
THERMODYNAMIC FUNCTIONS OF z-HALONAPHTHALENES FROM 
0.25 TO 16 ATMOSPHERES 

ABSTRACT 

Real gas thermodynamic functions, C, S, (H - H,,)/T, and - (F - H,,)jT, 

have been calculated for a-halonaphthalene (C,,J-I,X, where X = F, Cl, Br, I) 

from 0.25 to 16 atm within the temperature range of 273.15 to 1200 K correcting the 
thermodynamic property idcal gas values by means of the Berthelot equation of state, 

In previous work, McFcc and Lielmczs’ have calculated the thermodynamic 

functions of naphthalene and 11 haIogenated naphthalenes in the ideal -gas state 
from 273-15 to 1200 K at I atm pressure. In this work, using the ideal gas state 
thermodynamic property values of a-halonaphthalenes (z-C IOH7X, X = F* Br, Cl, I) 
as obtained by McFec and Lietmezs’, and correcting these values by means of the 

Berthelot equation of state, the real gas thermodynamic properties of the four z- 
halonaphthalenes have been calculated*fmm 0.25 to 16 atm within the temperature 
range bf 273. I5 to 1200 K. (Table 1). 

The results presented in Table 1 were fitted to five constant polynominai of the 
form: 

A=U ;bT+cT2idT’ic~ (1) 

where n is the real gas thermodynamic function at temperature T(K)_ The constants 
u, 6; c, d and e (Equation 1) were obtained usin g linear least squares cu”e fitting 

methods2 and are found in Table 2, The molecular structural data needed for thermo- 
dynamic fuxtion calculations are found in Table 3. 

DlSCtJSlO?c 

It is well known that at high pressures and Iow temperatures interms!+xuiar 
force effects may contribute greatly to deviations from the ideal gas law: 

PV= RT-’ (21 



TABLE 1 

cdtcamvrmphrhafc~e a-CMoronophhhe 

::1 Id-- 
(H - ffo).!T - (F- ffo):T S (H-HOYT -(F-HOW S 
(cd rnd-1 (Cal moW (caI tnoi-’ ;&?w,-~ (cd Rwl-’ (cd nd-’ (caI 

K-1) K-l) K-‘) K-‘) K-l) K-1) K-I) d-1 
K-1) 

P=OIrntnr 

451.00 51.60 
522.70 57.63 
273.15 3268 
W8.15 35.56 
300.00 35.77 
3_5cl_cm 41.41 
acme 46-69 
450.30 51.51 
500.00 55.82 
550.00 59.68 
6amO 63.11 
65CkfXl 66.17 
7m.al 68.92 
750.00 71.39 
XIO_CMl 73.62 
85o_al 75.64 
900.00 77.48 
9-W.CHl 79.16 

loomo SO.69 
1Oxml 83-09 
11oO_m 8338 
1150.00 S4.57 
1200.00 85.66 

P = OJoarm 

451.00 51.74 
5r,io 57.72 
273.15 33.34 
298.15 36.07 
300.00 36.27 
350.00 41.72 
4amo 46.90 
450.00 51.65 
5uO.00 55.93 
550.00 59.76 
66o_Ly) 63.17 
65o.m 66” 
700.00 68.96 
750.00 71.42 
Sam0 73.64 
850.00 75.66 
900.00 77.50 
950.00 79.17 

loao.~ SC.70 
105o.m S2Jl 
1100.00 8339 
1150.m S45S 
1200.00 85.67 

27.03 SO.51 107.53 52.47 27.98 828s 1 IO.86 
30.82 84.77 11559 58.36 31.76 si-28 119.04 
16.5 69.67 86.61 34.12 17.79 71.58 89.37 

18.3S 71.22 89.59 36.SS 19.27 73.20 9247 
IS.48 71.53 89.81 37.m 19.38 73.32 9270 
21.36 74.40 95.76 4254 22.30 76.53 98.83 
2.eo 77.4: 101.63 47.68 25.16 79.69 104.85 
26.97 So.45 107.42 5238 27.93 82.82 110.74 
29.65 83.43 113.07 56.60 30.59 85.90 I 16.49 
3’, 86.37 1185S 60.36 33.13 88.93 lz.06 
ssa 8928 123.92 c3.72 3rza 91.92 127.46 
36.95 9214 129.09 Ci& Ii 3 lx? 94.86 132.68 
39- 14 94.% lP.10 69.41 39.99 97.74 137.72 
4121 97.73 138.!M 71.8-1 4203 100.57 142.60 
43.16 100.46 143.62 74.02 43.96 103.34 147.31 
45.01 103.13 148.14 76.0 I 45.79 106.06 151.85 
46.77 105.75 15252 77.82 47.52 1 cS.73 156.25 
4x43 108.33 156.75 79.46 49.16 111.34 160.50 
50.00 110.85 160.85 So.97 50.71 113.91 164.62 
51.30 113.33 164.83 S2.35 5219 I 16.42 168.60 
5292 115.76 168.68 83.62 53.59 I IS.88 17246 
54.27 118.14 17241 81.79 53.92 121.29 176.21 
55.56 120.48 176.03 85.87 _s_19 123.65 179x4 

26.95 79.15 106.11 5266 27.88 
30.78 83.41 114.1s 58.49 31.69 
16.61 68.40 85.01 35.00 J 7.35 
18.13 iB.92 88.05 37.56 18.94 
1824 70.03 88.27 37.75 19.05 
21.20 73.07 wt.27 42% 2210 
24.10 76.09 loo.19 4797 25.02 
r-90 79.09 105.99 52 58 27.83 
29.59 8207 111.66 56.74 30.52 
3216 85.01 117.17 60.47 33.07 
11.61 87.91 122.52 63.81 3550 
36.93 90.77 127.70 66.79 37.79 
39.12 93.95 13’71 69.47 39.96 
41.19 96.36 137.55 71.88 4201 
43.15 99.08 143 74-06 4395 
45.00 JO1 -76 146.76 76.04 45.78 
46.76 JOUS 151.14 77.84 47.51 
4SA2 10635 X55.37 79.48 49.15 
,yIMl 109.47 159.47 80.99 50.70 
51.49 111.95 163.44 8237 52-18 
5291 114.38 167.29 83.64 53.58 
5i27 1 i 6.76 171.03 84.40 54.91 
5555 119.10 174.65 85.88 56.18 

81.53 
85.92 
70.35 
71.93 
7205 
75.22 
78.36 
81.47 

:z 
9Ok6 
93.49 
%.37 
9920 

101.97 
104.69 
107.36 
109.97 
11253 
115.04 
11750 
11991 
12228 

109.42 
117.62 
87.69 
90.87 
91.10 
97.31 

103.35 
109.30 
115.06 
120.65 
126_05 
131.28 
136.33 
141.21 
145.92 
J50.47 
154.84 
159.12 
16323 
167.22 
171.08 
174.82 
178.46 
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5281 28.58 
58-63 3232 
34.76 IS.48 
37-46 19.96 
37.66 2m6 
43.02 ZZ% 
48-m 25.79 
52.72 28.53 
S6_89 31.16 
60.62 33.67 
6324 36.06 
6622 38.32 
6959 40.46 
7129 424s 
74.16 44*40 
76.14 462I 
77-93 4722 
79.57 49s 
81.07 51 _os 
8244 5254 
83.71 53.93 
84m 552s 
85.94 MS1 

