_ 15 43.33 
_w_i5 43-87 
300.00 -$3-W 
3_w_oo 46-73 
4tM_w _W.38 
4,w_cO 54.18 
sco_co 57.w 

55Q.GO 6ia2-J 
6wal M.35 
650_00 67.18 
7O0_OO 69-x 
75O.OO 72O8 
8OO.M) 74.21 
85O_m 76.14 
9clO_oo 77.91 
950.00 79.53 

ianal 81.02 
1050.00 82.39 
1100_00 83.65 
115c_OO 84_s0 
I2fxJA.B 85.87 

P=8fklarm 

451.00 56.6% 

59370 60.95 

273.15 wm 
38_15 5211 
3OO.OO 5202 
3,xkal 5 1.82 
4OO.a.l 53.79 
45OXKI 56-58 
500.00 59.59 
550.0 h’,5 
6oo_cO 65.36 
65CUlO 61.98 
7aux 7039 
75O_OO n60 
8CUMlO 74.63 
85O.00 76.50 
9OO.00 7821 
95wBO 79-79 

JOWBO 8124 
iO5O.OO SZ58 
I iOO110 83.81 
Jl5O_W a.95 
J200.00 86.00 

26-37 75.93 
30.56 80.13 
17,s 66.17 
IA% 67.36 
15.13 67.46 
19.43 70.12 
23.07 72.96 
26.3 I 75.87 
s-28 issO 
32cu 81.72 
u.co 8-J-62 
37.00 87-48 
39.25 90.3 I 
41.36 93xX 
43.35 95.52 
45 3’ 
46:;; 

98.5 I 
101.14 

48.66 103.73 

5024 x06.27 

51-71 108-75 

53.16 111.19 
,sci I I 13-59 
55.80 I 15.93 

2521 74.92 
29.82 78.98 

7.03 66.53 
IO.88 67.32 
11.13 67.39 
16.92 69.56 
2139 T, i- 
‘z-. 14 7zG 
28.43 77.69 
31&J 80.53 
a-12 83.39 
36.62 8622 
38-95 89.01 
41.12 91.78 
43.15 943 
45B6 97-18 
46.85 99.80 
48.55 IO238 
5O.15 JCK9J 
51.66 JO7AO 
53.09 109.83 
54.4s 11222 
s5.75 J 1457 

J02.30 55.48 26-49 77.65 1044.14 
I IO.68 60.30 30.80 81.87 11267 
78.51 47.44 II.08 68.09 79-17 
8132 47.15 14.11 69.19 83.30 
8259 47-17 14.32 69.28 8359 
89.55 48.92 19.1 J 71.86 90.97 
96.03 5198 24.02 74.68 97-70 

10218 55.41 26.43 77.59 IcJ.01 
108.CS 58.81 2950 80.53 J J 0.03 
I 13-76 tlO3 3231 8:.48 115.79 
11922 65.01 s-91 86.4O 121.31 
J 24-49 67-74 37.33 8929 126.63 
12956 70.23 39.60 9L14 131.74 
J 3.45 72.50 41 .I2 W25 136.66 
139-17 7457 43.71 97.71 141.41 
143.73 76.47 45.58 I00AJ 14599 
148.13 7820 47-34 103.07 Is-41 
15239 7919 49.01 105.67 154.68 
i 56.5 I 8J3c 50.58 IO823 158.81 
160-50 8260 5208 1 IO.73 16281 
16436 83.84 53.49 J 13.19 166& 
168.10 84.98 54.84 115.59 J 70.43 
171.73 86.03 56.12 J17_% J74O7 

100.13 
108.80 

73.56 
782O 
78.52 
86.48 
93-5 J 

iCQ.01 
106.12 

JJ1.W 
11751 
1”8( 
127-97 
J 3290 
J 37.65 
14224 
146.66 
I 500.93 
J 55.06 
J59.06 
J 6293 
J66_68 
170-31 

58-62 24.95 76-77 
6232 29x2 80.81 
61-59 4-05 69.02 
58.03 8.71 69.59 
57-85 9-02 69-a 
55.65 15_78 7157 
56-49 2tuO 74.02 
5857 24-87 76.71 
61.12 28.37 79.52 
63.77 31.47 8237 
66.35 34.27 8523 
68.79 X.83 88.07 
71.07 39.19 9089 
73.18 41-39 93.67 
75.13 43-44 9641 
76-g 45.36 99.10 
78-60 47-16 101.74 
m-13 43-85 iO4.u 
8154 50.15 106.88 
82.85 5126 JtB.38 
84-05 53-40 11183 
85-17 54.75 I1424 
862O 56.W J 16.60 

