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Henry's constants and the heats of adsorption of isomeric chloronaphthalenes on 
graphitized thermal carbon black were calculated by the semiempirical molecular statistical 
method. The calculated data were compared with experimental results. The best agreement 
was achieved when corrections for the interaction of the CI atom with the C atom of the 
adjacent benzene ring and the presence of other CI atoms in orrho-positions are introduced 
in calculations of the atom-atomic potential. 
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The previously proposed t senti-empirical molecular 
statistical theory of adsorption is based on the atom- 
atomic approximation for the potential function of in- 
termolecular adsorbate--adsorbent interaction on graphi- 
tized thermal carbon black (GTC). 

�9 = 5" ,y_ ~,...C~GJC) (I) 
A C{GTC) 

The potential function �9 is presented as the sum of 
atom-atomic potentials (AAP) of  the intermolecular 
interaction of each atom (A) of the adsorbate molecule 
with each carbon atom (C) of the GTC adsorbent. The 
AAP of the interaction of the adsorbate atom with the 
adsorbent atom was chosen in the lbrm of the 
Buckingham--Corner potential. 

r --- - C l r " 6  - C2r-8 + B e x p ( - q r )  (2) 

Henry 's  constant (KI) is calculated on assumption of 
free motion along the mathematically uniform surface 
and harmonic oscillation perpendicular to the surface. 

- - I / 2  

Other thermodynamic parameters of adsorption (TPA) 
are calculated from Henry 's  constant. In particular, the 
differential molar change in the internal energy (heat of 
adsorption) is determined from the formula 

A U  I = R T 2 d ( I n K t ) / d T .  (4) 

In terms of this theory, the parameters of atom- 
atomic potential functions of the intermolecular adsor- 
bate--adsorbent interaction ( C l, C 2, B) used for calcula- 
tions of TPA are determined by approximate quantum- 

chemical formulas from the individual properties of the 
adsorbate and adsorbent. The AAP thus obtained for the 
interaction of atoms composing the adsorbate molecule 
with C atoms of graphite composing the adsorbent (GTC) 
are refined by comparison of the theoretically calculated 
and experimental values of Henry, 's constant for adsorp- 
tion of one or several representatives of the class of 
molecules under study, so-called reference molecules. 
This refinement gives the correction factor 13 or simply 
the correction for AAP. 

'~A...C(G'rc) = [3tP*A...CtGTC) (5) 

The initial and refined AA.P differ only in the correc- 
tion value, which restltLs in an increase or decrease of 
numerical values of the parameters. To the present time, 
AAP for H and C atoms in different valence states for 
elements of the main subgroups of the Vl and VI I  
Groups 1-5 have been determined. The use of these po- 
tentials results in satisfactory agreement between experi- 
ment and calculation. At the same time, molecules whose 
TPA cannot be predicted with satisfactory accuracy are 
met more often as the experimental data accumulate and 
the scope of compounds under study extends. This con- 
cerns first molecules conta in ing ortho-substituents, 
strained structural fragments, and heteroatoms in different 
valence states. 6 The inconsistency is explained by the 
differences in the_parameters of AAP tbr atoms in the 
molecule under study and parameters refined by reference 
molecules. The differences in the AAP parameters are 
mainly due to a change in the nearest environment of the 
atom or its valent state, which appears as a change in its 
polarizability. 