S3.00 
58.76 
35.65 
38.15 
38.34 
43.45 
48.37 
Sz92 
57.04 

z-g 
66.99 
69.64 
7203 
7420 
76-17 
77.96 
7959 
81.09 
82.46 
83.72 
84s8 
8595 

28.49 
3-a 
18-03 
IL61 
19-73 
2275 
2s_65 
28.43 
31_09 
33.62 
36_a2 
3829 
40.43 
4246 
4438 
46.19 
47_9I 
4953 
SIB7 
52s4 
53.93 
5525 
5650 

855u 
8929 
73.87 
7555 
75.68 
7829 

85.44 
8858 
PL67 
94.70 
43.68 

100*60 
103_46 
106-26 
109_01 
I11.70 
114.33 
116.91 
I i9.G 
12122 
x24.34 
126.12 

s&15 

zz 
7429 
74-4 I 
77_68 
8021 

:I 
90.31 
9334 
96.31 
9923 

fozo9 
IoQs9 
ltn.63 
I la.32 
112% 
11554 
118_06 
12055 
133 
I2535 

f 14_u8 53.03 2S_95 81153 
32230 58.82 3266 92m 
9235 3x25 18.88 7x71 
9551 37.88 20.36 77.42 
95.74 38.08 zu.47 T7.55 

lOI_ 43.31 X3-36 8022 
icRLo3 48.35 26.m s4a3 
1 f3.97 5224 28.90 87.47 
Il9.74 S7B8 3XJ2 90&S 
t2S.34 60-79 34Oi 93.79 
130.76 64_Q9 36.38 9683 
136.00 67-05 38-63 99.83 
141_06 69.71 40-76 1027s 
14524 72_10 4277 105.66 
IS&66 7426 44.67 m3.48 
15521 762.2 46257 tllsz4 
159.65 78.01 48.17 1 I 3.95 
163-87 79.64 49.79 116.59 
16mlO 81.14 51.32: IZ9.f9 
1?L98 8250 z.77 3121.73 
l7S_85 83.76 44.15 124_21 
n9xa S4.92 55.46 126.65 
18323 85-99 56.731 129.@t 

1126s 
12088 
W.67 
93.90 
9&14 

loo.43 
10656 
ti2S2 
la31 
123.93 
EL35 
I34_60 
139.66 
144s 
149.27 
153.83. 
IS&23 
M2_49 
166.61 
17oAo 
174.47 
178121 
ISLS5 

5326 

zz 

EE 
43:s 
48.69 
53.18 
5725 
60.92 
64.19 
6?.13 
69.77 
7215 
7430 
7626 
78-04 
79.67 
b1.16 
8252 
83.78 
s4_94 
aim 

28.84 
3259 
18.36 
I9.% 
2!o_oS 
23.12 
26m 
28.7s 
31-43 
33.95 
36.34 
3859 
40.73 
4x74 
44.65 
46.45 
4S.16 
49.78 
5131 
Z&-f6 
54.14 
55_46 
56.71 

86.19 
9a72 
74sa 
76.18 
76.30 
79.63 
S2.m 
S6.13 

Et 
9x47 
98.47 

101.4i 
104_29 
107.11 
109.81 
1 f257 
SE22 
117.81 
1m.35 
122s 
x?s27 

. 127& 

116.49 
124.74 

E-z *_ 
9&2 

IO&29 
1 fO.40 
I 16.37 
x?z_17 
l,r.78 
133.22 
138.47 
1435;3 
hfSA3 
153_15 
157.7r 
162t12 
166.38 
1msI 
t74.50 
17836 
18211 
185.75 

115.03 
123_3i 

9m6 
%.14 
%_38 

102_74 
10822 
11491 
120.73 
126.36 
131.8I 
I 37-06 
142.14 
147-03 
IS1 -76 
156.32 
160.73 
16.5.al 
169.12 
173.11 
17698 
180.73 
r&L37 
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TABLE 1 (amtinueii) 

7-rITIp. a-I%torotraphtkktu a-CMolvMphlhaklu 

WI c, (H- HaXT -(F-H&T S cm (H- HdT -_(F-HOYT S 
(Cal Id-1 (Cal meal-1 (Cal mol-’ (Cal n&d-z (cd nwl-’ (cnlnd-’ (ad mot1 (c5l 
K-1) K-1) K-l) K-l) K-1) K-1) K-1) md-’ 

K-1) 

P = 1.W attn 
451_00 5204 
52270 n-91 
273-15 U.67 
298.15 37.08 
3m.00 37.27 
350.00 4235 
4axoo 47.33 
45aoo 5195 
500.00 56.15 
s_w_m 59-92 
600.00 63.30 
65OM) 66.32 
7mm 69-04 
75omG 71x3 

scKmo 73-70 
850.00 7511 
9awO 7-i-53 
95aw 79-W 

lmO_oO 8033 
105Om 8213 
1100.00 83.41 
11xmo &t&o 
1200.00 ssh9 

P=L#atm 

451.00 5x62 
52z70 5829 
27x15 37.31 
298_15 39.12 
3QO.m 3926 
350.00 43.61 
4umO 4x17 
45aoo 5254 
500.00 56.53 
550.00 6024 
600.00 63-s 
ci,y)_oo 66-52 
700_00 69-19 
75OXlO 71.61 
smoo 73.80 
85O_UI 75.79 
900_00 77.61 
95aoo 79.27 

1ooo.00 so.78 
IO5C_CXJ XL18 
11mOo 83.46 
115Om c-63 
12maO 85.72 

26.81 77_82 MM.63 53_06 2iA9 
30.68 820s 11274 58.74 3157 
15-95 67X 83-19 36.77 16.47 
17-62 68.71 86.33 3892 18.26 
17.7: 68.82 86.56 39.09 18.39 
20.89 71.79 9269 43.80 21.68 
23.89 74.78 98.67 48.53 24.74 
26-x 77.76 1ws1 5297 27.64 
W-49 80.72 1 I021 57.03 3038 
3209 83.65 115.74 60.69 3297 
3455 86.55 121.10 63.97 35.42 
36.88 89-41 12629 66.92 37.73 
39.08 9223 33:30 69.57 39.91 
41.16 9a.39 136.15 71-96 41-97 
43.13 97-71 Maw 74.13 4391 
4493 loo_35 145.37 76.10 457.5 
46.74 103.00 149.75 77.89 47.49 
4SAl 105.58 153.98 79-53 49.13 
49.99 108.10 15s.09 81.03 50.69 
51.48 110.5s 16206 8240 5217 
5291 113.00 165.91 83.66 53s 
W26 115.39 169-s M.83 54.90 
55-55 117-72 17327 85_sO 56.17 

26-52 
3050 
14.64 
16-61 
16.75 
W27 
2x48 
26.47 
292% 
31.93 
34-43 
36.78 
39-01 
41-10 
43AM3 
d424 

$1;; 

49.% 
51A6 

5289 
5424 
5553 

76.53 103.06 
80.7: 11124 
66.29 8093 
67-66 84-28 
67.76 s4.52 
70.62 90.89 
7x4 97-01 
76.47 1tXEM 
79-41 108.69 
8233 114.25 
85.21 119.64 
88.06 124.85 
90-87 129.88 
93.63 1 u-73 
%35 139-43 
99-m 143_% 

