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O N  NORMAL-PHASE SILICA AND 
ALUMINA COLUMNS 

II. HALOGENOBENZENES AND 
HALOGENOBIPHENY LS 
R.F. REKKER'L, G. DE V R I E S ~ ,  

AND G.J. BIJLOO' 
'Department of Pharniacocheniistry 

'Departnieirt of Airalytical Chemistry 
Vrije Uitiversiteit 
De Boelelaart 1083 

1081 HV Amsterdam 
The Net her lands 

ABSTRACT 

Prev ious ly  repor ted data on the  r e t e n t i o n  o f  halogenoben- 
zenes and halogenobiphenyls on normal-phase s i l i c a  and alumina 
columns were submitted t o  regression analys is .  

w i t h  s t r u c t u r a l  features;  mutual analogies, f o r  instance those 
between halogenobiphenyls and haltgenobenzenes were unraveled. 
I n  many cases the  appl ied methods have p r e d i c t i v e  mer i t s .  

The der ived l o g  k '  (capaci ty  factor )  values were co r re la ted  

INTRODUCTION 

I n  a p rev ious l y  published study (I) we inves t i ga ted  t h e  

chromatographic behaviour o f  a l k y l -  and alkylhalogenobenzenes 

* t o  receive a l l  correspondence 
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696 REKKER, DE VRIES, AND BIJLOO 

on normal-phase s i l i c a  and alumina columns, Retentions, ex- 

pressed as l o g  k ' ( capac i t y  f a c t o r ) ,  are regulated by the  num- 

ber  of s u b s t i t u t i n g  groups and t o  a l esse r  extent  - although 

s i g n i f i c a n t l y  - by symmetry condi t ions.  

The present paper deels w i t h t h e  regress ion a n a l y s i s o f h t l o -  

genobenzenes and halogenobiphenyls; a number o f  r u l e s  t h a t  gov- 

e rn  t h e  r e t e n t i o n  behaviour are proposed. 

EXPERIMENTAL 

Retent ion data as repor ted i n  the  var ious tab les  are f r o m  

e a r l i e r  s tud ies (2, 3, 4, 5, 6, 7), l a r g e l y  performed by o r e  o f  

the present authors (GdV) . 
Regarding mater ia ls ,  apparatus and f u r t h e r  experimental 

condi t ions,  reference i s  made t o  the f i r s t  paper i n  t h e  present 

se r ies  (I). 
The consistency o f  previous data obtained on s i l i c a  columns 

was checked by repeat ing a f u l l  range o f  measurements on a re- 

c e n t l y  construed column. The r e s u l t s  i n d i c a t e  t h a t  t he  e a r l i e r  

r e t e n t i o n  data can be very e a s i l y  transformed t o  new ones, and 

v i c e  versa. -- 
RESULTS A N )  DISCUSSION 

HALOGEMBE WENS 

Log k '  versus Number o f  Halogen-atom 

Table 1 overviews t h e  expel;imentally der ived log k'-values 

o f  t h i r t y - f o u r  halogenobenzenes. 

Carefu l  inspect ion o f  these data w i t h  i n  mind a poss ib le  

c o r r e l a t i o n  o f  l o g  k'  versus the  number o f  halogen atoms, shows 

t h a t  r e t e n t i o n  data obtained on an alumina column g i ve  incoher- 

ent mutual d i f ferences.  F o r  the moment, i t  seems sensib le  t o  ex- 

c lude these data from f u r t h e r  analys is .  

The r e t e n t i o n a l  behaviour o f  e i g h t  out  o f  t e n  fluoroben- 

zenes on a s i l i c a  column can be co r re la ted  as fo l lows:  
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ALKYL- AND HALOGEN SUBSTITUTED AROMATICS. I1 697 

l o g  k '  = -0.049(+0.041) nF + 0.148(+0.122) * Leq. 1) 

n = 8 (Nos 2 - 9 )  r = 0.765 s = 0.052 F = 8.47 

where y denotes the  t o t a l  number o f  f luoro-subst i tuents .  The 

r a t h e r  unsa t i s f y ing  equation can be s i g n i f i c a n t l y  improved by 

a p p l i c a t i o n  o f  a second parameter: n represent ing 

the  summated number o f  or tho-pairs and para-pairs present i n  

each o f  the fluorobenzenes under considerat ion ( s e e  Table 1 f o r  

d e t a i l e d  informat ion) . 

o r tho  + para 

l o g  k '  = -0.166(+0.067) + 0.087(+0.048) northo + Para 

0.305(+0.106) (es. 2) 

n = 8 r = 0.954 s = 0.027 F = 29.8 

N m e r i c a l  parameters, l i k e  northo+para, can adequately ac- 

count f o r  changes i n  molecular symmetry as was demonstrated i n  

our previous paper (1) f o r  methylbenzenes. 

A l l  numerical combinations which make a s a t i s f y i n g  d is-  

t i n c t i o n  between subst i tuent  p o s i t i o n s  i n  the  s u b s t i t u t i o n  

p a t t e r n  appl ied i n  some data se t ,  can i n  p r i n c i p l e  be consid- 

ered f o r  a t r y  out .  I n  equat ion2 t h e  ortho- and para-pair  

summation proved preferable:  t h e  h igher  i t s  value t h e  more 

dissymmetry i s  accentuated. A consequent a p p l i c a t i o n  o f  t h i s  

concept, however, demands f o r  exclusion o f  pentaf luoro- and 

hexafluorobenzene f r o m  the  above regression. D i f f e rences  be- 

tween observed and estimated l o g  k ' - v a l u e s  o f  -0.14 and 

-0.42, respec t i ve l y ,  q u a l i f y  both compounds as considerable 

o u t l i e r s .  

Chloro-, bromo- and iodobenzenes can be co l l ec ted  i n  t h e  

f o l l o w i n g  regression equation: 

l o g  k '  = -0.242(+0.026) nhal + O.l%(t0.025) northo 

+ 0.024(+0.028) n + 0.077(+0.025) D,, para 
+ 0.047(+0.012) O 2  + 0.295(+0.051) (es. 3) 

n = 2U r = 0.984 s = 0.033 F = 105 

* i n  brackets the  95% confidence i n t e r v a l s .  
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lAHLE 1 
Haloaenobenzenes on S i l i c a  and Alumina Columns 

1 benzene 0.375 -0.032 
fluoro-benzenes 
2 mono 
3 1,Z-di 
4 1,3-di 
5 1,4-di 
6 l 1 2 , 4 - t r i  
7 I l2,3,4-tetra 
8 I l2,3,5-tetra 
9 1 ,2 ,4 ,5 te t ra  

10 penta 
11 hexa 

12 mono 
13 1,Z-di 
14 1,3-di 
15 1,4-di 
16 1,2,3-tr i  
17 1,2,4-tr i  
18 1,3,5-tr i  
19 1,2,3,4-tetra 
20 1 ,2 ,3 ,5 te t ra  
21 1,2,4,5-tetra 
22 penta 
23 hexa 

24 mono 
25 1,Z-di 
26 1,3-di 
27 1,4-di 
28 1,2,4-tr i  
29 1,3,5-tri 
30 1,2,4,5-tetra 
31 penta 
32 hexa 

33 mono 

ch loro-benze nes 

bromo-benzenes 

iodo-benzenes 

0.111 
0.057 
-0.022 

0.093 
0.000 

-0.013 
-0.125 
-0.004 
-0.143 
-0.328 
- - 
0.033 

-0.027 
-0.187 
-0.149 
-0.086 
-0.194 
-0.432 
-0.180 
-0.387 
-0.337 
-0.409 
-0.523 
- - 
0.079 
0.072 

-0.092 
-0.060 
-0.076 
-0.310 
-0.137 -u 
-0.119 

0.097 

0.000 1 o+o 0.139 -0.028 6.43 
0.025 2 1+0 0.060 -0.003 6.85 

-0.119 2 o+o -0.026 0.004 6.05 
0.025 2 Bt l  0.060 0.033 6.85 

-0.051 3 1+1 -0.018 0.018 7.27 
-0.119 4 3+1 -0.011 -0.002 7.69 
-0,292 4 2+1 -0.097 -0.028 7.69 
-0.114 4 2+2 -0.011 0.007 7.69 
-0.143 5[4+2] -0.003 -0.140 8.11 
-0.328 6 he3 0.092 -0.420 8.53 

0.061 1 0 0 0 0 0.053 -0.020 7.14 
0.196 2 1 0 0 0 -0.033 0.006 8.27 

-0.032 2 0 0 0 0 -0.189 0.002 8.27 
0.049 2 0 1 0 0 -0.165 0.016 8.27 
0.276 3 2 0 0 0 -0.119 0.033 9.40 
0.009 3 1 1 0 0 -0.251 0.057 9.40 

-0.357 3 0 0 0 0 -0.430 -0,002 9.40 
0.223 4 3 1 0 0 -0.181 0.001 10.53 

-0.161 4 2 1 0 0 -0,337 -0,050 10.53 
-0.125 4 2 2 0 0 -0.313 -0.024 10.53 
-0.046 5 ( 4  2 0 0 -0.243 -0.166 11.66 
-0.046 6 ( 6  H 3 0 0 -0.149 -0.374 12.79 