The chemical and physical properties and the geo- 
metric and electronic structures of chloronaphthalenes 
and chlorobenzenes are close. 7-9 It can be assumed that 
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the adsorpt ion propert ies o f  these compounds  are also 
similar. Therefore ,  AAP for the interact ion o f  the C1 
atom with the C a tom o f  graphi te  and correc t ions  for the 
o r t h o - e f f e c t  in t roduced in this potent ial  for the descr ip-  
t ion o f  adsorpt ion o f  o r t h o - s u b s t i t u t e d  c h l o r o b e n -  
zenest0,11 could describe T P A  of  ch loronaphtha lenes .  At 
the same time, the dif ference in the propert ies  o f  the 
isomers substituted in posit ions I and 2 is known for 
naphthalene .  7-9  This dif ference is usually expla ined  by 
the fact that when a bulky substi tuent ,  for example ,  the 
CI a tom,  is in t roduced in posi t ion I, its van der  Waals 
radius and that o f  the C a tom of  the adjacent  a romat i c  
ring overlap,  in the case where  the naphtha lene  mol -  
ecule conta ins  two substi tuents in positions I and 8, not 
only van der  Waals radii o f  the substi tuent a toms  and C 
a toms of  adjacent  a tomat ic  rings, but also van der  Waals 
radii o f  the substi tuents overlap.12 This over lapping can 
change the polarizabil i ty and,  correspondingly ,  AAP of  
these a toms,  and AAP can change  by a value different  
from that  observed for over lapping of  o r t h o - a r r a n g e d  CI 
a toms in ch lorobenzenes .  

It has been shown !~ that  only in t roduc t ion  o f  
cor rec t ions  for the parameters  o f  AAP allows one  to 
cor rec t ly  predict  KI values; therefore ,  correct ions  de te r -  
mined  f rom the re ten t ion  values  of  I - c h l o r o -  and 
1 ,8-d ich loronaphtha lenes  should be used for the ca lcu-  
lation o f  H e n r y ' s  constants  o f  ch lo ronaph tha l enes  with 
different  degrees o f  subst i tut ion.  Ch lo ronaph tha lenes  
are the simplest  model  for s tudying this in te rac t ion  in 
more complex  molecules  as well ,  for example ,  in poly-  
ch lor ina ted  diphenyls,  d ibenzo th iophenes ,  and d ibenzo-  
th ioanthrenes .  It is especial ly impor tant  to theore t ica l ly  
predict  T P A  for molecu les  o f  this class be longing  to 
dangerous  con tamina tors  o f  the dioxine type,  because 
the number  o f  isomers a m o n g  polychlor ina ted  a romat ic  
hydrocarbons  is very high, and exper imenta l  s tudies are 
difficult.  For  example ,  mixed t e t r a b r o m o c h l o r i n e - c o n -  
taining d ibenzo th iophenes  have 496 isomers. 

The purpose of  this work is the exper imenta l  and 
theoret ica l  study of  the inf luence  o f  the subst i tuents  in 
p o s i t i o n s  I and 8 on the  a d s o r p t i o n  o f  c h l o r o -  
naphthalenes .  

Experimental  

Gas-chromatographic experiments were carried out on an 
LKhM-80 chromatograph with a flame-ionization dete/ztor. A 
micropacking column with an inner diameter of I mm and a 
length of 70 cm was packed with graphitized thermal carbon 
black (GTC. Sterling-MT trade mark) with a specific surface 
of 7.6 m 2 g-I and a grain diameter of 0.14--0.18 ram. The K~ 
values were found as described previously. I,z,6 Heats of ad- 
sorption were determined as in the earlier works 1,10,11,13 from 
the temperature dependence of  experimental K t values using 
the following equations: 

InK I = A * B/T, (6) 

ql = RB, (7) 

where R is the gas constant. 

At low (zero) coverages of the surface corresponding to the 
conditions of chromatographic experiment, K l is accepted as 
numerically equal to the specific retention volume (retention 
value) I, 2 

K~ = VA.~ (8) 

Molecular statistical calculations were perfbrmed by the 
known procedure, l,z The published ~~ AAP parameters and 
corrections for ortho- and ortho-ortho-effects were used. The 
geometric parameters of the molecules were either taken from 
the electronographic data 9 or determined by combination of 
the known parameters for other molecules of this group. 