101.64 14835 
104.21 152.59 
106.73 156.69 
10920 160-67 
111.63 161.52 
1 MO1 16826 
11635 17188 

53.M 
5924 
40.31 
4I_bl 
41.76 
45.49 
49.66 
53.76 
57.61 
61.12 
tx.31 
67-18 
69-78 
7214 
74-r 
7621 

E 
8l:IO 

it: 

27.31 
31.32 
14.71 
1691 
17.06 
20.85 
24.19 
27-25 
3Oa9 
32.76 
3526 
37.60 
39.81 
41.89 
4385 
45.69 
47-4-a 
49.09 

ZKi 
5354 
5488 
56.15 

8022 
84-59 
6926 
70.78 
70.89 
7395 
77m 
80.16 
83.21 

:z 
9213 

95.01 
97.83 

1aMO 
103.32 
105.99 
lcts.60 
111_16 
113.67 
116.13 
11854 
120.90 

7896 
8329 
68-46 
69.84 
69.95 
7287 
75.88 
7890 
81-92 
w.92 
57.88 
90.79 
93.66 
96.48 

*iz 
lc4.62 
107.23 
109.79 
113 
114.75 
117-16 
11953 

10791 
116.16 
8513 
89.04 

EZ 
lOi 
107.79 
113.59 
119a 
124.62 
129.86 
134.92 
I39.80 
14452 
149.07 
153.47 
157.73 
161.84 
165.83 
169.69 
173.44 
177_07 

ltXi27 
114-61 
83.17 
86.75 
87.01 
93.72 

1oOa6 
106.15 
11202 
117.67 
123.13 
12839 
133.47 
138.37 
143xB 
147-65 
15206 
15632 
160.44 
164.43 
168.30 

:zi 
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a-BrorrnmaphUuzk~ a-loabtmphdia~ene 

;:I mol-’ 
(H- H.s)JT -(F- Ha)IT S 

(Cal nwl- I (caI moi-’ (cal mol-1 FaI nwl-’ 
W-HOYT -_(F--HOYT S 
(cd mot (CaI mol-1 (Cal nwkl 

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

53Ao 28-w 8284 
59m 3213 8729 
37.45 17.14 7156 
39.53 1 S-93 73-13 
39.69 19.06 7325 
44_30 2233 76.44 
4S.94 25.37 79.62 
53.32 9s23 S278 
57.33 30.95 85.89 
60.95 33.51 SS_% 
64-20 35.94 91.98 
67.12 3822 94.95 
69.75 40.3S 97.86 
72.12 42.42 lOO.i2 
7427 44-35 103.52 
7623 46.16 10626 
78.01 47.88 IO8S5 
79.63 49.51 111.58 
81_12 51.06 114.16 
82.49 5252 116.69 
83.75 53.91 119.17 
84.90 55.24 121.59 
85.97 56-49 12397 

5420 
5953 
41.04 
4229 
42Ao 
46.00 
SOBS 
54.12 
5791 
61.39 
64.55 

67.39 
69.96 
7x29 
74_41 
7634 
78.11 
79-72 
81-20 

E 
Si95 
S6m 

27.90 
31.88 
15.36 
17-56 
17.71 
21.49 
24.80 
27-M 
30.66 
33.30 
35.77 
38.10 
4028 
4234 

2: 
4784 
49.47 
51.02 
5249 
53.89 
5521 
s6AS 

81.59 109.49 54.67 28.15 83.66 111-81 
8599 P 17.87 59.87 3215 88.11 12026 
70.77 86.12 4262 15.21 7278 87.99 
7221 89-77 43.55 1755 7422 91-76 
7232 90.03 43.64 I7.71 74.33 92.03 
75.34 %.S2 46.85 2S -63 77.36 9S.99 
78.43 10323 50.70 25.02 SO_47 105.49 
81.53 109.37 54.59 28.09 83.60 111.69 
S4.61 115_27 5828 3093 86.71 117-63 
87.65 120-95 61 A9 33.57 89.78 123.35 
90.66 126.43 64.79 36.04 92.81 128.85 
93.61 131.71 67.60 38.37 95.78 134.15 
%52 136.80 70.15 40.55 98.71 13926 
99.37 141.71 7245 4260 101.58 144.18 

lOZ16 14&W 74.55 4453 104.39 148892 
I(#90 151.01 76.47 4635 lci7.14 153.50 
10759 155-43 7822 48.08 109A34 15792 
110.22 159.69 79.82 49.71 112.49 162.19 
1 lZ80 163.82 8129 5iz5 115.07 166.32 
115.32 167.82 8263 52.71 117.61 17032 
117_80 171.68 83.88 54.10 120_10 17420 
12022 175A4 85.02 55.42 12253 17795 
12260 17907 86.08 56.68 1x91 18159 - 

111.13 53.73 
119.42 5927 
88.70 38.40 
9206 40.31 

z-z 
104.99 

E-z 
49:36 

111.01 53.65 
116.M 57.60 
122.47 61.17 
127.92 a-39 
133.18 67.29 
138.25 69.89 
143.14 72.25 
147x7 7439 
152.43 76-33 
156.84 78.10 
161.iO 79.72 
16522 8120 
149-21 82% 
173.08 83.81 
176.83 S-G.96 
1 So.47 86.03 

28.61 8Js9 113-m 
3244 89.39 121.83 
17.31 73.47 W-78 
19.16 75.06 94x2 
19.29 75.18 94.47 
2262 78.41 101.03 
25.68 81.63 107.31 
28.55 84.83 113.38 
31-26 87.98 139.24 _ 
33.82 91.08 124.90 
36.24 94.12 130.36 
38.52 97.12 135.63 
40.67 loo.05 140.72 
4270 10292 145.62 
44.61 105-74 15035 
46-42 10850 151.92 
48.13 11120 15934 
49.75 113.55 163.60 
5129 116.44 167.73 
5274 llS_98 171.72 
54-13 121.46 175-59 
55.44 123.90 1’79.35 
56.70 12629 18298 



Temp. a-Fi!kaororq7hfhaktu a-Chlorona@h&ne 

(KZ G (W--Ho)jT -(F-l?o)jT S G (Ii-ffo)jT -(F-Ho)jT S 
(CalmoF (CalmoF (mlmol-1 (all fml-1 (CaInlot-1 (ml JmF (calm&’ 
K-1) K-1) K-1) K-1) K-1) K-1) K-1) sd-l 

K-1) 

P=-#_WCUm 

451 Ro 53m 

snm 59.04 
273.15 420 
W&15 43.18 
3lncul 4326 
350_00 46.12 
400_00 49-85 
4sOm 53.72 
_w)_oo 57.4-s 
550_00 60.89 
6aIm fxas 
650_00 6691 
icmm 69.51 
750.00 71.87 
soo_cm 74.01 

850.00 7597 
900_00 77.76 

95Osm 79.39 
1000_00 So.89 
105O_aI !iE27 
1100.00 8354 
I 150_00 s&70 

12OO_m 85.78 
P == 81x) arm 
45130 56.15 
522_70 6055 
273.15 53.18 
2Y8.15 51-32 
300.00 51_24 
350.00 51.15 
4mm 5322 
4sam 56.09 
_xn.oO 59.17 
550_00 6219 
6CNMM 65.05 
650.00 67.69 
ial_ 70.14 
750_00 7238 
soom 74.43 
550.00 76.32 
swxoo 78_05 
95Om 79_& 

