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THER_MODYNAMIC FUNCITONS FOR 1,4-DICHLORONAPHTHALENE, 
I&DIBROMONAPHTHALENE AND 2,3_DIBROlMONAPHTHALENE FROM 
0.25 TO 16 ATMOSPHERES 

D. G. McFEE’ ASD J. LIELMEZS 

CXemicai hgineering De~ftzent, The CrnivmiIy of British ~ohnbia, Vmcourer, B.C. (Canada) - 

(Roxived 8 August 19TI) 

Real _a thermodynamic functions, C, S, (H - H&T, and - (F - H,)/T.= 

have been calculated for dihalonaphthaIenes (I+dichloronaphthalene, I+dibrom+ 
naphthalene and 2,34bromonaphthalene) from 0.25 atm to 16 atrn within the 

temperature range of 273.15-1200 K, correcting the thermodynamic property ideal 
_ea values by means of the Berthelot equation of state. 0 

I_XTRODUCl-lON 

McFee and LieImezsrW3 have calculated the ideal _gas state thermodynamic 
functions at ! atm for naphthalene and 11 halogenated naphthalenes’, and the reai 

gas state thermodynamic functions from 0.25atm to 16 atm for Q- and jl-halonaphtha- 
Ienes2* 3, all calculations having been kept within the temperature range 273.154200 K. 

In this work, additionally, real gas thermodynamic functions have been calculated for 
dihalogenated naphthalenes (I .PdichloronaphthaJene, 1 &iibromonaphthaIene and 
2,34bromonaphthalene), again from 0.25 to 16 atm and within the temperature 

range 273.15-1200 K. The calcuIated results are presented in Table 1. These results 
have also been fitted to a five-constant polynomial of the form 

fl=a +bTicT2+dT3+eT-+ (1) 

where n is the real gas thermodynamic function in question at %mp&ature T(K). 

The constants a, b, c. d and e in eqn_ (1) have been obtained using littear least-squares 
curve fitting methods’ and are found in Table 2. The mokcular structural data 

needed for thermodynamic function calculations are presented in Table 3. 

DSCUSSION . 

The real gas state thermodynamic properties of dihalogenated naphthalenes 

F Northwood Pulp, R&c George, British Columbia, Canada . . 
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TABLE 2 

Pressure (azm] 

A. 1+Dichhwotuwhl 

OX 
0.50 
l-00 
200 
4.00 
8.00 

16.00 

G 

-“5.06558 
-026267 

9.34374 
28.55632 
66.98050 

343.8327 
2+75320 

-(F - HOI/T 

0.25 
050 
I_00 
2.00 
4.00 
8.00 

16.00 

a & x IO c x 1P d x ZP e X ZOx1 
52.877 I 1 0.79790 -0_10948 - 0.37749 0.17104 
5229250 0.75903 -0.03813 -0_9!iO18 0.33971 
5250105 0.68128 0.10165 -209640 O-67735 
54.29585 0.52576 o.‘i!m23 -4.388M 1.35260 
59.26212 031470 096126 -8_97258 2.im70 
70.57228 - 0.40725 2.10338 -18.14066 5.40316 
94.56909 -1.65119 4.33742 -36.47466 10.80318 

(H - H&T 

0.25 -“OX884 
0.50 --27429i 
1.00 -7.53073 
2.00 - 17.10756 
4.00 -36.2591 I 
8.00 -74.5663s 

16.00 - 151.1715 

S 

0-Z L809 
0.50 49.54965 
1.00 44.97041 
2.00 37.18875 
4.00 23.00304 
8.00 -3.99098 

16.00 - 56.60272 

B. I,$-D~rotnonaphzhakne 

CP 

0.25 LiO320 
0.50 3.77721 
1.00 14.53819 
2.00 36.06052 
4.00 79.10579 
8.00 165.1921 

16.00 337.3684 

b c x 103 dx 107 e x 10” 
0.19826 -0.16811 O.GiO45 -0.92124 
0.17478 -0.12506 0.32499 0.09599 
0.12783 - 0.03893 -0.36605 213090 
0.03393 0.13332 - 1.7480s 6.20036 