Results and Discuss ion  

The experimental and calcula ted Henry ' s  constants  
obtained in this work and published previously ~3 are 
compared in Table 1. The exper imental  K t values given 
in Tables 1 and 2 were de te rmined  by the known proce-  

Table I. Experimental and calculated Henry, "s constants (lnK~) 
tbr adsorption of monochloronaphthalenes on GTC at 575 K 
obtained in previous 13 (1) and this work (11) 

Molecule In(Kt/cm 3 m -2) 

I II 

exper- calcula- exper- calculation 

iment tion iment I a 2 ~ 

I-Chloronaphthalene 2.084 1.608 1.35 1.51 1.46 
2-Chloronaphthalene 2 .243  1.672 1.44 1.56 1.56 

o Calculation was performed using the known AAP. 
b The correction for the ortho-interaction of the CI atom with 
the C atom of the adjacent benzene ring was introduced into 
AAP. 

Table 2. Experimental and calculated Henry's constants (InKj) 
for adsorption of dichloronaphthalenes on GTC at 575 K 
obtained in previous 13 (I) and this work (11) 

Molecule In(Kl/cm 3 m -2) 

I I1, 

exper- calcula- calculation 

iment tion I a 2 ~ 

1.4-Dichlorona 
1,3- Dichlorona 
1,5-Dichlorona 
1,6-Dichlorona 
2.7- Dichlorona 
1.7- Dichlorona 
2,6- Dichlorona 
2.3- Dichlorona 
1.2-Dichlorona 
1,8-Dichlorona 

}hthalene 3.432 2.847 2.69 2.61 
)hthalene -- 2.861 2.76 2.72 
)hthalene 3.404 2.870 2.71 2.63 
)hthalene -- 2.877 2.73 2.69 
)hthalene 3.666 2.928 2.79 2.79 
}hthalene -- 2.933 2.86 2.82 
)hthalene -- 2.985 2.80 2.80 
)hthalene 3.646 3.011 2.93 2.81 
)hthalene 3.575 3.043 2.99 2.79 
)hthalene 3.604 3.073 3.03 2.95 (2.79) e 

a Calculation was performed using the known AAP. 
b The corrections for ortho- and ortho-ortho-interactions of the 
CI atoms were introduced into A.AP. 
" Calculation was performed taking into account the specific 
ortho-interaction of the CI atoms in positions I and 8. 
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dure. 1,2,6 Tile published 13 experimental heats of adsorp- 
tion were calculated from Eqs. (6) and (7), and molecular 
statistical calculations were performed 13 in terms of atom- 
atomic approximation using the semi-empirical molecu- 
lar statistical theory of adsorption.l,2,6 In calculations the 
authors 13 used AAP in the form of the Lennard-Jones 
potential, but did not refine its parameters and correc- 
tions for ortho-efl'ects were not applied. It is seen in 
Table I that the differences in the previously deter- 
mined 13 experimental K I values for the molecules studied 
and those in the present report are very high and exceed 
substantially the experimental error (-10%).14 Other pub- 
lished data on retention of chloronaphthalenes on GTC 
are lacking; however, it is known that the order ofelution 
of the isomers from a column with GTC corresponding to 
changing K I is independent of the absolute values of these 
constants, t0 This regularity was observed when experi- 
mental values for all isomers were obtained on the same 
column by the same author. Therefore, the order of 
elution of isomers from the column with GTC, i.e., the 
sequence of changing Henry 's  constants (retention val- 
ues), can be used to determine corrections for the ortho- 
arrangement of substituents. For quantitative determina- 
tion of the correction, it is reasonablle to use the differ- 
ence in the retention values of adjacent isomers, i.e., the 
difference in K l values, for example, for l-  and 
2-chloronaphthalenes. As follows from Table I, the dif- 
ferences in Kj values calculated for l- and 2-chloro- 
naphthatenes are 0.16 (see Ref. 13) or 0.09 (this work), 
whereas calculations without the correction to the ortho- 
interaction of the CI and C atoms in positions 1 and 8 
give 0.064 and 0.05, respectively. It can be assumed that 
the divergence between the experimental and calculated 
relative differences in retention of isomeric I- and 
2-chloronaphthalenes is due to the fact that the AAP used 
Ibr calculations ignores the change in the parameters of 
this potential caused by the interaction of the CI atom in 
position I with the C atom in position 8. A result 
coinciding with the experimental difference is obtained 
only when a correction is introduced into AAP. The 
considerable divergence of the experimental data for 
monochloronaphthalenes does not allow the refinement 
of the AAP parameters to be made using reference mol- 
ecules by the known procedures, l - s  Therefore, relative 
differences in retention were used in this work to deter- 
mine corrections. The value of 0.09 obtained from the 
experimental Henry 's  constants that were determined in 
this-work was used as the reference, because .these v_alues 
are close to the constants theoretically calculated previ- 
ously 13 and in this work. The correction for AAP was 
determined by variation of the potential parameters for 
the interaction of the CI atom with the C atom of 
graphite in such a manner  that the differences in reten- 
tion for 1- and 2-chloronaphthalenes coincided with the 
experimental value (0,09). The correction is 0.92, i.e., the 
AAP parameters for the Cl atom in position 1 of the 
chloronaphthalene molecule is lower than those for the 
CI atom in position 2. This correction lbr the CI atom is 