101.71 
J JO.62 

73.07 
78.30 
78.64 
8735 
w-82 

101.58 
JO7-88 
113.83 
119-49 
124.90 
J3OD8 
135-05 
J 39-85 
144.45 
14890 
J53.19 
15734 
16J.35 
165% 
168.99 
17164 , 
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55.87 
60.60 
48.31 
47.9 J 
47.92 
4952 
52.46 
55.80 
59-14 

6523 
67.91 
70.36 
7260 
74-64 
76.51 
7822 
79.79 
8123 
82.56 
83.79 
&La 
8527 

59-05 
62.65 
62.66 
58.95 
58.75 
5634 
57.03 
59.01 
61.48 
64.06 
66.58 
6898 
7121 
7329 
7551 
76.98 
78.62 
80.13 
81.52 
81.81 
&Lo1 
85.11 
86.13 

27.09 8026 107.36 5658 2722 8243 109.65 
3137 8457 J 15.94 61.09 3156 86.76 118.32 
11.70 70.39 8209 51.15 JO.97 7261 83.61 
14.74 71 JS 8629 50.13 1429 73.75 88.M 
1495 71.64 86-59 50.10 14.51 73.84 88.35 
J 9-75 7432 94.07 5094 19.62 76.48 %.I0 
23.64 7722 JG0.86 53.44 23.68 79.37 J 03.05 
27.03 80-20 10723 5652 27-16 8236 109.52 
30117 8321 113.28 59.69 3025 85.139 115.64 
3286 8621 119.07 6274 33.07 88.41 121.47 
35.41 89.18 124.62 65.59 35.66 9J.40 127.06 
37.83 92-11 J w-95 68.23 38.07 w-35 13241 
40.07 95.# 135.07 70.64 40.31 9725 137.56 
42.17 97.84 J40.00 7286 4241 JqO.10 14251 
44.13 100.62 144.75 74.88 44.37 10290 14728 
45-98 103.35 14934 76.74 4622 105.65 151.87 
4728 J 06.03 J 53.76 78.44 4.97 108.34 156.31 
49.37 108-66 158.03 80.01 49.61 11098 16059 
5098 11123 16216 81.45 51-17 113.57 164.73 
52-41 J 13.75 166.16 8277 52.64 J 16.10 168.74 
53.81 J 16.22 J 70.03 83.99 S4.04 118.58 J72m62 
5x13 11s.a 173.78 85.12 5537 J2JwOJ 176.38 
56.40 121B2 lT7.41 8616 56.63 123.39 x8Om 

25.52 79-39 10492 
30.37 83.52 113_88 

456 71.36 75.92 
926 7197 8123 
957 7203 81&O 

1637 74-05 9oAJ 
21.39 7657 97.% 
25.45 79.34 I#.78 
28.93 822 111.13 
32.m 85.10 117.11 
u.78 88.01 12279 
37-32 9090 12X21 
39.66 93.75 133.41 
4184 9656 138.39 
43.86 99.32 143.19 
45.76 JO204 147-80 
47-s 104.71 15225 
4922 JOT32 lS654 
SOS0 109.89 160.69 
5229 11240 164.69 
53.71 J 1487 16857 

- 55.oS J 17.29 172.33 

60.33 
63.50 
67.99 
63.08 
6282 
5895 
58%1 
ax29 
6243 
64.80 
67.18 
69.48 
71.64 
73.67 
7555 
7730 
78.91 
m-41 
81.79 
83-07 
8425 
a35 
8636 

25-38 
30.38 

2J9 
7.85 
8.19 

15.65 
21.03 
25.30 
28.90 
3206 
34.89 
37.46 
39-83 
4202 
44D5 
4596 
47.74 
49.42 
51.01 
53J 
53.92 

81.64 
85.76 
74.03 
74.49 
74.54 
76.40 
78.86 
81.59 

EG 
9026 
93.16 

z: 
101-62 
104-35 
107-03 
109_66 
11223 
114-76 
JJ7.23 

5526~ 119.66 
5654 12204 

107.02 
1i6.14 

76.62 
8231 
8273 
9205 
99.89 

106.89 
113.35 
J 19-41 
125.15 
130.62 
13585 
14085 
X45-68 
13-31 
154.77 
159-08 
XL24 
16726 
171.16 
17492 

119.66. 17598 . . 17858 : 
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Temp- &ffwmna.phfhaiene &Chhronnphfhalene 