0.243 1 0 0 0 1 0.100 -0.021 7.46 
0.530 2 1 0 0 2 0.062 0.010 8.91 
0.272 2 0 0 0 2 -0,094 0.002 8.91 
0.398 2 0 1 0 2 -0.070 U.010 8.91 
0.509 3 1 1 0 3 -0.109 0.033 10.36 
0.104 3 0 0 0 3 -0.288 -0.022 10.36 
0.593 4 2 2 0 4 -0.124 -0.013 11.81 
1.11 5 4 2 0 5 -0.008 -0.111 13.26 
1.49 6 H I  6 3 0 6 0.133 -0.252 14.71 

0.465 1 0 0 1 0  0.130 -0.033 7.64 
34 1,3-di -0.027 0.765 2 0 0 2 0 -0.035 0.000 9.67 
35 1,4-di -0.004 0.988 2 0 1 2 0 -0,012 0.008 9.67 

Notes t o  Table I: 
Column 5: 1 = nh, 2 = no, 3 = n , 4 = O 1  and 5 = U2; n - t o t a l  
number o f  halogen-substituents;Pindices o and p denote & and @- 

ra ,  respec t ive ly  (see t e x t  f o r  c loser  informat ion;  D 1  and02: dumny- 
parameters; f o r  chloro-benzenes O1 =02 = 0, f o r  bromo-benzenes O 1  
= 0 and 0 - n  and f o r  iodo-benzenes 0 nh and D2=0; 
Parameters given i n  brackets are forrnalyy cor rec t  bu t  f a i l  i n  a 
proper descr ip t ion  o f  the compounds i n  eqns. 2 and 3; 
Underl ined l o g  k ' - v q l u e s  were excluded from the f i n a l  regres- 
s ion ca lcu la t ion ;  t h e i r  heav i l y  dev ia t ing  estimates are included 
i n  the column concerned; t h i s  column gives l o g  k ' (es t )  -values 
e i t h e r  from eqn. 2 o r  from eqn. 3 (see  p x t ) .  

= molecular surface area, given i n  f . 

2- h 
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ALKYL- AND HALOGEN SUBSTITUTED AROMATICS. I1 699 

where n i n d i c a t e s  the t o t a l  number o f  halogen-substituents 

and n 

respect ive ly ;  t he  l a t t e r  parametr izet ion proved super io r  t o  the  

parametr izat ion w i t h  northo+ para app l i ed  f o r  fluorobenzenes 

(note the subs tan t i a l  d i f f e rences  between the  regressor-values 

o f  n i n  eqn. 3). O 1  and O2 represent so-cal led 

dummy-parameters (sometimes denoted as indicator-values) : f o r  

chlorobenzenes O 1  = O 2  = 0, independent o f  t he  t o t a l  number o f  

chloro-subst i tuents,  f o r  bromobenzenes O 1  = 0 and 0 = nhal and 

f o r  t h e  iodobenzenes O 1  = nhal and O 2  = 0 .  Although t h e  impact 

o f  parameter n 

i t  seems s i g n i f i c a n t .  

ha1 
and n denote t h e  number o f  or tho- and par'a-pairs, 

or tho para 

and n o r tho  para 

is no t  more than a f r a c t i o n  o f  t h a t o f  northo, 
para 

Here too,  penta- and hexahalogen-substituted benzenes have 

t o  be omit ted from the regression-equation. D i f f e rences  between 

observed and estimated l o g  k '  -va lues vary ing from -0.11 t o  

-0.25 show t h a t  they are unacceptable o u t l i e r s ,  probably f o r  

t he  same reasons as f o r  pentaf luoro- and hexafluorobenzene (see 

t h e  concluding paragraphs o f  next  sect ion) . 
The i n t e r c e p t  values o f  eqns. 2 and 3 ,  wi th  an average o f  

0.300, represent t h e  estimeted l o g  k ' - v a l u e  f o r  benzene on a 

s i l i c a  column. The observed value f o r  benzene i s  0.375, however, 

and t h i s  d i f f e rence  should be r e l a t e d  t o  a p r i n c i p l e  change i n  

the  e l e c t r o n i c  behaviour o f  t h e  phenyl r i n g :  i t  operates as an 

electron-sink i n  case the  r i n g  i s  at tached t o  H o r  t o  an a l k y l -  

group but  as an e lect ron-suppl ier  i f  attached t o  halogen. 

I n  view o f  t h e  good q u a l i t y  o f  eqn. 3 the a p p l i c a t i o n  o f  a 

and n parametr izat ion instead o f  t h e  com- 

parameter-set would v i r t u a l l y  be rezommen- 
or tho Para separate n 

bined "ortho + para 
dable f o r  eqn. 2. With an e x t r a  parameter added t o  t h e  p a i r  a l -  

ready used i n  eqn. 2, however, a f u l l y  unacceptable r a t i o  be- 

tween the number o f  data p o i n t s  and t h e  system's degree o f  f ree- 

dom would occur. 

A sample of 1,3,5-trif luorobenzene we had s ince r e c e n t l y  a t  

our disposal ,  enabled us t o  perform some check on the  p r e d i c t i v e  

mer i t s  o f  eqn. 2: the observed l o g  k '  - va lue  (-0.205) f o r  t h i s  
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700 REKKER, DE VRIES, AND BIJLOO 

compound was i n  an acceptable accordance w i th  i t s  estimate from 

eqn. 2: l o g  k' =-0.153, t he  more so as we had t o  use a f r e s h l y  

prepared column i n c l u d i n g  a f u l l  c a l i b r a t i o n  procedure. 

Comparison o f  eqns. 2 and 3 w i t h  the  corresponding equation 

der ived f o r  methylbenzene re ten t i ons  ( 1) reveals  some i n t e r e s t -  

i n g  d e t a i l s :  

l o g  k '  = 0.085(+o.002) nMe + 0.020(t0.003) (northo - npara 1 
+ 0.377(20.007) (es. 4) 

n = 13 r = 0.999 s = 0,006 F = 4390 

- Note: The i n t e r c e p t  o f  t h i s  equation has the co r rec t  l o g  k ' -  
value as observed f o r  benzene: t h e  phenyl r i n g  operates as 
an electron-sink both f o r  H and f o r  methyl groups. The 
second parameter had t o  be app l i ed  i n  o r d e r  t o  ob ts in  op- 
timal c o r r e l n t i o n  : the  c;rrelatiori c o e f f i c i e n t  irm-Eased 
from 0.985 t o  0.999. 

Dif ferences between methyl- and naiogen-subst i tut ion w i l l  

be discussed i n  the next sect ion.  

Halogenobenzene versus Methylbenzene Retent ion 

The adsorpt ion o f  benzene on s i l i c a  seems t o  i n v o l v e  hydro- 

gen bonding between the 7C-cloud o f  t he  benzene-nucleus and sur- 

face s i l a n o l  groups o f  t h e  adsorbent, an idea ra i sed  by Puranik 

and Kumar ( E ) ,  whicf- f i n d s  regu la r  appl icat ion;  see, for i n -  

stance, Snyder ( 9 ,  l o ) ,  KnBzinger (11) and Pchle (12). The p r i n -  

c i p l e  o f  benzene adsorpt ion t o  a r  alumina surface w i l l  on ly  d i f -  

f e r  from t h i s  pa t te rn  i n  as f a r  as the  Al+-si tes take over t h e  

r o l e  o f  the s i l i c a  -OH groups w i th  a b ind ing o f  t he  i o n i c  type. 

F o r  each methyl group introduced i n  the  benzene-nucleus we 

observe a constant p o s i t i v e  impact on the  adsorpt ion:  A l o g  k '  

= 0.085. The e f f e c t  o f  t h e  methyl group i s  e l e c t r o n i c  i n  nature 

and has t o  be connected w i th  i t s  negat ive Hamnett U -va lue .Th is  

value r e f l e c t s  the resonance c o n t r i b u t i o n  o f  t he  e l e c t r o n i c  e f -  

f ec t ,  the i n d u c t i v e  p a r t  o f  t h i s  e f f e c t  being equal t o  zero f o r  

a l l  a l k y l  groups (13). 
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ALKYL- A N D  HALOGEN SUBSTITUTED AROMATICS. I1 70 1 

I 
I 
I 1 

increased a b s e n t  decreased weak 

binding binding binding binding * 
t o  t o  t o  to  

FIGURE 1. Schematized binding-di f ferences between alkylbenzenes 
and halogenobenzenes on s i l i c a  and alumina, r e l a t i v e  
t o  the b ind ing o f  benzene on these adsorbents. 
X denotes halogen; the  l o w e r  p a r t  o f  t h e  f i g u r e  p i c -  
t u r i z e s  t h e  adsorbent e i t h e r  a c t i v e  w i t h  i t s  s i l a -  
nol-OH groups o r  w i t h  i t s  Al+-sites;*: some increas- 
ed b ind ing may a r i s e  from p o l a r i z a b i l i t y  e f f e c t s .  