close to that obtained l~ to take into account the effect 
of ortho-arrangement of Cl atoms in chlorobenzenes. 

Henry 's  constants and the heats of adsorption for 
dichloronaphthalenes were calculated using this correc- 
tion and the correction for the ortho-ortho-effect intro- 
duced for the CI atom between two adjacent CI atoms as, 
e.g., the CI atom in position 2 in 1,2,3-trichloro- 
benzene, i~ These compounds were chosen to verify 
reliability of the results obtained with the corrections 
proposed. The experimental and theoretical values of K I 
anf  beats of adsorption for some dichloronaphthalenes 
have been published. 13 The experimental K! values for 
dichloronaphthalenes t3 are unusable for direct compari- 
son with the calculation findings, because the values for 
monochloronaphthalenes and chlorobenzenes differ sig- 
nificantly from those of this and previous works, x~ 
A substantial overestimating of the obtained 13 K t values 
is also indicated by the extremely high K t value for 
naphthalene, which exceeds considerably the correspond- 
ing constants known from the literature. 15,16 At the same 
time, even at so high errors in absolute K I values, tile 
experimentally observed order of elution of isomers from 
the column with GTC (see Table 2) confirms the reli- 
ability of the corrections introduced. The theoretical 

P 
calculation 13 does not represent the experimental order 
of elution of isomers from the column with GTC, be- 
cause it is based on the atom-atomic approximation only 
and does not contain corrections for ortho-effects. The 
experimental and calculated K t values for isomeric 
dichloronaphthalenes are compared in Table 2. It is 
seen that the values of Henry's constants calculated with 
corrections for ortho-effects describe correctly (within 
the experimental error) the experimental order ofelution 
of isomers from the column with GTC. The K t value for 
1,8-dichloronaphthalene, for which an anomalously high 
value is obtained, is the exception. The divergence be- 
tween the experiment and calculation is explained by the 
fact that the CI atoms in positions 1 and 8 interact with 
each other and with the C atoms in positions 8 and l, 
respectively. This interaction results in a much higher 
change in AAP as compared to the potentials describing 
the standard ortho-interaction of the Cl atoms and ortho- 
interaction of the Cl and C atoms in position 8. Based on 
the experimental order of elution of isomers from the 
column with GTC, we determined the correction for 
AAP that brings tile calculation and experiment into 
agreement. The correction by absolute value (0.89) is 
close t ~ that for the ot~tho-orthoTarrangement of CI atoms 
in chlorobenzenes (0.885), but it allows one to take into 
account the 1,8-arrangement of the CI atoms in the 
naphthalene molecule. The KI value for 1,8-dichloro- 
naphthalene calculated by the corrected AAP describes 
correctly the experimental order of elution of this isomer 
from the columrf with GTC (see Table 2). 

it is of interest to estimate the influence of the 
corrections in AAP for ortho-effects on the absolute K v 
values of polychlorinated naphthalenes. The InK I values 
calculated with and without these corrections are pre- 
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Table 3. Henry's constants (InK 0 for adsorption of 
trichloronaphthalenes on GTC at 575 K calculated 
without (1) and with corrections for ortho- and ortho- 
ortho-e ffects (2) 

Molecule In(Kt/cm 3 m -2) 

