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THERMODYNAMIC FUNCTIONS FOR 1,4-DICHLORONAPHTHALENE,
1L4-DIBROMONAPHTHALENE AND 2,3-DIBROMONAPHTHALENE FROM
0.25 TO 16 ATMOSPHERES
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{Received 8 August 1977)

ABSTRACT

Real gas thermodynamic functions, C,, S, (H — H,)/T, and — (F — H,)/T.
have been calculated for dihalonaphthalenes (1,4-dichloronaphthalene, 1,4-dibromo-
naphthalene and 2,3-dibromonaphthalene) from 0.25 atm to 16 atm within the
temperature range of 273.15-1200 K, correcting the thermodynamic property ideal

gas values by means of the Berthelot equation of state. *

INTRODUCTION

McFee and Lielmezs! ™3 have calculated the ideal gas state thermodynamic
functions at 1 atm for naphthalene and 11 halogenated naphthalenes!, and the real
gas state thertnodynamic functions from 0.25atm to 16 atm for a- and f-halonaphtha-
lenes?- 3, all calculations having been kept within the temperature range 273.15-1200 K.
In this work, additionally, real gas thermodynamic functions have been calculated for
dihalogenated naphthalenes (I.4-dichloronaphthalene, 1,4-dibromonaphthalene and
2,3-dibromonaphthalene), again from 0.25 to 16 atm and within the temperature
range 273.15-1200 K. The calculated results are presented in Table 1. These results
have also been fitted to a five-constant polynomial of the form

A=a+bT+ cT? +dT> + eT* ' )

where A is the real gas thermodyvnamic function in question at ‘emperature T(K).
The constants a, b, ¢, d and e in 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 are presented in Table 3.

DISCUSSION

The real gas state thermodynamic properties of dihalogenated naphthalenes

* Northwood Pulp, Prince George, British Columbia, Canada.
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TABLE 2

CALCULATED CONSTANTS 3, b, ¢, d AxD e ™~ EQN. (1)
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Pressure (atm)

A. 1.4-Dichloronaphthalene

Cp
a
025 —5.06558
0.50 —0.26267
1.00 9.34374
200 28.55632
4.00 66.98050
3.00 143.8327
16.00 247.5320
—(F — Ho)fT
a
0.25 52.87711
0.50 52.29250
1.00 52.50105
2.00 54.29585
4.00 59.26212
8.00 70.57228
16.00 94.56909
(H — Ho)T
a
025 —0.34884
0.50 —2.74291]1
1.00 —7.53073
2.00 —17.10756
4.00 —36.25911
8.00 —74.56635
16.00 —151.1715
S
a
025 52.52809
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. 1,4,-Dibromonaphthalene
Cp
a
025 —1.60320
0.50 3.77721
100 14.53819
2.00 36.06052
4.00 79.10579
8.00 165.1921
16.00 337.3634