The nEgative s ign  o f  U denotes t h a t  t h e  e f f e c t  i s  d i r e c t e d  

away f r o m  the  CH3 towards the phenyl group. A c l e a r  v i sua l i za -  

t i o n  i s  given i n  f i g .  1. I n  t h i s  f i g u r e  b ind ing  d i f f e rences  be- 

tween alkylbenzenes and halogenobenzenes become c l e a r  f r o m  t h e  

s igns o f  t h e i r  Hammett U-constants.  A s  d i s t i n c t  from methyl  

(and other  a l k y l  groups) halogens have p o s i t i v e  Hammett U -con- 

s tants ,  i . e . ,  t h e i r  t o t a l  e l e c t r o n i c  e f f e c t s  (summated i n d u c t i v e  

and resonance e f fec ts )  are d i rec ted  towards the halogen-atom 

away from the phenyl group and t h i s  w i l l  r e s u l t  i n  a move o f  a 

6 -  charge i n t o  the d i r e c t i o n  o f  t he  halogenatom and hence t h e  

i n d i c a t i o n  6 f o r  t h e  phenyl group i n  f i g .  1. As a consequence 

the  7C-field i s  r e l a t i v e l y  weakened and the  hydrogen-bonding 

power i s  correspondingly decreased. I n  i t s  t u r n  the  halogen- 

atom w i t h  i t s  8 -  charge w i l l  a t t a i n  a weak b ind ing  power t o  

S i - O H  s i t e s  on the s i l i c a .  

+ 
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702 REKKER, DE VRIES, AND BIJLOO 

The t y p i c a l  e f f e c t s  observed when changing t h e  halogen- 

subst i tuent  along the sequence F...Cl...Er...I puts  F apar t  from 

the  others (compare eqn. 2 w i t h  eqn. 3) .  I t  necess i ta tes t h e  

usage o f  a dummy parametr izat ion f o r  C1, E r  and I i n  order t o  

ob ta in  an acceptable regression equation. In our  op in ion t h i s  

would suggest a j o i n t  operat ion o f  an e l e c t r o n i c  parameter 

(Hammett a )  and a second one which i s  connected w i th  s ize.  I n  

o the r  words: t he  e f f e c t  o f  halogen on the  b ind ing e f f e c t  could 

depend on halogen p o l a r i z a b i l i t y ,  a proper ty  o f  which we know 

t h a t  i t  i s  smal l  f o r  F and increases i n  the  order  F...Cl...Er. 
* .l. 

I n  the  next sect ion we w i l l  present an evident r e l a t i o n s h i p  

between r e t e n t i o n  and the  s i ze  o f  t he  molecule; and more d i s -  

cussions about t h i s  subject  w i l l  be h e l d  i n  a forthcoming paper. 

I n  the  previous sect ion we repor ted on the  dev ia t i ng  beha- 

v i o u r  of penta- and hexahalogenobenzenes. One o f  t h e  reasons 

f o r  these compounds o f  n o t  being accepted i n  eqns. 2 and 3 

should have due connection w i th  the f a c t  t h a t  both penta- and 

hexahalogenobenzenes, although parametrized c o r r e c t l y  according 

t o  the  scheme o u t l i n e d  i n  Table 1 ,  are a c t u a l l y  regain ing symme- 

t r y  on completion o f  t h e i r  s u b s t i t u t i o n  pat tern.  

Other f a c t o r s  are c e r t a i n l y  p lay ing  a r o l e  o f  t h e i r  own; 

and i t  would seem not u n r e a l i s t i c  t o  keep t h e  d u a l i s t i c  elec- 

t r o n i c  behaviour o f  halogen (a combined negative i nduc t i ve  and 

p o s i t i v e  mesomeric e f f e c t )  responsible f o r  t h e  s t r i k i n g  d i f f e r -  

ence between halogenobenzenes and methylbenzenes ( the  l a t t e r  

subject  t o  an exc lus ive p o s i t i v e  mesomeric e f f e c t  from the  CH3 

groups), These problems demand f o r  f u t u r e  r e f l e c t i o n .  

Halogenobenzene and Methyl-monohalogenobenzene Retent ions cor- 
r e l a t e d  w i t h  Eondi 's Molecular Surface Area A 

F igure 2 shows p l o t s  o f  l o g  k ' - v a l u e s  f o r  halogenobenze- 

nes versus molecular surface areas Aw. These values, expressed 

i n  A', are composed from Eondi 's  o r i g i n a l  Tables (14). I n  mak- 

i n g  our choice we based ourselves on t h e  perhaps questionable 
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1.3 

.9 

.5 

I 

-3 

l a t i n  crosses: fluorobenzenes, f i l l e d  c i r c l e s :  chlorobenzenes, 
as te r i sks :  bromobenzenes, squares:iodobenzenes, heavy a s t e r i k s :  
benzene (I) ; numbering o f  compounds: see Table 1. 
l i n e  connects: monoCl (12) - 1,3-diCl (14) - I l 3 ,5 - t r iC1  ( I 8  ; 
l i n e  connects: monoBr (24) - 1,3-diBr (26) - 1 ,3 ,E r t r iB r  (29  I ; 
l i n e  2 connects: Il4-diC1 (15) - 1 , 2 , 4 , 5 t e t r a C l  (21) - hexaCl 
(2.3) ; 
l i n e  g connects: 1,4-diBr (27) - I l2 ,4 ,5- te t raBr  (30) - hexaBr 
(323 ; 
l i n e  e connects: monoCl (12) - 1,Z-diCl (13) - I l2 ,3- t r iC1 (16) 
- 1,2,3,4- te t ra~1 (19). 

FIGURE 2. P l o t s  o f  log k ’  -va lues o f  halogenobenzenes versus molecular 
surface area A obtained f r o m  0ondi-parameters. 

W 

b u t  nevertheless reasonable assumption t h a t  these A - va lues  

match f a i r l y  c o r r e c t l y  t h e  surface o f  t he  molecules as they ex- 

pose themselves t o  the  adsorbent. 

W 

I ns tead  o f  molecular surface area A one might u s e a s w e l l  

van der  Waals volume V and c o r r e l a t i o n s  obtained w i t h  the l a t -  

t e r  parameter do n o t  d i f f e r  s u b s t a n t i a l l y  from those w i t h  Aw.  

t r a p o l a t i o n  t o  t h e  unsubst i tu ted benzene molecule; another p o i n t  

W ’  

W 

The curve-sets represented i n  f i g .  2 a l l ow  an ev ident  ex- 
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704 REKKER, DE VRIES, AND BIJLOO 

of interest is that the alumina curve-set, when observed in the 
direction of the log k' -axis, has a more concavely shaped ap- 
pearance than the silica curve-set. The reason is that the lo- 

cation o f  log k' for benzene in the graphs strongly predeter- 
mines the final curvatures. 

An acceptable construction of log k' / Aw regression equa- 
tions for silicagel-retention was unsuccessful.The aluminadata, 
however, allow some interesting correlations. 

It appeared worth while to apply the ideas developed above 

to a series of compounds taken from Table 1 and to include a num- 
ber of related derivatives in which one o r  more halogens were re- 

placed by methyl groups. The collected data (see  Table 2) gives 

an opportunity to compose five series o f  compounds: mono-, 
- orthodi-, m d i - ,  paradi- and 1,2,4-trisubstituted derivatives 

with halogen and or methylsubstitution, Simple correlations of 
log k' with the appropriate molecular surface area A, calculated 
from Bondi-values could be attained. Although the qualities of 

the regression equations are not a5 good as we usually find, they 

allow the conclusion that the slopes of the four regression lines 

(ortho- and para-disubstituted compounds w r e  combined in one re- 

gression) are almost identical: mean slope - value = 0.560 (st. 

dev. = 0.042). 

mono-substitution 
log k '  = 0.591(+0.774) Aw - 4.199(+5.785) 
n = 4 r = 0.918 s = 0.089 F = 10.8 

with no more than four data points the data matrix is too 
poorly filled for proper judgement of the equation with 
regard to significance (its confidence intervals are un- 
expectedly high). Compared with the results from the eqns. 
6,7 and 8, however, and giving due consideration to the 
four line-slopes, the equation seems acceptable and use- 
ful. 

ortho- and para-disubstitution (combined) 
log k' = 0.578(+0.194) Aw - 4.756(+0.769) (es. 6) 

n = 12 r = 0.903 s = 0.113 F = 44.2 
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TABLE 2 
Flelat ionship between Molecular Surface Area and Retent ion 

determined for Halogenobenzenes and Methyl-monohalogenobenzenes 
on Alumina Columns 

A l o g  k '  l o g  k '  
No compound (obsl A w  'I '2 (est )  

0.061 
0.093 
0.243 
0.465 
0.196 

0.049 
0.350 
0.233 
0.193 
0.530 
0.272 
0.398 
0.785 
0.987 
0.143 
0.143 
0.176 
0.307 
0.297 
0. 332 
0.542 
0.516 
0.003 
0.276 

-0.357 
0.591 
0.433 
0.318 
0.509 
0.104 
0.380 
0.283 
0.250 
0.384 
0.201 
0.436 
0.346 
0.526 
0.538 
O.Al0 
0.350 