1 2 

1,3,6-Tnchloronaphthalene 3.86 3.80 
1,4,6-Trichloronaphthalene 3,94 3.82 
1,3,5-Trichloronaphthalene 4.03 3.90 
1,3,7-Trichloronaphthalene 4.07 4.01 
2,3,6-Trichloronaphthalene 4.13 4.01 
1,2,5-Trichloronaphthalene 4.15 3.91 
1,2,6-Trichloronaphthalene 4.19 4.01 
1,2,4-Tfichloronaphthalene 4.20 3.95 
1,4,5-Trichloronaphthalene 4.22 3.9 I 
2.3,5-Trichloronaphthatene 4.25 4.06 
1,3,8-Trichloronaphthalene 4.26 4.04 
1,2,7-Trichloronaphthalene 4.35 4.16 
1,2,3-Trichloronaphthalene 4.38 4.07 
1,2,8-Trichloronaph~halene 4.51 4.21 

Table 4. Henry's constants (InK I) for adsorption of 
tetrachloronaphthalenes on GTC at 575 K calculated 
without (1) and with corrections for ortho- and ortho- 
ortho-effects (2) 

Molecule In( KJcm 3 m -2) 

/ 2 

1.3,5,7-Tetrachlorona 
1,3,6,7-Tetrachlorona 
1,3,6,8-Tetrachlorona 
1.2,4,7-Tetrachlorona 
1,2,5,7-Tet rachlorona 
1,2,4,6-Tetrachlorona 
1,4,6, 7- Tetrachlorona 
2,3,6,7-Tetrachlorona 
1,2,3,6-Tet rac hlorona 
1,2,5,6-Tetrachlorona 
1,3,5,8-Tetrachlorona 
1,2,5,8-Tetrachlorona 
1,2,3,5-Tetrachlorona 
1,2,3,7-Tet rachlorona 
1,2,4,8-Tet rachlorona 
1,2,6.7-Tetrachlorona 
1,2,6,8-Tetrachlorona 
1,2,4,5-Tetrachlorona 
1,4,5,8-Tetrachlorona 
1.2,3,4-Tetrachlorona 
1,2,3,8-Tetrachlorona 
1,2,7,8-Tetrachlorona 

~hthalene 5.36 5.23 
)hthalene 5.41 5,21 
~hthalene 5.42 5.17 
~hthalene 5.43 5.18 
~hthatene 5.45 5.20 
~hthalene 5.46 5.21 
~hthalene 5.47 5,21 
~h|halene 5.49 5.24 
~hthalene 5.50 5.19 
~hthalene 5.60 5.23 
~hthalene 5.62 5.21 
~hthalene 5.63 5.25 
~hthalene 5.66 5.29 
~hthalene 5.69 5.38 
}hthalene 5.70 5.33 
~hthalene 5.71 5.40 
~hthalene 5.72 5.4 I 
~hthalene 5.72 5.29 
~hthalene 5.73 5.24 
3hthalene 5.83 5.34 
:~hthalene 5.91 5.48 
~hthalene 6.07 5.63 

sented in Table 3. It is seen that the introduction of the 
corrections leads to a decrease in the absolute values of 
the constants, especially for the ortho-substituted iso- 
mers. Due to this, the interval of changing the constants 
decreases and the order of elution of isomers changes. 
The calculated data suggest that the complete chro- 
matographic  separat ion of all isomeric trichloro- 
naphthalenes on a micropacking column with GTC 
cannot  be achieved in practice. 