1aIom 81.11 
1050_00 su6 

1 !mm 83-70 
115aoO MS 
12aIm 8591 

2595 75.u 10129 
30.13 79-47 109.61 
1202 65.78 77.79 
14.60 66.94 81-S 
14.78 67.03 81.81 
19.03 69.64 88.67 
2265 7242 95_07 
25.89 7518 101-17 
zs.86 78.16 107.02 
31.62 81.05 11266 
34.19 83.91 118.10 
36.60 86-7: 123.34 
38.86 89.54 128.39 
40.9s 9229 ‘33L27 
4z9s 95.00 137.98 
44x6 97.66 14252 
46-a 100.25 146.92 
48.32 1028J 151.17 
49.91 105.36 15528 
51-42 107.83 15926 
5285 I1026 163.11 
5421 Ii264 166-85 
5551 1149s 170_48 

24so 7:.33 
W-40 78.33 
6.77 66-12 

10.57 66.88 
1O.st 66.95 
1655 69.07 
2039 71.58 
24.73 7427 
28.02 77.05 
3099 79.86 
33.71 8268 
362.2 85.48 
3856 8825 
40.74 90.98 
4278 93.68 
44.70 %.33 
4651 98-w 
4821 lOlJ0 
49s2 ltM_Ol 
513 106.48 
5278 lO820 
54.15 11128 
55.45 113.61 

9x13 
107.73 

ET2 
77-m 
85.62 
9257 
99.00 

105.07 
110.85 
116.39 
121.70 
lzri.81 
131.72 
136.46 
141.03 
145.44 
149.71 
153-83 
157.82 
161.68 
165.43 
169AE 

55.4 1 

Z$ 
47:cs 
47.10 
48.85 
5191 
5535 
58.76 
6129 
6w8 
67.71 
7020 
72.48 
74.55 
76.45 
78.19 
79.7s 
81.24 
8229 
83-83 

E:E 

2633 
30.83 
1120 
14.21 
MS1 
19.18 
23AJ8 
26-47 
ws3 
3233 
3493 
3735 
39.61 
41.73 
43.71 
45.58 
47.35 
49.01 
50.59 
5208 
53-50 

CiEi 

55.56 24.99 
6227 29-M 
613 4-16 
Iv_97 8.81 
57.78 9.11 
55.58 15.85 
56-42 20.85 
58.51 2491 
61.07 28.40 
63.72 31-49 
66.31 34J8 
68.76 36.84 
71.04 3921 
73.16 41.40 
75.12 43.45 
7692 45.36 
7858 47-16 
30.12 48.86 
8153 5oA6 
8284 5197 
84.04 53_40 
85-16 X76 
Sk19 56.04 

77.84 

~~ 
69.35 
69.44 
7zw 
74.86 
77-m 
so.73 
83.67 
86_60 
89-49 

Z:::: 
97.91 

100.61 
103.27 
105.87 
108.43 
110-93 
113.39 
115.80 
118.16 

7696 
81.00 
69.17 
69.75 
69.80 
71.75 
7420 
76.90 
79.71 

85.42 

zig 
93187 
96.61 
99.30 

10194 
104.54 
lO?_CB 
10939 
112m 
1 M-44 
1 l&80 

10437 
11290 
79.43 
83.56 
8:.85 
9122 
97-93 

104.25 
11025 
116.01 
12153 
126.83 
131.95 
136.87 
141.62 
146.20 
150.62 
154.8Y 
158.02 
163.01 
166.89 
170.6c 
17428 

101.94 
110.85 
7334 
78.56 
78.92 
87.60 
95.06 

101.81 
108.11 
114-05 
119.71 
125.11 
130.29 
135.27 
140.05 
144.66 
149.11 
153.40 
15754 
161.55 
16!M4 
J6930 
17284 
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a-BrormmphHkzIeru u-IodonaphrhaItvu 

~almol-~ 

(H--Wa)jT -(F-Ho),‘T S 

:** frml-1 
<Ii- HOYT -tF-Jio)/T S 

(ud d-1 (Cal REC+~ (cat moP (cd md-x (cai nz~l-~ (COI t?wk’ 

K-1) K-1) K-1) K-1) K-I) K-1) K-1) K-1) 

55.SO 27.11 so_46 107.58 5654 27.23 8258 109.81 
-55 31.38 84.78 116.15 61.07 3156 86.92 118.48 
4821 11.79 7056 8235 51.04 11.03 7278 83.81 
47.81 14.82 7113 86.55 50.03 14.33 73.90 8823 
47.82 15.02 71.82 86.85 50.00 14-5s 73.99 88.54 
49.42 19.80 7451 w.31 50-85 19.64 76.63 9627 
5237 23.68 77.42 lOI_ 53.38 23.69 7953 10333 
55.73 27.05 SO.40 107.15 56.48 27.16 8252 109.68 
59.0s 3os!Y 83-41 113-50 59.66 3025 85.54 115.80 
4227 3287 86.4 1 11928 62.72 33.07 88.56 121.63 
6521 35-44 89.38 124.83 65.58 35.66 91-55 12721 
6792 37.81 9232 130.1s 6822 38.06 w.50 13257 
70.39 4um 95.20 135.2s 70.65 40.31 97.41 137.71 
72.64 42.17 98.04 1w.21 72.86 4240 10026 14266 
74.50 44.14 loo.83 144.97 74.89 44.37 103.06 147.43 
76.58 46.cnl 103.56 149.55 76.75 45.22 105.81 15203 
78.31 47.7: 106.2: 153.98 78.45 47.97 108.50 156.46 
79.89 49.40 lOS.86 15826 80.02 49.61 111.13 160.75 
81.34 50.96 111.44 16239 81.46 51-17 113.72 164.89 
8268 52.44 113.96 166.zo 8278 52.64 11625 168.90 
8391 53.81 I 16-43 17027 84.00 54.cu 118.73 17’77 
85.05 55-17 118.85 174.03 85.13 55-37 121.17 17653 
86.10 56.44 12123 177.67 86.18 56.63 123.55 180.18 

58.95 25.5d 
62.60 30.38 
6257 4.66 
xS4 9.34 
58.65 9.64 
56.24 16.42 
56.91 21.42 
58.54 25.47 
61.42 28.94 
&CO2 3201 
66.57 34.78 
68.98 37.32 
71.24 39.67 
73.33 41.84 
75.27 43.87 
77.06 45.77 
78-71 4756 
So.23 49.24 
81.63 5o_s2 
8293 5232 
81.13 53.74 
8524 ssm 
86.27 5636 

59.59 105.14 6028 25.38 
83.72 114.09 63.48 30.38 
7154 76.19 67.89 265 
72.15 81.49 6298 7.89 
72.21 81.86 62.72 823 
?4.24 90.66 58.86 15.68 
76-77 98.19 58.75 21.04 
79.54 105.01 60.24 25.31 
824Q 111.34 6241 28.90 
85.31 117-32 64.19 3206 
8821 323.00 67.17 34.88 
91.10 128.42 69.48 37.46 
93.95 133.62 71.65 39.82 
%.76 138.61 73.68 4201 
99.53 143.40 7556 44.05 