-0.032 

0.639 
Note: under l ined l o g  k' (est)  - values a r e  o u t l i e r s  

1 
2 
3 
4 
5 
6 
7 
0 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

C1-benzene 
Me-benzene 
Br-benzene 
I-benzene 
Il2-diC1-benzene 
1 , 3-diC1-benzene 
1 I 4-diC1-benzene 
lI2-diMe-benzene 
1 , 3-diMe-benzene 
Il4-diMe-benzene 
1,Z-diElr-benzene 
1 , 3-diBr-benzene 
ll4-diBr-benzene 
1,3-diI-benzene 
1 ,a-diI-benzene 
2-C 1-Mebenzene 
3-C 1-Mebenze ne 
4-Cl-Mebenzene 
2-Br-Mebenzene 
3-0r-Mebenzene 
4-0 r M e  be nze ne 
2-I-Mebenzene 
3-I-Mebenzene 
1 ,2,4-triCl-benzene 
Il2,3-triC1-benzene 
1 , 3,EGtriCl-benzene 
1 , 2 , 3-triMe-benzene 
Il2,4-triMe-benzene 
1 , 3, ErtriMe-benzene 
1 , 2 , 4- t r iB rbenzene  
1,3,5-triBr-benzene 
2,3-diMe-Clbenzene 
2,4-diMe-Clbenzene 
ZI6-diMe-Clbenzene 
3,4-diMe-Clbenzene 
2,Ei-diMe-Clbenzene 
2,4-diMe-Brbenzene 
3,5-diMe-Brbenzene 
3,4-diMe-Brbenzene 
2,3-diMe-Brbenzene 
2,6-diMe-Brbenzene 
2 , 5-diMe-Brbenzene 
2,4-diMe-Ibenzene 

7.14 
7.45 
7.46 
7.84 
8.27 
8.27 
8.27 
8.89 
8.89 
8.89 
8.91 
8.91 
8.91 
9.67 
9.67 
8.58 
6.58 
8.58 
8.90 
8.90 
8.90 
9.28 
9.28 
3.40 
9.40 
9.40 

10.33 
10.33 
10.33 
10.36 
10.36 
10.02 
10.02 
10.02 
10.02 
10.02 
10.34 
10.34 
10.34 
10.34 
10.34 
10.34 
10.72 

0 0  
0 0  
0 0  
0 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
1 0  
0 1  
0 1  
0 1  
0 1  
0 1  
O ' I  
0 1  
0 1  
0 1  
0 '1 
c 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  
0 1  

0.043 
0.204 
0.209 
0.406 

-0.010 
-0.010 
-0.010 

P.311 
0.311 
0.311 
0.322 
0.322 
0.322 
0.715 
0.715 
0.151 
0.151 
0.151 
0.317 
0.317 
0.317 
0.513 
0.513 

- 

- 

-0.032 
-0.032 
-0.032 

0.449 
0.449 
0.449 
U .465 
0.465 
0.289 
0.289 
0.289 
0.289 
0.289 
0,455 
0.455 
0.455 
0.455 
0.455 
0.455 
0.65'1 

- 

0.018 
-0.11 1 

0.034 
0.059 
0.206 

-0.022 
0.U5Y 
0.039 

-0.078 
-0.118 

a. 208 
-0.050 

0.076 
0.070 
0.272 

-0.008 
-0.008 

P.025 
-0.010 
-0.020 

0.015 
0.029 
0.003 
0.041 
0.308 

0.142 
-0.325 

-0.016 
-0.131 

0.044 
-0.36 1 

0.091 
-0.006 
-0.039 

0.095 
-0.088 
-0.019 
-0.109 

0.072 
0,084 

-0.045 
-0.105 
-0.012 
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706 REKKER, D E  VRIES, A N D  BIJLOO 

meta-subst i tut ion 

l o g  k '  = 0.578(+0.095) Aw - 4.848(+0.844) - 
n = 7 r = 0.990 s = O.OP1 F = 247 

(es. 7) 

1 ,2 ,4 - t r i subs t i t u t i on  

l o g  k '  = 0.495(+0.134) Aw - 4.660(+1.366) (es. 8) 
n = 9 r = 0.953 s = 0.059 F = 76.2 

The a p p l i c a t i o n  o f  a s u i t a b l e  dummy-parametrization enabled 

us t o  combine the above f o u r  regression equations i n t o  a s e t  o f  

37 r e t e n t i o n  data: 

l o g  k'  = 0.518(+0.077) Aw - 0.638(+0.134) O 1  

-1.246(+0.226) D2 - 3.653(+0.581) (w. 9) 

n = 33 r = 0.927 s = 0,072 F = 71.3 

where the dummy-parametrization denotes D 1  = D2 = 0 f o r  rnono- 

s u b s t i t u t i o n ,  D 1  = 1 and O 2  = 0 f o r  d i - subs t i t u t i on ,  D = 0 and 

D2 = 1 f o r  t r i - s u b s t i t u t i o n .  F igure 3 represents a g raph ica l  o- 

verview o f  the f o u r  eqns. 5, 6, ? and 8. Equation 9 accoun ts fo r  

8€$ o f  the t o t a l  variances. We suppose t h a t  t h e  l a c k i n g  14% are 

mainly connected w i t h  e l e c t r o n i c  d i f f e rences  among the  var ious 

subst i tuents .  The regressor value o f  D 2  (= 1.246) a l lows t h e  

const ruct ion o f  a sequence f o r  increas ing s u b s t i t u t i o n  w i th  i n -  

t e r v a l s  o f  1.246/ 2 = 0.623 ( i n  acceptable agreement w i th  0.638). 

0.000 ,. 0.638 .. 1.246 .. 1.869 .. 2.492 .. 3.116 
mono d i  tri t e t r a  penta hexa 

1 

I f  t h e  suggested p a t t e r n  i s  co r rec t ,  eqn.9should havepre- 

d i c t i v e  mer i t s  i n  c a l c u l a t i n g  log k ' - v a l u e s  f o r  a number o f  te-  

t r s - ,  penta- and hexa-substituted de r i va t i ves .  Predic ted and ob- 

served values are compared i n  Table 3 ;  and o u r  conclusion i s  

t h a t  out  o f  the t o t a l  o f  65 compounds f r o m  Tables 2 and 3 as 

many as 51 ( o r  7836) f i t  i n  an acceptable way i n  eqn. 9 provided 

t h a t  t he  proper adjustments are made i n  t h i s  equation. Wi th  re- 

gard t o  the  o u t l i e r s ,  we observe bad p r e d i c t i o n s  f o r :  a) sym- 

m e t r i c a l  halogen-subst i tut ion,  b) ortho-halogen s u b s t i t u t i o n ,  

espec ia l l y  i n  compounds w i t h  a too f requen t l y  repeated v i c i n a l  
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.8 

.4 

0 
.8 

2 
0, 
0 - 

.4 

0 

FIGURE 3. Log k 1  versus molecular surface area Aw f o r  halogeno-, 
methyl- and methyl-halogenobenzenes; enc i r c led  p o i n t s  
belong t o  1,4-disubst i tuted de r i va t i ves ;  column: A1203. 

s u b s t i t u t i o n  p a t t e r n  (Nos. 25, 44, 56, 61) . Methyl-subst i tuents 

tend t o  a more normal behaviour: t he  number o f  o u t l i e r s  is pos- 

i t i v e l y  l o w e r .  

POLYCHLOROBIPHENYLS [PCBs] 

Tables 4, 5, 6 and 7 c o l l e c t  l o g  k ' -  values o f  65 polychlo- 

yobiphenyls (PCBs) determined on a s i l i c a  column. S t r i k i n g  par- 

a l l e l i s m s  between PCB r e t e n t i o n  data and t h e  data obtained f o r  
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108 REKKER, DE VRIES, AND BIJLOO 

TABLE 3 
Log k '  P red ic t i ons  f o r  Higher Subs t i t u ted  Molecules 

A l o g  k' l o g  k '  
(obs) *w (est) 

No compound 

t e t r a - s u b s t i t u t i o n  
44 1.2.3.4-tetraC1-benzene 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

, , ,  

I12,3,5-tetraCl-benzene 
Il2,4,5-tetraCl-benzene 
1,2,4,5-tetraBr-benzene 
Il2,3,4-tetraMe-benzene 
1,2,3,5-tetraMe-benzene 
Il2,4,5-tetraMe-benzene 
ZI4,6-triMe-!3rbenzene 
2,3,B-triMe-Brbenzene 
2,5-diMe-lI4-diBrbenzene 
2,5-diMe-lI4-diClbenzene 

penta-subst i tu t ion 
55 pentaC1-benzene 
56 pentaBr-benzene 
57 pentaMe-benzene 
58 2,3,4,6-tetraMe-Brbenzene 
59 2 , 3,5,6-tetraMe-Brbenzene 

hexa-subst i tut ion 
60 hexaC1-benzene 
61 hexaBr-benzene 
62 hexaMe-benzene 
63 2,3,4,5,6-pentaMe-Brbenzene 
64 2,4,5,6-tetraMe-1,3-diBrbenz. 0.862 
65 3,5,6-triMe-1,2,4-triBrbenz. 0.467 

0.223 
-0.161 
-0.125 

0.593 
0.778 
0.643 
0.625 
0.528 
0.598 
0.446 
0.143 

-0.046 
1.11 
0.929 
0.825 
0.782 

-0.046 
1.49 
1.18 
1.09 

10.53 -0.067 
10.53 -0.067 
10.53 -0.067 
11.81 0.596 
11.77 0.575 
11.77 0.575 
11.77 0.575 
11.78 0.580 
11.78 0.580 
11.79 0.585 
11.15 0.254 

11.66 -0.105 
13.26 0.724 
13.21 0.698 
13.22 0.703 
13.22 0.703 

12.79 -0.143 
14.71 0.852 
14.65 0.821 
14.66 0.826 
14.67 0.831 
14.68 0.836 

0.290 
-0.094 
-0.058 
-0.003 
0.203 
0.068 
0,050 

-0.052 
-0.018 
-0.139 
-0.111 

0.059 
0.39 
0.231 
0.122 
0.079 

0.097 
0.64 
0.36 
0.26 
0.031 

-0.369 
Note: under l ined l o g  k ' (es t ) -  values are o u t l i e r s  

s t r u c t u r a l l y  r e l a t e d  chlorobenzenes a re  e a s i l y  noticed.Due com- 

par isons were performed f o l l o w i n g  th ree  d i f f e r e n t  approaches. 