Table 5. Henry's constants (INK1) for adsorption of 
penta-, hexa-, hepta-, and octachloronaphthalenes on 
GTC at 575 K calculated without (I) and with correc- 
tions tbr ortho- and ortho-ortho-effects (7) 

Molecule ImKi/cm -~ m -2) 

1 2 

1,2,3.7,8~ Pentachloronaphthalene 
t ,2,3,4,5- Pentachloronaphthalene 
1,2,4,5,8- Pentachloronapht halene 
1,2,3,5,8- Pentachloronaphthalene 
1,2,4,5,6- Pentachloronaphthalene 
1,2,4,7,8- Pe ntachloronaphthalene 
|,2,3,5,6-Pentachloronaphthalene 
1,2,3,4,6- Pentachtoronapht halene 
1.2,3,6,8-Pentachloronaphthalene 
1.2,3,6,7- Pentachloronaphthalene 
1.2,4,5,6- Pentachloronaphthalene 
1,2,4,5,7- Pe ntachloronaphthalene 
1,2,3,5,7- Pentachloronaphthalene 
1,2,4,6,7- Penlachloronaphthalene 
1,2,3,4,5,8- H exachloronaph thalene 
1,2,3,4,5,6- Hexachloronaphthalene 
1,2,3.6,7,8-Hexachloronaphthalene 
1,2,4,5,6,8- Hexachloronaphthale ne 
1,2,4,5,7,8- Hexachloronaphthalene 
1,2.4,6,7,8- Hexachloronaph thale ne 
I, 2,3,4,5,7- Hexachloronaphthalene 
1,2,3,5.6,8- Hexachtoronaphthalene 
1,2,3,5,6,7- Hexachloronapht halene 
1,2,3.4.6,7- Hexac hloronaphthalene 
1,2,3,4,5,6,8- Heptachloronapht halene 
1,2,3,4,5.6,7- HeptacMoronapht halene 
Octachloronaphthalene 

7.37 6.87 
7.35 6.73 
7.20 6.65 
7.16 6.66 
7.15 6.65 
7.13 6.63 
7. I0 6.60 
7.08 6.59 
7.07 6.63 
7.05 6.61 
7.02 6.65 
7.01 6.57 
699 6.61 
6.98 6.98 
8.84 8.10 
8.78 8.09 
8.73 8.10 
8.71 8.08 
8.70 8.07 
8.67 8.10 
8.67 8.04 
8.66 8.03 
8.63 8.00 
8.62 7.99 

10,36 9.54 
10.32 9.49 
12.01 11.00 

Similar results were ob ta ined  for t e t rach loro-  
naphthalenes (Table 4). The introduction of corrections 
for ortho-effects decreases the absolute Kt values and the 
differences in retention of the isomers. For penta-,  
hexa-, and heptachloronaphthalenes, the differences in 
the constants calculated with and without corrections 
for ortho-effects increase regularly, reaching the maxi- 
mum value for octachloronaphthalene (Table 5). The 
introduction of corrections for the ortho-effect should 
result in a change in the expected order of elution of the 
majority of isomers from the column with GTC. The 
decrease in the interval of changing the absolute K~ 
values due to ortho-effects suggests that mixtures of 
potychloronaphthalenes can be separated on the column 
with GTC t0 t3omologous groups based on the degree of 
substitution. 

As compared to H e n w ' s  constants, the heals of 
adsorption are less sensitive to changes in AAP; how- 
ever, they correspond more rigidly to the atom-atomic 
approximation and, hence, they are an important crite- 
rion of reliability of experimental and calculated values. 
The previously obtained data 13 and the results of this 
work (Table 6) show that the differences in the calcu- 
lated heats of adsorption do not exceed the experimental 
error. The introduction of the corrections for ortho- 
effects results in an insignificant decrease in the heats of 



Adsorp t ion  o f  c h l o r o n a p h t h a l e n e s  on  carbon black Russ.Chem.Bull., Vol. 48, No. 8, August, 1999 1471 

Table 6. Experimental and calculated heats of adsorption (ql) 
of dichloronaphthalenes on GTC at 575 K obtained in previ- 
ous 13 (1) and this work (11) 