b
0.19826
0.17478
0.12783
0.03393
—0.15387
—0.52549
—1.28070

& x 10
0.79790
0.75903
0.68128
0.52576
021470
—0.40725
—1.65119

b x 10
0.82461
094174
1.17598
1.64454
2.58150
4.45575
8.20356

b

0.16225
0.17008
0.18572
021703
0.27963
040483
0.65524

b
0.18593
0.15963
0.10704
0.00185
—0.20854
—0.62928
—1.47080

c X I0P
—0.16811
—0.12506
—0.03893

0.13332

0.47780

1.16683

2.54481

c X 10¢
—0.10948
~0.03813

0.10465

0.39023

096126

2.10338

4.38742

cx Iot
—0.28825
—0.50319
—0.93300
—1.79293
—3.51206
—6.95136

—13.82821

cx In
—0.39775
—0.54129
—0 82832
—1.40250
—2.55081
—4.84743
—9.44085

c X IR
—0.14904
—0.10081
—0.00433

0.18863

0.57456

1.34635

2.88999

dx 10
0.57045
0.32499

—0.36605
—1.74805
—4.51189
—10.04033
—21.09631

d x 10®
—0.37749
—~095018
—2.09€640
—4.38884
—~8.97258

—18.14066
—36.47466

dx I0®
—0.39783
1.32696
4.77601
11.67612
2547184
53.07234
108.255

d x 10®
—0.77521
0.37654
2.67927
7.28617
16.49953
34.92626
71.78111

d x 104
0.53215
0.14514

—0.62894
~2.17715
—5.27360
—11.46590
—23.85109

e x Jon
—0.92124
€.09599
2.13050
6.20036
14.33874
30.61833
63.17413

e X 0"
0.17104
0.33971
0.67735
1.35260
2.70270
5.40316

10.80318

e X Jou
0.41174
—0.09620
—1.11191
--3.14402
—7.20656
—15.33507
—31.58549

e X 10"
0.58276
0.24360

—0.43441
—1.79099
—4.50401
—9.93007
—20.78253

e X Jou
—0.53961
0.59998
2.87935
7.43834
16.55631
34.79035
71.26033
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T-BLE 2 {coniinued)

Pressure {atm)

—(F — Ho)iT

025
0.50
1.00
200
4.00
8.00
16.00

(H — Ho).T
0.25
0.50
1.0
2.00

L]
-

800
160

S

025
050
1.00
2.00
4.00
800
6.0

a

058102
—2.10156
—7.46619
—18.19701
—39.65651
—82.57599

—168.4168

a
55.26588
517774
55.17790
57.35€49
63.09050
7593267

103.0089%

a
55.26588
52.67624
4771114
39.15916
2343424

—6.63931

— 654109

C. 2,3 Dibromonaphkrhalere

0.25
050

1.00
2

A
-,

8.00
16.00

—(F — Ho)T

025
0.50
1.00

2

4.00
8.00
16.00

Cp

a
—2.483980

2.962775

13.85629

35.64401

79.21877
166.3656
340.6704

a

56.54803
56.07050
56.49339
58.7:620
64.53960
T7.56296

104.9895

b x 10
0.84589
0.97712
1.23956
1.76354
281334
491400
9.11341

b x 19
088277
0.83920
0.75207
0577717
0.22921
— 046504
—1.86234

b x 10
0.88277
1.81630
1.99167
234234
3.04351
444613
7.25128

b
0.1890391
0.1623179
0.1091756
0.0026856
—0.21028%¢
—0.6362184
—1.48816%

b x 10
0.8€63541
0.8222568
0.7340217
05575763
02046604
—0.5011096
—1.912822

c % 1ot
—0.35196
—0.39277
—1.07430
—2.03764
—3.96388
—7.81655

—15.52207

c X Io*
—021727
—0.13729

0.02269

0.33270

0.98268

2.2629]

492224

c x 10%
—0.21727
—0.72999
—1.05171
—j.69499
-298112
—5.55407

—10.69973

c X IR
—0.1530041
—0.1041716
—0.0065063

0.1388381

05795124

13602807

2.92363

e X 10%
—0.1966534
—0.1156993

0.0462995

03702517

1.018211

2313966

4.905909

d « I0®
0.17880
21122
5.97516
13.70589

29.16278

60.07901

1219119

d » I0®

031924
—0.32273
—1.60650
—~4.17563
—9.3126%
—19.5895%
—40.13748

dx 1P
0.31924
1.78775
4.36931
9.53031

19.84.449

4045389

81.77953

d x 107
0.5538795
0.1620785
0.6215271

—2.188883

—5.323344
—11.59196
—24.13157

d x 10®
0.1916614
—0.458048
—1.758424
—4.358732
—9.559864
—19.96039
—40.76595

e x o
0.23378
—0.33531
—1.47317
—3.74992
—8.30166
— 1740627
—35.61540

e X 103
—0.72602

18.17952

56.00358
131.6639
282.9693
585.6822

1190.884

e > 10"
—0.72692
—1532358
—91.35060

—243.3435

—547.1784
—1155.105
—2370.819

e x Iov
—0.56225117
0.5714625
2.3789504
7.494336
16.72456
35.1829
7210914

e x 1032
0.2383302
2.151901
5981887

13.64078

28.96033

59.59294

120.8743
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TABLE 2 (continued}