- 1. Quite an i n t e r e s t i n g  comparison o f  PC8s and polychloro- 

benzenes (PCBrs) on the bas is  o f  t h e i r  molecular surface area 

i s  poss ib le  w i th  the  help o f  f i g u r e  4. 

A marked p a r a l l e l i s m  between the  t w o  se r ies  o f  compounds 

i s  v i sua l i zed  by the  f o u r  boundary l i n e s  i n  t h e  data p l o t :  t he  

s t r a i g h t  t op  l i n e  assembling t h e  f o u r  or tho-ch lorosubst i tu ted 

biphenyls runs p a r a l l e l  w i t h  t h e  one which inc ludes chloroben- 

zene, 1,2-dichlorobenzenel I l2,3-tr ichlorobenzene and 1,2,3,4- 

tetrachlorobenzene; the  slopes o f  t he  t w o  boundary l i n e s  amount 
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ALKYL- A N D  HALOGEN SUBSTITUTED AROMATICS. I1 709 

TABLE 4 

Chromatographic Oata o f  PCB's on a S i O  -column 
[ i n  one o f  t he  r i n g s  no more than one C1-subszituent present) 

Evaluat ion by Approach 2 

S u b s t i t u t i o n  l o g  k '  l o g  k '  
No p a t t e r n  (obs) 

1 
2 
3 
4 
5 
6 
7 
6 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21  
22 
23 
24 
25 
26 
27 
28 
29 
30 

unsubst i tu ted 
2 
3 
4 
293 
294 
295 
296 
394 
3 1 5  
2 1 3 1 ~  
z 1 3 , 6  
29495 
2 , 4 , 6  

139415 
2 I 31 596 
2 1 3 9 4 1 5 1 6  
2 2' 
2 , 3  2' 

2' 
2 '  

Z14 
z 1 5  
394 2' 
3 3' 
2 , s  3' 
2 , 4 , 6  3' 

294 4 '  
2,s 4' 
2 , 4 , 6  4' 

2 4' 
4 4 '  

0,967 
0,804 
0,663 
0.702 
0.720 
0.578 
0.553 
0.734 
0.602 
0.41 1 
0.629 

0,453 
0.453 
0.432 
0.466 
0.381 
0.741 
0.638 
0.553 
0.503 
0.432 
0.426 
0.332 
0.230 
0.520 
n .459 
0.295 
0.314 
0.190 

o m a  

0.375 
0,204 
0.204 
0.204 
0.174 
0.094 
0.113 
0.094 
0.174 
0.094 
0.145 
0.091 
0.091 

-0.029 
0.098 
0.019 

-0.017 
0.033 
0,003 

-0.077 
-0.056 

0.003 
0.033 

-0.058 
-0.200 

0.033 
0.033 

-0.110 
-0.058 
-0.200 

0 0 0  
1 0 0  
0 1 0  
0 0 1  
1 1 0  
1 0 1  
1 1 0  
2 0 0  
0 1 1  
0 2 0  
1 1 1  
2 1 0  
1 1 1  
2 0 1  
1 2 1  
2 2 0  
2 2 1  
2 0 0  
2 1 0  
2 0 1  
2 1 0  
1 1 1  
0 2 0  
1 2 0  
2 1 1  
1 0 1  
0 0 2  
1 0 2  
1 1 1  
2 0 2  

0.993 
0.818 
0.715 
0.707 
0.716 
0,609 
0,642 
0.721 
0.607 
0.515 
0.61 1 
0.655 
0.543 
0.495 
0.490 
0.502 
0.386 
0.644 
0.544 
0.435 
0.467 
0.433 
0.438 
0.364 
0.218 
0.533 
0.421 
0.292 
0.356 
0.210 
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710 REKKER, DE VRIES, AND BIJLOO 

TABLE 5 

Chromatographic Data o f  PCB's on a S i O  -column 
( i n  one of t he  r i n g s  no more than one Cl-subs&.tuent present) 

Evaluat ion by Approach 3 

l o g  k'  (111) 
(pred] 

No 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

0.796 A 

0.635 (A 
0.739 (A) 

0.411 A 

0.328 (G) 

0.552 (B 

0.307 (M) 
0.360 (G) 
0.219 (L) 

0.809 (6) 

0.439 (J) 

0.626 (C) 
0.502 (M) 
0.463 (G) 

0.646 (A 
0.686 (A) 

0.637 (6) 
0.524 (6) 

0.149 L) 
0.570 ( B )  

0.189 (L) 

0.762 (6) 

0.561 (G 

0.437 (J 

0.613 
0.453 
0.498 

0.61 (E 

0.69 (R) 
0.56 (F) 

0.39 ( 0 )  
0.35 (N) 

0.50 (F) 
0.34 (P) 

0.36 (E 
0.17 (E) 

Notes: l o g  k ' ( e s t , I )  -va lues were obtained by apply ing the ap- 
p rop r ia te  regress ion equation f r o m  the c o l l e c t i o n  g iven 
i n  Table 8; 

l o g  log k '  k ' [  p r e d , I I I )  - values were obtained from eqn. 12 by 
apply ing "moiety-values" ca lcu lated f r o m  eqn. 13; 
Cap i ta l s  i n  round brackets denote the  app l i ed  p-value 
from the  c o l l e c t i o n  given i n  f i g .  7. 

e s t , I I )  -va lues were obtained from eqn. 12; 
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TABLE 6 

Chromatographic Data o f  PCB's on a S i O  -column 
( i n  both r i n g s  t w o  o r  more C1-substituengs present) 

Evaluat ion by Approach 2 

S u b s t i t u t i o n  log k' & c l o g  k '  no n n l o g  k '  
(obs) m P (est) p a t t e r n  

No 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 

0.542 
0.305 
0.373 
0.212 
0.426 
0.276 
0.305 
0.323 
0.357 

0.163 
0.176 
0.063 
0.573 
0.234 
0.266 
0.371 

0.322 
0.176 
0.349 
0.212 
0,200 
0.223 
0.063 

-0.008 
-0.027 
-0.115 
-0.167 

0.176 
-0.008 
-0.027 
-0.140 
-0.008 

0 .  i8e 

-C. 027 

. . .  
65 2 , 3 , 4 , 5 , 6  2:3:4;5:6' -0.332 

-0.027 2 2 0 
-0.149 2 2 1 
-0.107 2 1 1 
-0.187 2 0 2 

0.088 2 2 0 
-0.168 2 1 1 
-0.149 2 2 0 
-0.118 2 2 1 
-0.172 3 2 0 
-C.172 2 2 1 
-0.165 2 3 1 
-0.243 3 3 0 
-0.279 3 3 1 
-0.187 4 0 0 
-0.107 1 1 2 
-0.088 1 2 1 
-0.027 0 2 2 
-0.187 0 4 0 
-0.086 2 2 2 
-0.133 2 3 2 
-0.194 4 2 0 
-0.187 3 3 1 
-0.140 2 2 2 
-0.194 3 2 1 
-9.194 2 2 2 
-0.187 2 3 2 
-0.313 3 1 2 
-0.432 4 0 2 
-0.306 3 2 2 
-0.086 0 4 2 
-0.133 1 4 2 
-0.180 2 4 2 
-0.295 3 4 2 
-0.337 4 4 0 
-0.409 4 4 2 

0.444 
0.268 
0.335 
0.226 
cl .589 
0.258 
0.291 
0.259 
0.303 
0.191 
0.138 
0.151 
0.035 
0.449 
0.224 
0.256 
0.221 
0.037 
0.229 
0.108 
0.316 
0.151 
0.161 
0.204 
0.093 
0.040 
0.046 

-0.00 1 
-0.007 

0.023 
0.005 

-0.014 
-0.117 

0.012 
-0.220 

Notes: n =number o f  o r tho -C l ,  n =number o f  m - C l ,  n =num- 
b&r  o f  a r a - C l  s u b s t i t u e n k ,  respec t i ve l y ;  
l o g  k '  (k- values were obtained f r o m  eqn. 11. 
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712 REKKER, DE VRIES, AND BIJLOO 

TABLE 7 

C h r o m a t o g r a p h i c  Oata of  PCB's o n  a SiO - c o l u m n  
( i n  b o t h  r i n g s  two o r  more C 1 - s u b s t i t u e n f s  p r e s e n t )  

E v a l u a t i o n  by Approach  3 

l o g  k '  (111) 
( P r e d )  

No 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

0.557 (C) 

0.236 (M) 

0.142 (G) 

0.046 (G 

0.236 (M) 
0.322 (G) 

0.371 (0) 

0.392 (H 

0.200 (0 
0.238 (H) 
0.048 (J) 
0.034 (K) 

-0.004 (J) 

-0.018 (K) 

0.236 (M 

0.334 (G) 
0.378 (H) 
0.199 (J) 
0.180 (K) 

0.194 (K) 

0.168 (H) 
0.214 (J) 
0.214 (J) 

-0.028 (J) 
-0.041 (L) 

-0.140 (L)  

0.278 (M) 
0.438 (C) 
0.323 (G) 

0.338 (G) 

0,098 (G 
0.131 (G) 

-0.022 (G) 