102.25 148.02 77.31 45.96 
lcw91 15247 7892 47.74 
107.53 156.77 SO.42 49.43 
llO_lO 16092 8180 51-01 
11261 164.93 83.08 5251 
115.08 168.82 8126 5392 
117-B 17z5S 85.36 5527 
119.87 17623 86.37 s-54 

81 SO 107.18 
85.92 116.30 
74.17 76.82 
74.64 8253 
74.69 8292 
76.55 92.23 
79.01 100.05 
81.74 137-05 
84.60 113.50 
87.51 i19s6 
90.42 125.30 
93.31 130.77 
96.18 136.00 
99.00 I41 -01 

101.78 145.83 
104.51 150.46 
107.18 15493 
lO!XSl 159.24 
11239 163_40 
11491 167.42 
117.39 171.31 
119-81 l75_dg 
12219 178.74 

(ConGhued on p. 451 
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TABLE I (corm-nedI 

TeJYIp_ cl-FiaofonaphIha~er~ c-ch~romphfhakne __-- 
IK) CP (H-H&T -(F- Ho);P S CP (H-Ho),“T -(F-H&T S 

(ca1 d-l (Cal md- s (Cal fnoPr (Cal mol-1 (cd nwl-: (calm&’ (Cal rnoP1 (cai 
K-1) K-1) K-l) K-1) K-1) K-l) K-1) tEOk1 

K-1) 

P = 1400 aim 
451_(r) 60_85 
5Z?~i0 63.57 
273.15 7-1.33 
29S.15 67JS 
3#3_OO 6711 
X100.00 61.21 
Jc;lo.OO 59-96 
4_50_00 60.82 
_w)_cO 62_61 
sac0 6&x 
ooO.00 67.t.X 
650-M 69-26 
7am.l 71.39 
750_00 73-40 
Sam0 75_2?3 
s50.00 77.02 
Qoo_oo 7Is.a 
95Om so_15 

lanaI 91% 
1 o-wm 52.53 
1100.00 84.02 
1150.co 85.13 
IXKMO 86.16 

22.50 73.65 
27.93 ‘T7.4 ! 

-3-73 68-19 
3.51 6S.14 
t-9 1 68-16 

11.59 69.30 
17.68 71-27 
3741 

z3-l 

73.63 
7620 

29.73 7s_xS 
3275 Sl.C4I 
35-47 8-1.33 
37.96 87.05 
4026 89.X 
4239 9z4 1 
44.35 95.0s 
46.13 97.63 
47-98 lcO.IS 
49.62 10268 
51.17 105.14 
52-64 107.56 
54.03 l(i9.93 
55.35 112.26 

96.18 em35 21.90 76-n 
105.X 66.31 27-87 8025 
64.46 ti9.84 -9.90 7243 
70.65 79.73 -1.99 71.92 
71.07 79.15 -1.49 71.91 
80.89 69.03 9.20 12.z.4 
88.95 65.43 16.41 74.27 
96.05 64.85 ‘1.80 76.52 

lOz5t 65.68 26.14 79.05 
IOS_61 67-19 29.50 81.72 
114.x 65.98 32 99 MA5 
119.So 70.86 35.83 8721 
125.01 72.73 38.40 89.96 
130.00 7453 40.75 9269 
13-a-SO ?624 4291 9539 
139.42 77-86 41.92 98.05 
143.87 79-37 46.79 100.67 
14!3-16 ED-79 4SsJs 103.25 
152.31 8211 50.19 1 OS-78 
156.32 83.X 51.74 108.27 
16020 81_48 53-m 1 IO.71 
163.96 85J-1 5159 113.11 
167.60 86-53 55.90 115.46 

98.47 
1as.12 
6253 
69.93 
70-42 
81.74 
90.67 
98.33 

105.19 
Ill52 
117.44 
123.01 
US.36 
X33.44 
13530 
142-97 
147.47 
lSl_SO 
15597 
160.01 
163-91 
167.69 
17135 

for one mole of ,ps. Indeed, it may well be assumed that the associating gas molerJlcs 

may form dimers, trimers and higher order clusters. On association, the nun5ber of 
efF&tive particles changes, and the rotational de_- of freedom of each individual 
molecule in an associated group are reduced, in turn reducing the entropy of the 
system_ This then causes deviation from the ideal _gas law (cqn (2)) and explains why 
the ideal =“a~ thermodynamic property formulae derived, assuming that gz consists 
of individual non-interacting particles, do not suffice in case of the real _a_ 

Assuming that this molecular interaction is caused principally by the molecular 
Van der Waalr forces; then, for low pressures it is possible to approximate this 
association - cluster formation by the second term virial expansion of eqn (2) as: 

PY= RTi BT (3) 

where 8 = B(T) and is the second virial coefhcient. Due to the lack of input data for 
intermolecuhr potentials (such as Lennard-Jones; or Stockmayer) of halogenated 
naphthalenes, it is not possible to use eqn (3) directly to describe the real _a behaviour 
of z-halonaphthaIenes_ Noting the successful application of &nhelot state equation 



a-Bronmmphthdme u-Io&MphtWem 

CP (H--Ho)/7 -(F-ffo)jT S -- ?f, w-Uo)!T -(I;-Ho]jT s 
(cnfmoi-1 (cdmol-' (d?XfOf-' (calnwi-' (cdmoi-1 
K-l) K-l) K-1) K-1) K--X) 

65.36 
66.70 
912.8 

EE 
69.89 
46.08 
65.36 
66-10 
67-9 
69-28 
71.11 
72.95 
7-t-72 
76.4 I 
78.01 
79-51 
SO9 1 
sz22 
83_44 
812.57 
85.63 
86.61 

22.41 
2837 

-9.51 
-1.62 
-1.11 

9-66 
16.91 
22-31 
26-65 
3029 
33.47 
3629 
38.85 
41-18 
43.33 
45.32 
47-1s 
4392 
50.55 
52.09 
53s4 
5491 
56-21 

7923 

:: 
74.38 
74.37 
75.07 
76.86 
7w8 
81-76 
w-47 
8725 
90.04 
9283 
95zi9 
9831 

f 01 .Oo 
103-u 
10624 
108.79 
111.30 
113.75 
116-17 
118.53 

IO1.63 67-77 21.70 81.61 10331 
111.35 6x28 28.03 8529 113.32 
65.24 101.58 -14.11 78.31 6421 
7X76 88.89 -4.98 77-49 772 
13.26 88.15 -4.40 77.46 73.06 
84.73 74-88 7.74 77-n 85.51 
93.77 69.48 15.74 79.36 95.10 

101.49 67J8 21_59 SE-56 103-16 
108.40 67-90 2621 8J.09 110.30 
114.77 68.91 3osM 86.77 I !6.81 
1 xk.72 io.35 33.34 89.53 EL87 
12633 71.98 36.25 9231 Izsx, 
131.67 73.65 38.86 95.lC I33_% 
136.77 53_30 41.23 97.86 139.09 
141.64 7690 43.41 loo.59 144.00 
146.32 78.43 45.43 103.2s 14851 
1 MC!33 79x7 47.30 105.94 153-24 
155.16 8122 49.05 m?.sI 157.59 
159-35 83,9 50.69 111.10 161-79 
163.39 83.67 52.23 113.61 165.84 
16730 84.78 53.69 i 16.07 169.76 
171.08 85.81 55.06 118.49 173.55 
174.74 86.77 56.36 120.86 177.23 

to fiuorobenzenc thermodynamic property calculatiorP, this simple, two constant, 
state equation was used also for this work, As a matter of fact, the second viriai 

coefficient (eqn (3)) may be expressed through Berthefot’s equation of state as: 