(‘K) (W-Hoj,!T -<F-Ho)/7 S &d-~ kdmoP’ 
G <If--wo)IT --fF-fiojfl S 

kd mot-’ &II nd-’ (cd rmi-1 (Cal Jmd-’ hdntol-1 
K-E) K-l) K-1) K-1) K-1) K-1) K-1) s-1 

K-1) 

P = 161x) arm 
45J.GO 6IAG 
53370 6a.01 
273.15 75.46 
298.15 58.57 
3oc_oo 68.19 
350.00 6200 
4GO.00 60.61 
45OBO 6137 
,XlC_OG 63.08 
55O.OG 655.18 
6GO_cO 67-38 
650.00 69-57 
7amO 71_66 
750.00 73.63 
8GOm 75.49 
85G_OG 7721 
9GG.00 78.81 
95O_aJ so.30 

looo_GG 81.68 
J050.00 8x95 
J1W.W 84.14 
1 IsO_ M-23 
12oo.w 8625 

2288 
2833 
-3.60 

272 
3.12 

11.89 
IS.04 
3980 
26.73 
30.13 
33.14 
35.86 
3835 
40.63 
42-75 
44.73 
46.58 
48.32 
49.95 
51-49 
52.95 
Lx.33 
55.64 

7429 
78.07 
68.64 
68.61 
68-63 
69.82 
71.83 
74-2-s 
76.85 
79.56 
82.31 
85.07 

::z 
93.M 
95.89 
98.50 

101.07 
103.59 
106.06 
108.49 
1 JO.87 
JJ3_21 

97.17 64.91 2J.86 76.38 98.24 
IO&40 66.36 27.81 80.06 JG7.90 

65_01 89.89 --IO_01 7227 6226 
71.33 79.80 -290 71.75 69.67 
71.75 7921 -1.59 71.74 70.16 
81.71 69.11 9-12 7Z36 81-49 
89.86 65.50 16.35 74.08 90.43 
97.03 6mO 21-76 76633 98-09 

103.58 65.74 26.1 J 78.86 mu7 
JG9.69 67.23 29.78 81.52 IJ1.30 
115.46 69.02 3297 Hz5 11722 
120% 70.69 35x2 87.01 12282 
126.17 72-75 3839 89-76 J28_14 
131.18 7455 40.74 9249 13323 
135.99 7626 4291 95.19 138.09 
140.62 77.87 44.92 97.85 14276 
145.08 79.39 46.79 loo.47 147.26 
149.3s 80x0 4854 J 03.05 151.59 
153.54 82.12 50.19 105.58 155.77 
J 57.55 83.35 51.74 J G8.07 159.80 
161.44 H-49 53.20 110.51 163.71 
165.20 85.55 54.59 lJ2.90 167.49 
168.85 86.53 55.90 115.25 171.15 

calculated in the same manner as those for z-halonaphthalenes2; that is, the already 

calculated ideal 2s state thermodynamic property values of /?-halonaphthaienes 

were corrected by means of the second virial coeflkient exgxansion of the Berthelot 

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

(H - H?jT= &F [I - 18 (+)2] P 
c 

(3) 

The fret: energy function (Table 1) is found by subtracting eqn (4) and (2)_ The term 

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



@-Bromonaphthalene +Zo&naphtha!ene 

&rd-~ 
(w--uo)IT -_(F-HOI/~. S 

2i d-1 

(H-Ha)jT -(F-Ha)jT S 
(ad d-1 (cai moF (Cd Jd-’ (C&t?&- (Cd mui-’ (Cazmop 

K-1) K-1) K-‘) K-1) K-1) K-1) K-1) K-1) 