0.371 (0) 
0.131 (0) 
0.394 (H) 

0.019 (K) 

-0.033 (K) 
-0.056 (K) 
-0.175 (K) 

0.278 M) 

0.338 (G) 
0.380 (H) 

0.184 (K) 

0.214 (J) 

-0.003 (J) 
-0.008 (L) 

-0.084 (L) 

0.15 (0) 

0.22 (F 
-0.11 (Q) 

-0.11 ( N )  
-0.07 (0) 
-0.23 (N) 

N o t e s :  l o g  k ' ( e s t , I )  - v a l u e s  were o b t a i n e d  by a p p l y i n g  t h e  ap -  
p r o p r i a t e  r e g r e s s i o n  e q u a t i o n  f r o m  t h e  c o l l e c t i o n  g i v e n  
i n  T a b l e  8; 
l o g  k ' ( e s t , I I )  - v a l u e s  were o b t a i n e d  f r o m  e q n .  12; 
l o g  k ' ( p r e d , I I I )  - v a l u e s  were o b t a i n e d  f r o m  eqn. 12 by  
a p p l y i n g  "moie ty -va lues"  c a l c u l a t e d  from e q n .  13; 
C a p i t a l s  i n  r o u n d  b r a c k e t s  d e n o t e  t h e  a p p l i e d  p -va lue  
from t h e  c o l l e c t i o n  g i v e n  i n  f i g .  7. 
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ALKYL- A N D  HALOGEN SUBSTITUTED AROMATICS. I1 113 

FIGURE 4. Log k '  versus molecu la r  su r face  area  A f o r  po lych lo -  
r o b i p h e K ( . )  and polychlorobenzenesW(0) o n  s i l i c a ;  
F o u r  boundary l i n e s  i n c l u d e  from t o p  t o  bottom: 
2-C1BP, 2,2'-diClBP, 2,6-diClBP and2,6,2:6ctetraCIBP; 
3-C1BP , 3,3 LdiClBP , 3 , 5 d i C l B P  and 3,5,3! SLte t raC lBP ; 
C1-benz., I l2-diClbenz.,  1 ,2 ,3 - t r iC lbenz .and 'l,2,3,4- 
t e t r a c l b e n z .  ; 
C1-benz., 1,3-diClbenz. and 1 , 3 , 5 t r i C l b e n z ;  
Data  were taken  from Tab les  1, 4 and 6 .  
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714 REKKER. DE VRIES, AND BIJLOO 

t o  -0.069 and -0.062, respec t i ve l y .  The two o the r  boundaries as- 

semble the  fou r  --chlorosubstituted biphenyls,  on tha  one 

hand, and chlorobenzene, 1,3-dichlorobenzene and 1,3,5-tr ichlo- 

robenzene, on the  other  hand; t h e i r  slopes amount t o  -0.202and 

-0.206, respect ive ly .  

A number o f  o ther  s i m i l a r i t i e s  a re  demonstrable; j u s t  t w o  

of them may be mentioned: biphenyl  can be connected non-prob- 

l e m a t i c a l l y  w i th  t h e  meta-biphenyl boundary l i n e  and the  same 

i s  t r u e  f o r  benzane w i th  respect t o  t h e  --benzene boundary 

l i n e ;  a noteworthy r e l a t i o n s h i p  among the  data p o i n t s  can he ob- 

served when a C1-atom i n  a chlorobenzene i s  replaced by a phen- 

y l  group: re ten t i ons  a re  then (wi thout  exceptions) increased 

by a p ropor t i ona l  amount (see  .Approach 3). 

The data-cluster o f  t he  PCBs ( l o g  k'  versus an appropr i -  

a te  se t  o f  A -values) can be co r re la ted  w i th  a c o r r e l a t i o n  coef- 

f i c i e n t  r = 0.873, which i s  no t  a t  a l l  unsat is fy ing;  in t roduc-  

t i o n  o f  an adequate a d d i t i o n a l  o - m - p  parametr izat ion,  however, 

g ives no subs tan t i a l  improvement (r  = 0.889) o f  t he  q u a l i t y  o f  

t he  d a t a - f i t .  

- 2. I n  a second approach a given PCB i s  compared w i th  i t s  

W 

two "disconnected" moiet ies i n  which H-atoms a re  attached t o  

t h e  vacant pos i t i ons .  F igure 5 shows t h e  graph o f  l o g  kl(PCB) - 
data versus the  halved retention-summation o f  t he  appropr ia te 

chlorobenzenEs. Equation 10 g ives the  c o r r e l a t i o n  o f  the s i x t y  

f i v e  data-points: 

l o g  k'(PCB) = 1.437(+0.184) ( & c l o g  kl(PCBz)) 

+ 0.440(+0.034) (eq. 10) 

n = 65 r = 0.887 s = 0.121 F = 233 

A s i g n i f i c a n t  improvement o f  t h i s  equation can be achieved 

by t h e  i n t r o d u c t i o n  o f  a se t  o f  three numeric parameters (no, 

n and n ) t o  adequately account f o r  t h e  s u b s t i t u t i o n  p a t t e r n  

i n  t h e  PCBs: 
m P 

l o g  k '  PCB) = 1.259(20.222) ( & c l o g  k'(PCBz)) 
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-0.2 

715 

. .  
. .  

* .  

. ** . . .. . .- .. ..: 
- 8  

0 .  

:-. . ,. . 
. .  

. .  

-0.4 -0.2 0 0.2 0.4 
-* iz log k'(PCBz) 

FIGURE 5. P l o t  o f  l o g  k '  f o r  polychlorobiphenyls versus 
c l o g  k'  o f  t he  composing chlorobenzenes. 

+ 0.041(+0.026) no - 0.062(+0.016) nm 

- 0.071(+0.026) n P + 0.521(+0.062) (eq. 11) 

n = 65 r = 0,965 s = 0.068 F = 220 

L a t t e r  equation accounts f o r  as much as 9346of t h e  variances; 

Tables 4 and 6 enable the  comparison o f  estimated and observed 

l o g  k '  (PCB) - values and i n  a d d i t i o n  they g i ve  i n fo rma t ion  about 

the  app l i ed  n o - n m - n p  parametr izat ion.  

d e r i v a t i v e  i n  which a chlorine-atom has taken over t h e  r o l e  o f  

one PCB-moiety: 

- 3. A f i n a l  approach compares a PCB w i t h  a chlorobenzene 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



716 REKKER, DE VRIES, AND BIJLOO 

wi th  R '  represent ing a f i x e d  ch lo ro -subs t i t u t i on  p a t t e r n  and 

R" denoting a vary ing ch loro-subst i tu t ion.  F igu re  6 v i s u a l i z e s  

a number o f  marked p a r a l l e l s  and Table 8 c o l l e c t s  d e t a i l s  o f  

t he  regression analys is  performed on the  12 data sets  repre- 

sented i n  the f i g u r e .  

The l i ne -pa t te rn  i n  f i g u r e  6 shows a s i g n i f i c a n t  pa ra l l e -  

l ism;  the  average slope amounts t o  1.17 w i t h  a standard devia- 

t i o n  o f  fl.22. This  made us decide t o  incorporate a l l  PCBs f r o m  

above Tables i n  one regression equation apply ing a proper dum- 

my-parametrization b = 1 t o  i n d i c a t e  presence and 1 = 0 t o  i n d i -  

cate absence o f  a spec i f i ed  chlorobenzene moiety) .  The r e s u l t  

i s  fo l lowing h i g h l y  s i g n i f i c a n t  regression equation: 

l o g  k'(PCB) = 1.048(+0.074 l o g  k'(PCBz) - z p &  

+ 0.842 (20.028) (-4. 1-21 

TABLE 8 

Regression Equations l o g  k '  (PCB) versus l o g  k'(PCBz) 
l o g  k'(PCB) = a l o g  k'(PCBz) + b basic 

moiety a b n r s F 

A 17 0.957 0.047 165 
B 
C 
0 
E 

$::::I 7 0.958 0.042 56 .3  
6 0.976 0.039 81.7 $::::] 5 0.977 0.044 63.2 

2.176) 6 0.895 0.092 16 .1  
F 0.5%(+.250) 5 0.835 0.093 6.91 
G 0.485(+.035) 14 0.969 0.034 187 

5 0.976 0.043 58.9 
8 0.995 0.017 614 
8 0.992 0.025 377 
6 0.989 0.039 181 

H 
J 
K 
L 
M 7 0.975 0.036 97.2 

Note: I n  brackets the  95% confidence i n t e r v a l s  - 
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ALKYL- AND HALOGEN SUBSTITUTED AROMATICS. I1 717 

FIGURE 6. P l o t s  o f  l o g  k '  (PCB) versus l o g  k '  (Cl-benzenes] a f t e r  
replacement o f  lef t -hand r i n g  moiety by C 1 .  Left-hand 
moiet ies have f i x e d s u b s t i t u t i o n  p a t t e r n s a s i n d i c a t e d .  
Right-hand moiet ies have vary ing s u b s t i t u t i o n  pa t te rn .  
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718 REKKER, DE VRIES, AND BIJLOO 

where pD denotes the  summation o f  t e n  dummy-terms, belong- 

i n g  t o  the  moiet ies A, 9, C ,  0, GI H, J, K,  L ,  M, respec t i ve l y ,  

w i t h  p-values as tabulated below: 

p(A) = 0.000 

p(B) = 0.114(+0.045) 

p(C) = 0.20'i(+0.045) 

p (0) = 0.282 (20.048) 

p(G) = 0.316(+0.042) 

p(H) = 0.259(+0.048) 

p(J) = 0.439(+0.040) 

p(K) = 0.469(+0.040) 

p ( L )  = 0.497(+0.044) 

p(M) = 0.360(+0.043) 

n = 83 r = 0,982 s = 0.050 F = 207 

One should keep i n  mind t h a t  t he  number o f  data-points i n  

eqn. 12 exceeds the  number o f  examined PCBs w i t h  eighteen. T h i s  

because c l a s s i f i c a t i o n  i s  allowed i n  two ways along the  above 

ind i ca ted  l i n e s ;  f o r  instance: 

K G 

An overview o f  a l l  c l a s s i f i c a t i o n s  as appl ied i n  equation 

12 i s  given i n  f i g u r e  7, together w i th  a l l  proper con t r i bu t i ons  

o f  t h e  PCB-moieties t o  re ten t i on .  