B =g.s[l_6(+y] (4) 

where the gas constant R = 82.06 cc atm K’ I, and the other quantities are _in corn- 
patible units. The differenazs between the ideal gas thermodynamic functions (state 
equation PV = RT) and the real zils thermodynamic properties (state Gefined by 
eqn (3); valid for moderate pressures up ta I6 atm) can be obtained through the 
application of the following equation set (5) which relates P-V-T properties of the 
gas to the desired *-hermodynamic functions: 



I_. _“l . . . ..“_._ ..rn.. . . .._. __“____._.:“.!!.~__. ..__. _...c!.!Z. ,._ ,... . . . K!!.Y ..I_.. __. ._.!!.. I. _, . . _. . ...“.. 2 “/II.____. rr:!!.‘, . . . . “. I _, .l! ~!!1.__._... ..?!!‘I’._ 
OS25 -.I292167 0,205Ol -' O,l67!Nl 0.63601 -~~0,77730 OJ2017 059795 

Oi7406 
0,117R4 =.*0,34599 0,12697 

OS0 -Y,0932H 0,lH974 ~-o,l3995 0.11132 ..-.O,l 1564 . al,23521 *. 0,021HS -.0,23389 009396 
l,oo -n2,81658 on15921 -0,08395 -~o.o3tlM I,20759 v-4,34612 O.H2631 -~0,30124 '~~O,oo967 0102792 
2,oo 9,64575 0,09H15 O,OZHDS -0J3661 3,H5351 --IO,50754 1,1307x -0.H5999 0.43873 =~0,10413 
4,oo 34,63226 =-0,02397 0,25207 --2,73406 9.14647 -*23,01054 I,73973 =~=l,977sl 1.33556 --on36825 
R,oo 84,6056I .=~0*26822 0,7ool2 --~6,12H93 IY.73217 .-.47.H974H 2,95770 m-4,21269 3,12933 **0,89652 
lG,oo lIl4S5oo -=0,75670 In59616 ==I 3.51826 40,90237 .-97066557 5,39322 -=8,6L1205 6.71593 --I,95276 
-_.-Y.~=-.I_~~_-.__.I~II_---..1.I.I.- ..l....ll. -".._..-,. . . . .._ -..” ..-_.... _... .._. ..._...._l...a.-... . . . . . . . . . . . . . . . ..~.. . . . , . . . . . . . . . . . . . . . . . .._ . . . . ,.,__.._r.._ 

- (I? _* IM)lT s I..” ,__Y..-_.I..-..._I-I-_-_.. _I., .-...1.,-1.. . . , . . . . .- _._._ .._“.,,._. ,,. . . ..I._.. I.8 I . . . . . . . . . . . . . . . . . . . . . . . ..l_U_C..... ..I...._. . . _,._.... . ..1..... . . . 
II 1) x 10 (’ x 10” d x IO’ I’ x IO” n b CX 10’ dx 111’ E x 10’0 

7% 

__..._.v-11.1 _I._._..-.,.._ -1.1.. .-_ . . . . . . . . . ...“” .-.. . . ..“_1..._.. . .,.. -, .l.~..“ll--.l”--....“l. . . . . .-“.I......UU- ..,.. . ..I.__.. ,...,“l--l-l, 

52,80371 0.61178 On50275 "=0,11388 0,32295 53.12361 0,12097 0,16809 --Oar15984 On15926 
on50 51,94057 0.58655 0.96630 -0,15170 0,43261 50,70509 0,126Ofi (IO7474 -0.38494 O,I3720 
I.00 51,59167 0.536oll I.H9320 --0,225SI 0,65181 47.24557 Ql3624 ="o,III92 .n= On23517 0,093lO 
2,oo 52827155 0.43513 3,74742 -On37438 1,09033 41,70387 0815659 -On48527 6.43765 MO490 

~~: 
55,00800 0823328 7,45465 -0,672OO 1,967Ol 31,99820 O,I9730 ~-I,23191 On66342 -=0,17150 

16:OO 
61,85899 -0,IlMl 14.H703l -I,26736 I72077 13,96399 0,27871 =-2,72510 I,86173 -On52436 
76,93747 -on97790 29,69981 n-2.457H9 7022762 -.20.72614 0.44l52 -5.71168 4.25763 -I,22984 

~.1..---.1."..~ . . ..-c._._-...I-= a_.. __.Y..._ . . . .._... . . ._.._.......“......... ..-m..... -..1- . . . . . . ..I - ,.-.... . .I...-.....~~..“._.~..... U....-.C..,.--..C..~..-_. 

m Clrl~~rorr~prllolcll~~ 
--1111 -...-~~--I-.~...~.~“.*-~.-.. , .,s-.... . . ...L”....“II.Y- -Wm.. ._.m. I.. I...-.--.,.*._ li ,... UI....~~.I.--.~.~~~~~-~ 

0,25 -8,9H073 I,95313 -0.15439 
O-50 -4J0230 1,74091 -0.11694 
1,oo 3.55556 I,34041 -0,o4200 
2.00 20,26974 0852353 0,10784 
4,oo 53,70lRO -=1,11051 0.40759 
mo 120,5649O -4,37852 l,oo707 
16,OO 254,28270 -10,91393 2,20587 
--I-- --- --. 

I a..- __.a . . . .._._.I . . . . ..“.1.. . . . . . 

0054270 -0.52636 
0,24215 0,35RGl 

-=0,35908 ?,I2906 
=-l,5612H 5,6G898 
-3,96631 12,75112 
-.&77629 26,91503 
-38,39458 55,237lO 
__.~"..==.~_=_II_~U-=_C 

.-._.... . . ..*.-_-..- . . . . . . . ..-..m.m”.-__-C., .-..-.“.._“_I 1”.---..““1_ 

0,02882 0.65703 -O,o2718 -0.24868 0.98624 
-0,17943 OS75892 -=I,89752 -0,09864 0054436 
-.0,59597 On96272 -5863732 0,20148 -=0,33947 
=-1,429OO I,37030 -13,11163 0.80164 -2,10693 
-=3,09506 2918545 -28,07388 2m93 -564160 
-a(,,42722 3,81579 -57,99099 4.40275 -12,71204 
=-13,09142 7.07637 .-ll7,82180 9.20399 -26,85132 

.-=. .--..-.=..m-.... . . w: I _.I... IY__.-.=.l.‘_.~_-.-_..=,.I. . . 
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(RIIJI) II b x 10 c x 103 i/v. IV ex 10” 11 b c >( IV rl x 10’ c x 10’0 
C~.-_..-..I.~“-,~ _... ,..I,I.I~P”IY.“““.r,“” “I...I-. . . . . __. ,,,.,, .__r._“,” .“...... . . . . . . . ...-*--.. ,,...*-I.“.. ,.“..“.“..._.C_.. “....“” “_ _.... ..I..... . . *.,“U”“._.a” “... “I. . . . . . . . ..- . . . 