65.43 22_39 79.03 
66.74 28.36 8278 
91.37 -9.71 74.68 
81.02 -I_70 74.20 
SO.42 -1.19 74.19 
69.98 9.61 74.88 
66.17 16.87 76.66 
65.43 22W 78.98 
66.16 26.63 81.56 
67.57 30.29 84.27 
69.29 33.46 87.04 
71.11 36.29 89.84 
72.92 38.s4 92.62 
74.68 41.17 95 38 
76.35 43.32 98.11 
77.95 45.31 100.80 
79.42 47-16 103.44 
80.81 48.90 106_CM 
82.11 50.53 108.59 
83.32 5206 111.09 
s4.45 53.51 113.54 
8550 54.88 115.95 
86-47 56.17 J 18.32 

101.41 67-81 21.69 
111.14 68.31 28.03 

64.98 101.69 - IS.16 
7.uO 8899 -502 
73.00 88.25 -4.44 
84.49 74.96 7.72 
93.54 69.54 15.73 

lOJz7 67.82 2159 
Ja8.19 67-93 2621 
114.56 6x93 30.04 
J20.51 70.36 33.34 
126.13 7198 3625 
131.46 73.65 38.86 
136.55 75.30 41.24 
141.43 76.89 43-41 
J46.11 78.42 45.43 
15OAO 79.86 47.30 
15493 8121 49.05 
159.11 8248 SO-69 
163.15 83.66 52.23 
167.05 84.77 53.69 
170-83 85_80 55.06 
174.49 86.76 56.36 

81.46 
85.14 
78.17 
7734 
77.3J 
77.62 
79.20 
SJAJ 
8393 
86.61 
89.37 
9216 

zz 
ml_44 
103.13 
J 05.78 
10839 
J 1094 
J 13.45 
115.92 
I IS-34 
120.71 

103.15 
113-16 

64.01 
7232 

iz 
94.93 

103.00 
J JO.14 
1 J6.66 
122.71 
128.41 
J 33.80 
138.94 
143-85 
148.56 
153.08 
J 57.44 
161.63 
165.69 
169.61 
s73.40 

177.07 

,eas entropy at pressure P, provided that this correction term has not already been 

included in thz ideal _eas S”-expression_ 

The applicability of the Berthelot state equation expressed tbroug.. tbe second 
virial coefficient (eqns (2x4)) has been in detail discussed by Butler and LielmezP 
for fluorobenzene; and by McFee and Lieimea’ for z-haionaphthalenes. Indeed, 
similarly to cr-halonaphthalenes *; there are no available experimental data for /?- 
halonaphthalenes; and so the accuracy of the presented results (Tables 1 and 2) and 
the range of applicability of eqns (2x4) must be mostly inferred from the general 
considerations. Using the previously discussed error estimation methods’* 2g 4, it is 
found that for fl-halonaphthzdenes the calculated ideal _ea state thermodynamic 
functions should be reliable from about 400 to loo0 K; the expc+d error being ~$1 
within & 0.5 to + 2% error range. 

The &halonaphthalene critical point parameters (critical temperature T, and 
critical pressure PJ, needed to cakuIate the real gas thermodynamic properties 
(eqns (2)-(4)), were approximated to be the same as those of the correspo;iding 
sr-halonaphthalene parameters. This assumptioc should not i&duke to6 I&& error 
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in the values of &halonaphthaiene critical point parameters since the molecular 
weights for II- and B_halonaphthalencs arc the same, and the respective mcasurcd 
boiling point values xv * differ less than f 1 OA. Following the error analysis of McFee - 
and Lielmezs2 for real _gs thermodynamic function values of a-hafonaphthalenes; 
it is suggested that the calculated real _ga thermodynamic function values for j3- 

halonaphthalenes (Tables 1 and 2) should be within an overall error range of +. 1-k 2 %_ 
This error is expected to hold for a!1 pressures between temperatures from 400 to 

(Ho - G).!T 

P 

R 
so 
7 

T 
V 

Superscript: 
0 

angstrom unit 
heat capacity, cai mol- I K- I 
entropy unit, cal mol-’ K- * 
fire enera function, cal mol- ’ K- x 

enthalpy function, where H,O Ho at 0 K, cal mol- * K-r 
pressure, atm 
universal gas constant 
entropy, e-u. 
temjxxatur~ K 
molecular symmetry number 
wave number, cm-’ 

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

critical state 

pressure 

4 J- B- Butler and J. LicImes. Zkrmdim. km. 9 (I 974) 359. 