Pressure (atm)

(H — H)}T
a bx 10 c X I0¢ dx IP e X Ion
025 0.5262215 0.8336449 —0.3215286 —0.8931202 0.315€192
0.50 —2.189636 0.9665096 —0.565331 18.67157 —0.2605558
1.00 —7.620900 1.232204 —1.052851 57.79253 —1.412622
2.00 —18.48347 1.763598 —2.027895 136.9345 —3.716744
4.00 —40.20947 2.826445 -3.978116 292.5313 —8.325361
8.00 —83.550006 4.952063 —7.878472 605.5255 —17.54304
16.00 —170.56C0 9.203175 ~15.67872 1231.448 —35.97547
S
a b c x 10 d x 108 e x IO
0.25 57.07390 0.1760024 —0.5182411 0.1029281 0.3552538
0.50 53.88126 0.1788733 —0.6809413 1.408112 —0.0450000
1.00 48.87277 0.1966203 —1.006487 4.020139 —0.814167
2.00 40.23260 0.232118 —1.657655 9.244786 —2.352651
4.00 2432994 0.3031125 —2.959988 19.69445 —5.429883
800 —6.096951 0.4450924 —5.56438 40.59023 —11.58285
16.00 —65.57256 —0.1912822 —4.905909 —40.76595 12.08743

were calculated in the same way as those for a- and f-haionaphthalenes?- 3, that is,
the already calculated ideal gas state thermodynamic function values for dihalo-
genated naphthalenes! were corrected by means of the second virial coefficient
expansion of the Berthelot equation of state?- 3. The resulting equations, given as the
real gas deviations from the ideal gas state (at one atmosphere pressure) are®: °

9 RT, T. \*
(H—Ho)n‘:l—ngc[l—ls( :r) ]P )
81 ( RT?
(C,,—Cf,')=§(_PT°3)P Q)
(S°—.S')=1;'%(1}:7;f3)P+RlnP @

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 energy function (Table
1) however is found by subtracting eqn. (4) from eqgn. (2). The applicability of the
second virial coefficient-truncated Berthelot state equation [eqns. (2—4)] has been
discussed in detail by Butler and Liclmezs® for fiuorobenzsne, and by McFee and
Lielmezs?- *-for a- and B-halonaphthalenes. The critical point properties (7., P.)
needed for 1;4-dichlorqnaphtha!ene were estimated by means _'of the Lydersen
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method® using the experimentally-known boiling point” corrected to one atm
pressure. However, the critical properties of 1,4-dibromonaphthalene and 2,3-
dibromonaphthalene were estimated by analogy with 1,4-dichloronapnthalene as
well as with the chlorinated naphthalenes?: ® and benzenes®. The error introduced in
the critical parameter values will not exceed = 2.0% since the molecular weights of
1,4-dibromonaphthalene and 2,3-dibromonaphthalenc are the same; the critical
parameters of 1,4-dichloronaphthalene were estimated on the basis of an experi-
mentally-available boiling point temperature value.

The accuracy of the results presented in Tables | and 2, and the range of
applicability of eqns. (2-4), however, must be inferred from previously discussed?®
general considerations. Using the error estimation methods already introduced! ~3-5
it is found that the czlculated ideal gas state thermodynamic functions for dihalo-
genated naphthalenes should be reliable within the 400-1000 K temperature range
400-1000 K, with the expected error ranging from -- 0.59] to &= 29.

Indeed, following the error analysis as outlined by McFee and Lielmezs®- * for
real gas thermodynamic function values of - and $-halonaphthalenes, it is suggested
that the calculated real gas thermodynamic function values for dihalogenated naph-
thalenes (Tables 1 and 2) should not exceed the overall error estimate of + 19/ to &=
2.59%. This error is expected to hold for zll 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 values (Tables 1 and 2) should be used noting
this limitation. If, however, any thermodynamic property value is used below the
boiling point, then such a value would refer to a hypothetical vapor of the dihalo-
genated naphthalene. This effect staris to become noticeable at pressures higher than
4 atm (Table 1).
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