on25 53n50231 0,6lMG --O,ll34H -0.79553 0,24480 53,10051 0,13275 -0.14114 -0.32825 0,12311 
OS0 52,81499 0di3661 0,50x13 - la29465 On39184 SI,O203I 0,13956 .-I,38994 -=0,22tiO5 0,0936O 
1JO 52,81667 0.56900 I,14963 --2.2q121 On68537 46,85686 0,15311 --3,8&W -0.02163 On03458 
2.00 54,19115 0,43315 4,23321 -=4,2R481 I,21260 39MR28 O,l8040 -8,88':11 -0,31306 --0,08340 

~~: 
58,33125 On16325 9,200ll -8.21193 2044698 21,38663 0,23401 -18.8'1402 I,17471 -0,31948 

16:OO 
61,99316 -0.37115 19,13422 -16.24623 4,79517 3,12230 0,34380 .-38.'15548 2,11199 -0,19158 
88,68539 I,45984 39m435 --32,19720 9.49423 -42,23102 0,56161 -78,82101 5,98462 s-1,73583 

--.-.- _.."~,,,~.-.~.~,"-~.~".."I .I.".-- U"__.,~._.,I,,_,,1_1",.."-...___-_.-,"I-..I........._._UL_...~I...-._1".~..-.._.-.C..~_~- 
a~~ro~rra/rlJpphr//a/l~//~ 
,l_l_...,_.....__... . . . ___..-.~..._.l_lllll..~.-.-.--..-...... e. .._I..._._ . . . . I. .-e_- . . . . . . . . . . . ..-A . . I._ . . . . .._..“....._Y.I”..I. . , “a-1 . . . . .._.U_ 
C,, (fl - IIo”)lT 
.._“““““U.“..“_ . . ...““--” -.. -----., . . .._.-Umw “.““.....I.” ..-_.._ .“” .._.““.-.-“~-_1.“-“.--1.-.-...“..-.-ll-IU 

n x IO-’ h P x 103 r/x 10, c x IO’1 n 1) s 10 c x IfJS tl x 107 t x 10” 

“I”“, ~~““~““~.~~~~~““. . . ..-.. .1--11. ._. .._.__..-.““....-.--“....I.“-.- “__.-“.““...-“-I-_. *.a “l......l.-.“--“. --..__._.1..1- 

On25 -.0,12677 0,18936 -0,14544 0,41949 --0,35588 1,035OO 0.65891 -On21569 -On22922 0.92307 
on50 -0.30294 0,16864 -0,10744 0,11461 0,54181 -1,01179 O,lG228 --2,11242 =-0,077Ol 0,41484 
1,OO 0,51469 On12122 -=0,03145 =-0,435lQ 2,33721 -5,30316 0,969Oo -=5.90576 0.22139 -0,42164 
2,OO 2,23998 O&4436 On12054 -=I,65455 592808 .==13,75382 I.38244 -.13,49205 On83616 -2,21441 
4,OO 5,65066 --0,12136 0,42453 .-4.09361 13,11026 -30,65539 2,20933 ,--28.66494 2.05314 --5.wOOl 
8,OO 12,412Ot-I *~.0,45281 lnO3252 -=8,91117 21,47480 'L 64,45930 i-k86319 -59Jl330 4,489lH --12.97250 
I6,OQ 25,97439 =-1,115Gl 2,24844 ~-III,72752 56,20195 -41,43932 5.13184 -110,81638 6,13945 -11.80446 
Wm.-.- ~l.~."..l_.~......._~.-_~~........... -..-___-.._.-.-_._-.. I. I.*_--"lll...l~..-~.l.l. .I--..I-..-I".--..---.... .,1---1..---" . 

-- (1: -.- Ilo”)/T s 
-.I..““.- -.I . . . . “...I”.“. _...11-“1..- ,_..“r . . . ” ._-.....““..1- . . . . I.~““_I”-..I--“-““--“.~...“.-.. 

II I~>;10 r);jo3 (IX IOn f x III” II I) 1’ x IV (IX IO’ c x lo” 
__.l_““._““_.“..“.-_.... ..- . . . . . . -1.11 .-.“-“..I”- --* ““..,...““.““._ ..““_ .““.“.~“““.-..““--- .“...~,l.W.l...--.““I.“.“I-“.“I-~.--.”...-....~~ 

:0,25 54,19434 0.72282 --0,8046H --0,33616 On12513 55J32906 0.13818 -0,10201 -0,26281 0.10481 
0,50 54,11682 0,68851 -.0,11471 -0.84245 On27408 53,03896 0.1450R --0.22872 -On16125 0.07489 
l,OO 54,139ll 0.61990 1,08514 -1.85315 0,51195 48,83604 0.158Y9 -,0,48204 --0.04200 O,Ol504 
2,OO 55,56I26 (A49266 3,60509 -3H66l 1,16779 41.80766 O,l8651 -0.98866 0.44848 -0.10465 
4&O 59,7H300 0,20Hl8 Y,M480 -.1,92201 2,35933 29,12131 0.24115 ==2,00210 I,26162 -:0.34410 
8,OO 6M03H5 *-0,34077 l&72431 =-16,OI305 4,14254 5,14183 0.35222 --4.02830 2,RH123 --0.82271 
lG,OO 90,62196 -1.43R60 38.HRllU .=~32.19266 9,501’)s ,=-41,43932 0,573lH -8.08164 6013945 *. 1.78045 
. . .._. . .._"......., ,..,"."-..--...,.".. I .._..-.I..-.. ."... *_....-..".... ....I..x. .____ ._-...,."...... . . -. .1~_..,..~-.~.....,Y..-,.......~.~.,-1"*,~~~.1-.~~-_~"~~.~- 8 



0,25 -S,68SSO 0,182Hfl =-0, I3432 0,3929H --0.105lG 0,13578 On66723 ~-0,0165S --On20622 O,H5103 
OS0 ~-0,71097 0,15855 =-0.08972 0.035I 4 On94855 -~-0,11221 hlHH54 -0.26914 --n 0.0276 I On32505 
1.00 9,23854 0.10992 -~~O.OOOSl --0,69057 3,056OH =’ .-~0,6082H I ,03123 --0,71444 0,32973 -=0.72729 
2.00 29, I 3673 0,01267 0.17788 =-2,lllBG 7,27066 -m 1,6003Y I SIG57 ,“S 1,605Oo I ,0443G --2,83181 
4,oo 68.93523 .~‘O,IHl&l 0.53469 =-‘4,97473 I5,70074 ~--I58465 2048729 -=3,38617 2,47367 -=*7.04091 
a,00 148,53loO ~--OS7088 1 a24832 -.- IO.7ooJ7 32SGl29 ~.~7,55304 4.42H65 -=6#940lG 5.33226 1-1 I5,45939 

16,Oo 307,72070 -- I,34893 2.67552 --22,1514G G6,5Gl29 ‘.a 15.48975 SJI I29 ‘9.’ 14,07262 I 1.04904 = =32.29450 

. . ..I.__.... _......“._....._.._...-*._..I. _“...__I . . . . . . . . ...” . . ..__.__“._.-.1”._..... ..-. . . . . . . ._.- . . . . . . . . . . ...“.” ._....I... 

l*l_._-l.-..... . . . . . .I... .“.... _  -.-_- . . . _  . . .____._. _.~.. . . . . ..- ..-.I.. -..- .....1....1.3 . . . . . . .._..“. _.l_l..  . . .._ .~.. .,,_.~.“.” ,.. 