The r e l a t i o n  between the regressor values o f  t he  dummy-pa- 

r a m e t e r e  and the l o g  k '  -va lues o f  t h e  appropr ia te chlorobenze- 

ne-moieties i s  a quadrat ic funct ion,  expressed by equation 13: 

p = 1.561(+0.452) l o g  k '  + 1.282(+1.070)(log k ' )  2 

- 0.062(+0.041) 
n = 10 r = 0.987 s = 0.029 F = 146 
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.ooo -. 114 -.201 -.2e2 

-.317 -.316 -. 259 - -.266 - 

- .439 -.469 -. 497 -. 360 

-.497 - - .309 - -.486 - -.527 - 

- .474 - -. 187 - 
FIGURE 7. Overview o f  PCB-moieties and t h e i r  con t r i bu t i ons  

t o  r e t e n t i o n  ( p  -values) ; not-underlined values are  
from eqn. 12 and under l ined values are from eqn. 13. 
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The equation i s  o f  good q u a l i t y  and enables t h e  evaluat ion 

o f  a number missing p-values. They are incorporated i n  the  over- 

view o f  f i g u r e  7 and denoted by E l  F ,  N, 0, P, Q ,  R, s, respec- 

t i v e l y .  

Specia l  a t t e n t i o n  is focussed t o  .i;-ie l a s t  column o f  Tables 

5 and 7 which c o l l e c t  t he  l o g  k ' - p r e d i c t i o n s  obtained by proper 

usage o f  these a d d i t i o n a l l y  ca lcu lated p (moiety) - values. 

The regressor-value o f  l o g  k '  i n  equation 12 (= 1,04&_0,074) 

does not d i f f e r  s i g n i f i c a n t l y  f r o m  u n i t y  and t h i s  j u s t i f i e s  the  

conclusion t h a t  t h e  r e t e n t i o n  s h i f t  (expressed by A l o g  k') 

evoked by rep lac ing  a chlorine-atom f r o m  a PCBz by a ch lor ine-  

subs t i t u ted  phenyl group can be connected w i t h  a p - v a l u e  as 

g iven i n  f i g u r e  3 by a simple l i n e a r  r e l a t i o n s h i p :  

l o g  k '  = l o g  k'(PCB) - l o g  k'(PCBz) 

= p + 0.842 (eq. 141 

A h i g h l y  s a t i s f y i n g  proof  o f  t he  v a l i d i t y  o f  t h e  presump- 

t i o n  expressed by equation 14 was performed as fo l lows:  f o r t y  

seven data belonging t o  e igh t  c l a s s i f i c a t i o n s  0 ,  E l  F, J, K, L,  

M I  N ( f o r  d e t a i l s  see Table 9) are co l l ec ted  from Tables 1, 4 

and 6 and f i t t e d  by means o f  f o l l o w i n g  equation: 

TABLE 9 

Retent ion-sh i f ts  evoked by rep lac ing  a Chlorine-atom i n  a 

basic p-values 
moiety l o g  k '  stand. dev. f rom 

F igure 7 

PCBz by a Chlor ine-subst i tu ted Phenyl group 

0 0.515 (5) 0.039 -0.282 
0,073 -0.266 
0.083 -0.317 

J 0.396 0 * 020 -0,439 

E 
F 

K 0.361 0,058 -0.469 
0.076 -0.497 

-0.360 
-0.527 

::::: 0.062 
L 
M 
N 0.266 0.064 
s 0.482 (2) -0.474 

l o g  k ' - v a l u e s  are based on data from Tables 1, 4 and 6; 
I n  brackets: number o f  cases considered. 
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FIGURE 8. V i s u a l i z a t i o n  o f  some r e t e n t i o n - s h i f t s  evoked by re- 
p lac ing  a C1-atom i n  a PCBz by a C1-substituted phen- 
Ylgroup; smal l  dots: C 1 ,  a s t e r i s k :  B r ,  f a t  dot: I; 
Br- and I-benzene are added t o  v i s u a l i z e  the  r e l a t i v e -  
l y  smal l  mutual d i f f e rences  between the  halogenoben- 
zenes as contrasted w i th  the  i n t r o d u c t i o n  o f  t he  much 
heavier phenyl-moieties. 

l o g  k' = 1.040(+0.080) p + 0.843(20.033) 

n = 8 r = 0.982 s = 0.022 F = 167 

Figure 8 gives a c l e a r  v i s u a l i z a t i o n  o f  six o f  these reten- 

t i o n  s h i f t s  (belonging t o  c l a s s i f i c a t i o n s  J and E, respec t i ve l y ) .  

The close p a r a l l e l i s m  o f  t h e  s h i f t s  i s  obvious: anest imate o f  a 

peak l o c a t i o n  f o r  PCBs i s  poss ib le  from an approp r ia te l y  chosen 

PCBz. 

The ef fect iveness o f  t he  c o r r e l a t i o n  procedure on the  bas i s  

of equation 12 i s  f u r t h e r  i l l u s t r e t e d  by f i g u r e  9 and by equa- 
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0 
0 

0 

0 
0 

' 0  

0 . _ _ . . . .  . . . . .  
109 k'obs 

FIGURE 9. P l o t  o f  l o g  k ' ( e s t )  versus l o g  k ' (obs) f o r  a s e r i e s  
o f  PCBs; see equa t ion  16. 

t i o n  16; they  denote t h e  good agreement between observed and es- 

t ima ted  l o g  k ' - v a l u e s  f o r  PCBs. 

- 0.979(+0.046) l o g  k fobs + 0.005(t0.025) (eq .  16) e s t  - 
n = @4 r = 0,978 s = 0.052 F = 1760 

l o g  k '  

Rules t h a t  govern t h e  r e t e n t i o n a l  behav iour  o f  PCBs on an 

alumina column (da ta  are i n c l u d e d  i n  Tab le  10) a r e  apparen t l y  

l e s s  t ransparan t  t h a n  those f o r  s i l i c a - r e t e n t i o n s  as we d i d  n o t  

succeed i n  f i n d i n g  acceptab le  c o r r e l a t i o n s  (7) . 
I t  w i l l  be c l e a r  t h a t  t h e  methods o f  comparison discussed 

above, each f o r  themselves o f f e r  p o s s i b i l i t i e s  t o  make prudent  

r e t e n t i o n - p r e d i c t i o n 9  f o r  h i t h e r t o  n o t  measured PCBs. 
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TABLE 10 
Chromatographic Data  o f  Polybromo-biphenyls (PBBs) and Po ly -  

ch lo ro-b ipheny ls  (PCBs) o n  S i l i c a  and Alumina Columns 

No s u b s t i -  l o g  k ' (obs)  l o g  k ' t s t k  -. s:iica 
t u t i o n  s i l i c a  alumina eq. 17 9 A 

1 [b ipheny l )  0.967 1 . 5 4  0.957 -0.010 0.997 0.030 

2 2  0.838 1.01 
(0.804) (0.90) 

3 3  0.687 1.47 
(0.663) (1.40) 

4 4  0.717 1.73 
(0.702) (1.541 

5 2,2' 0.824 1.09 
(0.741) (0.81) 

6 2 , 5  0.620 

7 4,4' 0.520 
(0.553) 

(0.459) 
8 2,4,6 0.558 

(0.453) 
9 2 , 5 , 2 '  0.629 

10 2.5.3' 0.439 
(0 .503)  

11 

12 

13 

14 

15 

16 

17 

18 

19 

. .  
2,5,4' 

2,4,2: 5'  

2 , 5 , 2 :  5' 

3,5,3:51 

2,4,5,2:4: 
5' 

deca 

(0.332) 
0.425 

( 0.3 14) 
0.433 

(0.276) 
0.465 

(0.305) 
0.186 

0.322 
(0.063) 
0.484 

(0.176) 
0.373 

0.373 

0.348 

(-0.027) 

(-0.008) 

(-0.140) 

(-0.332) 

0.97 
0.70) 
1.98 
1.72) 
nm 

1.10 
0.69) 
1.07 

(0.72) 
1.16 

(0.74) 
nm 

1.14 
(0.60) 

1.23 

1.16 
(0.41) 
1.6 

nm 

nm 

1.76 
(0.151 

( nm) 

Inm) 

(0.91) 

( 1.53) 

(nm) 

( n d  

0.829 

0.719 . 