-0.15387 0.47780 -4.51189 14.33874 
- 0.52!349 1.16683 - 10.04033 30.61833 
-1.28070 2-1 -21.G9631 63.17413 

b x IO c x i@ dx 109 e X RF1 
0.82461 - 02A825 - 0.39783 0.41174 
094174 -050319 I.32696 -0.09620 
1.17598 - 0.93300 4.77601 -1.11191 
1.64454 - 1.79293 11.67612 -3.14402 
258150 -3.51206 25.47184 -7.20656 
4.45575 -6.95136 53.07234 -15.33su7 
8.20356 - 13.82821 108.255 -31.58549 

b 
0.16225 
0.17008 
0.18572 
021703 
0.27963 
0.40483 
0.65524 

c x 1lP 
- 0.3977s 
-024129 
-0 82832 
-1.402sO 
-2.55081 
-4.84743 
-9.44085 

c x 103 
-0.14904 
-0.1W81 
-0.00433 

0.18863 
0.574% 
1.34635 
2.88999 

dxZ08 e x 10” 
-0.77521 0.58276 

0.37654 0.24360 
267927 -0.43441 
728617 -1.79099 

16.49953 -4.SCMO1 
34.92626 -9.93007 
71.78111 -w.78253 

b 
0.18593 
0.15963 
0.10704 
0.00185 

-0.20854 
-0.62922 
- 1.47080 

dx ZOr e x 10” 
0.53215 -0.53%1 
0.14514 0.59998 

-0.62894 287935 
-217715 7.43834 
-5.27360 16.55631 

-11.46590 34.79035 
-23.85109 71 .;‘M)33 

. 



Pressure (arm) 

a b x IO c x 101 dx loI c % IO” 

05SlJE O&I589 -0.35196 0.17880 0.23378 
-2.10156 0.97712 - 0.39277 211122 -0.33s31 
-7.46619 1.23956 - I.07430 5.97516 - 1.47317 

- 18.19?01 I .76454 - 203764 13.70589 - 3.7:992 
- 39.6565 I 281434 - 3.%388 29.16278 -83oJ66 
- 82575YY 4.91a -7.81655 6o.o79oJ - !7_u)627 

- 168.4168 9.11341 - 15.52207 121.9119 -35.61540 

a b x IO c x IOL dx 106 c % 10’3 
5526588 Q8SZi7 -021727 0_31921 -0.72692 
51.m4 0_8392o -0.13729 -0-32273 18.17952 
55.1779o 0.7sxP 0.02269 -1.~ 56.00358 
57.35649 0.5m7 0.34270 -4. I 7563 131.6639 
63.G9090 02-392 I 0.98268 -9.31264 2829693 
3593867 - oA6Ya 226_TJ - 19.589s 5ss.6822 

103.ax9 -1_8623d 4.922z4 -4o.13748 1190.884 

t5.26588 
5167624 
57-7 I I 14 
39.15916 
23A3484 

-&639?31 
-65_4109 

b x IO c x 1w dx I@ c x 10*= 
OS277 -0.21727 0.31924 - 0.7269’ 
I.81630 - 0.72999 J-78775 - 1532358 
!_99!67 -1.05171 436931 -91_3ay)60 
L312s -i.6949!l 9-5303 I -243.M35 
3AM351 -2_981 I’ 19_aJ-I9 -5d7.1784 
4Al613 - 5.55?07 40-49389 - 1155.105 
i-25128 - I oh9973 8 I .nYs3 -2370.819 

0-2s 

050 

I_00 
2-00 
4.00 
8.00 

16.00 

-_(f - H&f 

CP 
a 

-2483980 
2962iis 

I XS_W-B 
35.644oJ 
7921877 

166.3656 
340.6704 

b c x 103 dx 10; c x 10” 
0.18Yo391 -0.1530041 0.5538795 -0.5622517 
0.162417Y -0.1041716 O-1620785 0.5714625 
O.Jo91756 -0.oofsO63 o-6215271 28789oG 
0.002256 0.1888381 -2.188885 7.495336 

-02102SW 05795 124 -s3= I 6_724S6 
-0_6362181 J_xuan --11_591% 35.1829 
-J.488165 292363 -24.13157 7zlo914 

a 6 x IO c x IOI dxIOs e x Jo*= 
56.sso3 CM663541 -0.1966534 0.1916614 0.2383302 
56.07OW 0.8222568 -0.1156993 - 0.4sso?3 z1519oi 
56.49339 0.734u217 0.0462995 - 1.758424 5.981887 
58_7i6Zl 05575763 03702517 -4.358732 I3.aO78 
6453940 OZJ466M 1.01821 I -9.559864 28.96033 
~562Y6 -0.5011096 2313966 - J9sJ6039 59.59294 

Jo49895 - I.912822 4.905909 -4o.76595 I zas743 
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Pressure (afm) 