Molecule qb/kJ mol -~ 

l II, 

expert- calcula- calculation 

ment ~ tion 1 ~' 2 

1,4- Dichtoronaphthalene 68 78.5 77.3 76.9 
1,3- Dichloronaphthalene -- 78.8 77.7 77.6 
1,5- Dichloronaphthalene 68 78.4 76.9 76.4 
1.6- Dichloronapht halene -- 78.5 77.3 77.2 
2,7- Dichloronaphthalene 68 78.7 77.7 77.7 
1,7- Dichloronaphthalene -- 791 78.1 78.1 
2,6- Dichloronaphtha)ene - 78.5 77.3 77.3 
2,3- Dichloronapht halene 66 79.1 78.1 77.7 
1.2- Dichloronaphthalene 67 79.2 78.5 77.3 
1,8-Dichloronaphthalene 73 79.2 78.5 77.7 (77 .3 /  

The experimental error is _.+1 kJ tool - t  
t, Calculation was peri'brmed using the known AAP. 
' The corrections for orrho- and ortho-orlho-interactions of the 
CI atoms were introduced into AAP. 
d Calculation was performed taking into account the specific 
ortho-interaction of the CI atoms in positions I and 8. 

Table 7. Intervals of changing the heats of adsorption (ql) of 
chloronaphthalenes on GTC at 575 K calculated without 1) 
and with corrections for ortho- and ortho-orrho-effects (2) 

Homologous group q~/kJ tool -~ 

1 2 

Monochloronaphthalenes 
Dichloronaphthatenes 
Trichloronaphthalenes 
Tetrachloronaphthale nes 
Pentachloronaphthalenes 
Hexaehloronapht halenes 
Heptachloronapht halenes 
Octachloronapht hale ne 

69.7 69.6--69.7 
76.9--78.5 76.9--77.7 
86.5--87.4 85.3--85.7 
94.5--94.9 93.2--93.7 

103.3--104.2 100.8--101.0 
112.1--112.5 108.8--109.0 
t21.0--121.2 117.0--117.1 

132.0 124.5 

adsorp t ion .  C o m p a r i s o n  o f  the  ca lcu la ted  and experi-  
men ta l  results suggests  tha t  the  exper imen ta l  heats of  
adso rp t ion  are u n d e r e s t i m a t e d  by 10--12  kJ mol -t .  The  
heats  o f  adso rp t ion  for  1 , 8 - d i c h l o r o n a p h t h a l e n e  differ 
much  less from the  c a l c u l a t e d  values. Since the calcula-  
t ions  us ing di f ferent  A A P  give close values of heats of  
adsorp t ion ,  this  is, m o s t  l ike ly ,  an  exper imen ta l  e r ror  . . . . .  

For  o t h e r  p o l y c h l o r o n a p h t h a l e n e s ,  differences in the 
heats  o f  adsorp t ion  o f  i somers  are also low. Therefore ,  
only in tervals  of  c h a n g i n g  t he  values for each h o m o l o -  
gous g roup  are p r e s e n t e d  in F a b l e  7. It is seen that  the 
d i f fe rence  in heats  o f  a d s o r p t i o n  ca lcu la ted  with and  
wi thou t  co r rec t ions  for ortho-effects increases regularly 
with increas ing  degree  o f  subs t i tu t ion .  

Thus ,  co r r ec t i ons  in ,NAP tak ing  in to  accoun t  differ- 
ences  in the  pos i t ion  o f  the  CI a tom in the  n a p h t h a l e n e  
molecu le  were d e t e r m i n e d  in this  work. It was shown 

for m o n o -  and d i c h l o r o n a p h t h a l e n e s  that  these  co r r ec -  
t ions can  be used to p red ic t  the  order  o f  e l u t i on  of  
isomers from a c o l u m n  wi th  G T C  and to ca lcu la te  
H e n r y ' s  constants  and hea ts  o f  adsorp t ion  o f  all iso- 
meric po lych lo ronaph tha l enes .  The  data o b t a i n e d  can  
be used for calculat ions  of  the  t h e r m o d y n a m i c  p a r a m -  
eters o f  adsorpt ion o f  molecu le s  of  o ther  classes wi th  a 
s imilar  s tructural  f r agment  and  for e s t ima t ion  o f  the  
possibili ty of  separat ing speci f ic  mixtures  of  c h l o r o -  
n a p h t h a l e n e s  on co lumns  wi th  nonporous  c a r b o n  s o l  
bents  of  the GTC type. 
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