I-“-._~.~~~~~1.~......I..--....~I~.., B”....“..... . . . ..I_” . . . . ...“. .- .,_.. . ._... . . ...” .a... . . . . .._. - . . . . ..a-.-.. . . . . . . _.........__....m ,... ,... em.“. 

- (F “- IillO) I’,’ 
..a_.. -“...I.....,........ .-u..- -I...-- -.... . .,... ..“__... . . . . . 

R 11 s 10 c x l1Y (IX IO” (1 s w 
s 
.r . . p.l.. ,.. . . . ..-.._....I..” . ...*. ,_“.“_lml . ..* “l-....-““--l 

11 bxl0 c s IOJ d s 107 c x IO’ ’ 

0,25 56.04086 0,75330 --0. I 1950 -0.on351 oAo209 57.39859 
OS0 55,48534 0,71302 --0.04555 -= 0.67708 2J5033 54.36279 

iti 
55m75185 Od3245 On10238 -1.8644G 5,H4766 49.6G896 

4:oo 62&il2l 57A6237 0,149Oo 0,4713l on99002 0.39824 .-4.23931 -X.98943 26,83358 12&1253 41.65858 27.01514 
8,oO 74A3G37 -0,49M4 2,17360 --l&4901 I 54081765 --On89277 

1600 99S6306 -- I a78482 4.54048 - 37,48830 I IO,7725 -55.33562 

I ,42053 --O,IG604 -0,21458 
1 SO160 -0,31474 -~0,09526 
I ,66368 -0,612Ol 0.14329 
I ,98787 -- I,20674 On62042 
2,63G25 ---2,396lO IS468 
3,93291 -4,77458 3.48300 
dS2655 -.=9,53234 7,30042 

009 I 1275 
0.55990 

=-0,14254 
- I s4751 
-4,35742 
=- 9,9767 I 

--21,21791 

. . ..“.....-*.- .I...._. _.... ..1..1...1_-- .-“.~-._ 

‘L..‘rO Wfoltl llqc crrory In npplying cqn (I), ull five ConsIms (0, h, c, d, P) sl~~~ltl lx w3l, 
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Combining eqns (3)-(s), we arrive at eqns (6)-(S) which yield the reai _a devivation 

from the ideal gas state at one atmosphere pressure: 

(6) 

These difference cqns (6)-(S) based on the Berthelot equation of state: have been 
used tc calculate the presented (Table I) thermodynamic functions. 

As a matter of fact, in their use of Berthelot’s equation of state for calcu!atinz 

the real 9s thermodynamic functions for fluorobenzene, Butler and Lielme& noted 
very close ageement between the calculated real 2~1s thermodynamic function values 

and the available experimental data. However, there are no available experimenta 
cktz for n-halonaphtha!en= and so the ranpe of sppli=bility of eqns (6)-(S) can only 

be inferred from the general limitations associated with the second virial coefficient 
expansion_ Hence. it is suggested that eqns (6)-(S) will be more accurate in the lower 
pressure regions (approachins the idA 2s behaviour) and less accurate at the hifier 

pressures and in the vicinity of the critical point which for the halonaphthalencs is 
at the pressure range of 36-40 atm and within 720-870 K temperature interval_ 

Indirectiy, this observation has been brought out also by Butler and Liclmczs3 
who showed that for fluorobenzene the caiculated heat capacities did fit the experi- 
mental data of Scott et al.’ over a pressure range of 0.25 to 10 atm. Yet, studies by 
Waddington et ai_’ on normal hydrocarbons have indicated that corrections obtained 
by the use of Berthelot equation of state are too small at lower temperatures nar 
the normal boiling point. Despite this aspect of caution, it is still feIt that Butler’s 
and LieimezsV3 work on iiuorobenzene is sufficiently strong evidence to assume that 
Berthelot’s equation of state in conjunction with the second virial coefiicient expansion 
(eqns (3) and (4)j describes the P-V-T properties of z-halonaphthalenes reasonably 
we11 within the stated nnSes of applicability (pressure ranSe from 0.25 to 16 atm)_ 

McFee and Lielmezs’ have already in detail di scussed the accuracy and the 

raqe of reliability of the calculated thermodynamic functions for a-halonaphthalenes 

in the ideal _eas state- They evaluated four types of errors: mathematical errors due 

-- 

= TennRInP(cqn(8))is correction which IIILIG be added to obtain the ideal gas entropy at pressure 
P, providal that this -ion has not ban already ir&xkd in the ideal gas 9-expression. It should 
bc~cdt~tforP=Iatm.RInP=O. 
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to the round off in the computer; errors in bond lengths, bond az&s and in =S 

metrical asymmetry of the molecule; errors in frequency assignments such as improper 
analysis, liquid state frequency shifts; and errors due to the inapplicability of the 

basic assumptions, for instance the anharmonicity. McFee and Lielmezs’ concluded 
that for a-halonaphthalenes the calculated ideal _a state thermodynamic functions 
shouid be reliable from approximately 400 to 1000°K; the expected error range of 

F 30% being well within the general experimer,A uncertainty as specified by 
WhiITen6. 

The calculation of real 2~ thermcdynamic functions additionaliy however 
invoIyes (eqns (4), (a), (7) and (8) the knowledge of the critical point properties, the 
critical pressure PC, and the critical temperature, ZQ For rx-halonaphthalenes, these 
critical properties were obtained usin, 0 the Lydersen incremental estimation method’ 
(Table 3). For internal consistency, the estimated a-halonaphthalene critical properties 
were compared with the experimental critical property values of the correspondingly 

substituted halogenated benzene series ‘. Furthermore, thecritical property uncertainty 
effect on the calculated real gas thermodynamic function values was investigated by 
calculating the thermodynamic functions for z-iodonaphthalene using criticai temper- 
ature and critical pressure values 5 o? below the estimated critical property vaIues for 
a-iodonaphthalene (Table 3)_ It was found that only at low temperatures and at high 
pressures the error was greater than 0.2-0.3%. Hence, the calculated real gas values 

(Table I) should be accurate except at low temperatures where an error of less than 
I y. may be expected. In general, it was felt that barring major errors in the frequency 
assignments (McFee and Lielmezs’), the expected overall error should be at most 
l-2%_ This suggested error is expected to hold for ali pressures between temperatures 
from about 4Nl to IOOO”K_ 
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PiOMi3CUTURE 

A = 

B = 

c”p = 

e-u. 
-(P-E& 

(ff’ - H,O)/T = 
P = 

R = 

so = 

angstrom unit 

second virial coefficien& cc mol- ’ 

heat capacity, cal mol- I K- ’ 

entropy unit, cal mol- ’ 
free energy function 9 Cal “,i; --1 K-1 

enthalpy function, where Hg = Ho at 0 K, cal noI-’ K- ’ 
pressure, atm 
universal _eas constant 
entropy, e-u. 
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T 
V 

G 

P 

Supmcript: 

0 

Sthcript : 

C 

P 

R-CD 

= temperature, K 
= volume, az 
= molecular symmetry number 
= weave number, cm-’ 

= reference state, referring to the hypothetical state of an ideal gas 
at I atm 

= critical stite 
= pressure 
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