025 
0.50 
I.00 
200 
4.00 
8.00 

16.00 

0.25 
0.50 
:.oo 
2.00 
4.00 
8_00 

16.00 

(Zi - W&T 
a 

0.5262215 
-2189636 
-7.6209w 

- 18.48347 
-4020%7 
- 83.55006 

- 170.5600 

S 
a 

57.07390 
53.88126 
48.87277 
40.23260 
24.32994 

-66.096951 
-65.57256 

b x 10 c x IO: 
0.8336449 -0.321522 
0_9665096 -0.565331 
I.232203 - J-05285 1 
I.763598 -2027895 
2826445 -3.978116 
4.952063 -7.87SG2 
9.203175 - 15.67872 

b c x Zo1 
O.liOQO24 -03182411 
0.1788733 -0&809413 
0.1966203 -1.006187 
0.2321 I8 - 1.657655 
0.3031125 -2959988 
0.4450924 -5.56438 

-0.1912822 -4.905909 

dx I@ e x IO** 
-0_89312m O-3156192 
18.67157 -02605558 
57.79253 --I.412622 

136Lt345 - 3.7 16744 
292.5313 -8.325361 
605.5255 --17.ww 

1231.448 -35.97547 

d x I@ 
0.1029281 
I.4081 12 
4.020139 
9e244786 

I 9.69445 
40.59023 

- 40.76595 

e X I011 
0.339253s 

-0_035oooo 
-0.814167 
-235265J 
-5-429883 

- 11_582% 
J 2.08743 

were calculated in the same way as those for CC and j?-haionaphthalenes2~ 3, that is, 
the already calculated ideal gas state thermodynamic function values for dihalo- 
genated naphthalenes’ were corrected by means of the second viriai coefficient 

expansion of the Berthelot equation of state’, 3. The resulting equations, given as the 
real _eas deviations from the ideal gas state (at one atmosphere pressure) are’* ’ 

(H - H,)jT= &$ [I - 18 (+)‘I P (2) 

cc, - (3 

(4) 

The term RInP [eqn- (4)] is a correction factor which must be included to 
obtain the ideal gas entropy at pressure P, provided that this correction term has not 
already been included in the ideal gas S”-expression. The free ener_q function (Table 
1) however is found by subtracting eqn_ (4) from eqn. (2). The applicability of the 
second virial coefficient-truncated Berthelot state equation [eqns- (24)] has been 
discussed in detail by Butler and LieImezs’ for fluorobenzne, and by. McFee and 
LieIrnezs*- 3 ‘for a- and @talonaphthalenes. The critical point properties (T,, PC) 
needed for 1~4-dichloronaphthaIene were estimated by mea.& ‘of the Lydersen 
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method6 using the experimentally-known boiling point’ corrected to one atm 
pressure. However, the critical properties of l+dibromonaphthalene and 2,3- 
dibromonaphthalene were estimated by analogs with 1 A-dichloronaphthalene as 
well as with the chlorinated naphthalene& 3 and benzenes*_ The error introduced in 
the critical parameter values will not exceed 5 2-O% since the molecular weights of 
1 &dibromonaphthalene and 2,34bromonaphtMenc are the same; the critical 
parameters of 1,44chioronaphthalene were estimated on the basis of an experi- 
mentally-available boiling point temperature value. 

The accuracy of the results presented in Tables I and 2, and the range of 
applicability of eqns. (2-4), however, must be inferred from previously discussed2 
general considerations. Using the error estimation methods already introduced’ - 3-s 
it is found that the cricuiated ideal gas state thermodynamic functions for dihalo- 
genated naphthalenes should be reliable within the 400-1000 K temperature range 
400-ICKKI K, with the expected error ranging from 5 0.5% to & 2%_ 

Indeed, following the error analysis as outlined by McFee and Lielmezs’_ ’ for 
real gas thermodynamic function values of z- and fi-halonaphthaienes, it is su_qested 
that the calculated real gas thermodynamic function values for dihalogenated naph- 
thalenes (Tables 1 and 2j should not exceed the overall error estimate of & 1% to * 
2_5%_ This error is expected to hold for all pressures between temperatures of 500 
and 1100 K. However, it should be noted that thermodynamic properties of any 
dihalogenated naphthalene gas are determined from their boiling points up_ Hence, 
calculated thermodynamic property vaiues (Tables 1 and 2) should be used noting 
this limitation. If, however, any thermodynamic property value is used beIow the 
boiling point, then such a value wouId refer to a hypothetical vapor of the dihaio- 
genated naphthaiene. This effect starts to become noticeable at pressures higher than 
4 atm (Tabie I )_ 
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