0.749 

0.780 

0.633 

0.559 

0,554 

0.593 

0.459 

0.445 

0.415 

0.438 

0.178 

0.248 

0.337 

0.193 

0.090 

-0.061 

- 
- 
- 
- 

-0.003 

0.032 

0.032 

-0.044 

0.013 

0.039 

-0.004 

-0.036 

0.020 

0.020 

-0.018 

-0.027 

-0,010 

-0.074 

-0.147 

-0.180 

-0.283 

-0.409 

0.826 

0.699 

0.732 

0.767 

0.614 

0.551 

0.546 

0.579 

0.478 

0.469 

0.451 

0.465 

0.359 

0.377 

0.411 

0.363 

0.349 

0.358 

- 

-0.012 

0.012 

0.015 

-0,057 

-0.006 

0.031 

-0.012 

-0.050 

0.039 

0.044 

0.018 

0.000 

0.171 

0.055 

-0.073 

-0.010 

-0.024 

0.010 
. .  

Notes:  nm = n o t  measured; under l i ned  va lues  a r e  o u t l i e r s ;  non- 
b racketed  va lues  be long t o  PBBs and bracketed  va lues  be- 
l o n g  t o  PCBs; 
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124 REKKER, D E  VRIES, AND BIJLOO 

FIGURE 10. Log k '  (polybromobiphenyls] versus l o g  k '  (po lych lo -  
rob ipheny ls )  ; column: s i l i c a ;  s t r a i g h t  l i n e :  eqn. 
17; curved broken l i n e :  eqn. l e .  

POLYBROMOEIPMENYLS (pee 5) 

Tab le  10 c o l l e c t s  t h e  l o g  k ' - v a l u e s  o f  a s e r i e s  o f  n ine- 

teEn polybrornobiphenyls (PEDs) . Measuremarts sere performEd bo th  

on s i l i c a  and alumina column=. 

R e t e n t i o r  da ta  o f  PE& on s i l i c a  shos a good dee l  o f  pa ra l -  

l e l i s m  w i t h  t h e  da ta  ob ta ined f o r  s t r u c t u r a l l y  r e l a t e d  PCB=. 

T h i s  can be concludsd from eqn. 17 whict- r e l a t e s  log k'  de ta  

f o r  14 PEles and PCes: 

l o g  k'(PE6) = 0.764(+0.064) l o g  k'(PCE) + 0.199[+0.036) 

n = 14 r = 0.992 s = 0.026 F = 707 (eq. 17) 

Tha equa t ion  excludes nos 15 -  19 of Tab le  10 BE s i p ~ i f i c a ~ t l y  

- n c n - f i t t i n g  compounds. Tha s t r a i g h t  l i n e  (eqn. 17) drawn i n  f i g .  

10 c l e a r l y  v i s u a l i z e s  t h e  a c t u a l  s i t u a t i o n  and suggests a qua- 

d r a t i c  r e l a t i o n  between t h e  complete s e t s  o f  da ta  w i t h  t h e  ex- 

c l u s i o n ,  however, o f  t h e  3,5,3',5'-tetrasubstituted d E r i v a t i v e  

which d i d  f i t  t h e  s t r a i g h t  line. T h i s  q u a d r a t i c  r e l a t i o n  i s  
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TABLE 11 

Comparison o f  Polybromobenzenes and Polychlorobenzenes 
on  S i l i c a  Columns 

I l o g  k '  i 

No s u b s t i t -  (PBBzI (PCBz) (PB@z) A (PBBZ) A 
est"  uent obs obs e s t '  

1 none 0.375 0.375 0.382 O.OU7 
2 mono- 0.079 0.033 0.096 0.017 
3 1,2- 0.072 -0.027 0.045 -0,027 
4 1'3- -0.092 -0,187 -0.089 0,003 
5 1,4- -0.060 -0.149 -0.057 0.003 
6 1,2?4- -0.076 -0.194 -0.095 -0.0 19 
7 1,3,5- -0.310 4 . 4 3 2  -C.294 0.016 
0 1,2,4,5- -0.137 -0.337 -0.215 -C.O78 
9 penta- -0.119 -C.409 -C.275 -0.1% 

10 hexa- -C.119 -C.523 -C.371 -C.252 
Notes:  under l inEd va lues  a r e  o u t l i e r s ;  

e s t ' :  f rom eqn. 19; es t " :  f rom eqn. 2 0 ;  

0,387 
0.064 
0,023 

-0.063 
-0.046 
-0.066 
-0.131 
-0.113 
-c. 128 
-0.136 

0.012 
-C.O15 
-0.049 

0.029 
0.014 
0.010 
0.179 
0.024 

-c . 009 
-0.017 

g i ven  by t h e  curved brokEr l i n e  i n  f i g .  10 and c a r  bE expressed 

by t h e  f o l l o w i n g  Equat ion:  

l o g  k'(PBB) = 0.182[+0.113) l o g  k'(PCB) 

+ 0.489(+0.148) ( l o g  k'[PCB))2 + 0.364(+0.029) (eq. 18) 

n = 18 r = 0.980 s = 0.058 F = 198 

A s i m i l a r  l i n k  seems a p p a r e d  when we compare correcpond- 

i n g  bromobenzene and chlorobenzene da ta  (Table 11) . 
Seven da ta  p o i n t s  o u t  o f  t h e  t o t a l  s e t  o f  t e n  have a n i d e a l  

r e l a t i o n  as v i s u e l i z e d  by  t h e  s t r a i g h t  l i n e  i n  f i g .  11 atid by 

f u l l o w i n g  equat ion :  

l o g  k'(P@Bz) = 0.839(+0.076) l o g  k'(PCBz) + 0.068(+0.019) 

n = 7 r = 0.997 s = 0.018 F = 796 les .  191 

HEre  too ,  i t  is p o s s i b l e  t o  i n c l u d e  a s e r i e s  o f  n i n e  p a i r s  

i n  an acceptab le  q u a d r a t i c  r e l a t i o n ,  aga in ,  hcwever, w i t h  t h e  

exc lus ion  o f  t h e  1,3,5-trihalogen-substituted p a i r :  

l o g  k '  (PBBz) = 0.676(+0.103) l o g  k'(PCBz) 

+ 0.649(+0.295) ( l o g k ' ( P C 8 ~ ) ) ~  + 0.041(+0.033) (eq. 20)  

n = 9 r = 0.987 s = 0.030 F = 133 
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126 REKKER, DE VRIES, AND BIJLOO 

FIGURE 11. Log k '  (polybromobenzenes) versus l o g  k '  (polychloro- 
benzenes) ; column: s i l i c a ;  s t r a i g h t  l i n e :  eqn. 19; 
curved broken l i n e :  eqn. 20. 

Equation 20 i s  given as a broken curved l i n e  i n  f i g .  11. Why the  

meta-derivatives show such abnormal behaviour i n  both se r ies  i s  

a t  present an open question. 

An ample search f o r  r e l a t i o n s h i p s  between r e t e n t i o n  and 

s t r u c t u r a l  features i n  a se r ies  o f  polychloronaphthalenes as 

done f o r  PCBs d i d  not y i e l d  more s u b s t a n t i a l  conclusions than 

those prev ious ly  drawn by Brinkman and de V r ies  1.5). 

CONCLUSION 

Retent ion o f  halogenobenzenes i n  the  systems s i l i c a - h e x a n e  

and alumina-hexane i s  regulated by t h e  number o f  halogens and 

by a d d i t i o n a l  f ac to rs  which can perhaps best be described by po- 

l a r i z a b i l i t y .  The mode o f  i n t e r a c t i o n  i s  more complicated than 

t h a t  o f  prev ious ly  i nves t i ga ted  alkylbenzenes (1). The e f f e c t  of 

f l uo ro -subs t i t u t i on  i s  not f u l l y  i n  l i n e  w i t h  the  otherhslogens. 

Di f ferences between methyl- and halogen-subst i tut ion can 

be explained by a concept i n  which b ind ing is mainly o r i g i n a t -  
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i n g  i n  the phenyl group and i s  s t rong ly  depending on t h e  i m -  

pact  o f  i t s  7c -cloud. 

A number o f  good co r re la t i ons -mos t  o f  them w i t h  predic-  

t i v e  m e r i t s - a r e  der ived f o r  halogenobenzenes and a number o f  

s t r u c t u r a l l y  r e l a t e d  methyl-halogenobenzenes. 

The re ten t i ons  o f  polychlorobiphenyls (PCBs) are s tud ied 

under analogous condi t ions and a number o f  i n t e r e s t i n g  r e l a -  

t i onsh ips  between t h e i r  l o g  k '  -va lues and those o f  correspond- 

i n g l y  subs t i t u ted  chlorobenzenes (PCBzs) can be proposed. 

I n  t h i s  study i n t o  poss ib le  r e l a t i o n s h i p s  between reten- 

t i o n  and s t r u c t u r a l  features three d i f f e r e n t  approaches were ap- 

p l i e d :  1) a simple v i s u a l  comparison o f  PCB and PCBz data by 

means o f  a graphica l  data-presentation; 2) a c o r r e l a t i o n  o f  PCB 

r e t e n t i o n s  w i t h  molecular surface area (Bondi) ; 3) a c o r r e l a t i o n  

of PCB re ten t i ons  w i t h  app rop r ia te l y  chosen PCBz data. 

Polybromobiphenyl r e t e n t i o n s  are i n  good agreement w i t h  

l i n e a r  o r  quadrat ic polychlorobiphenyl  re ten t i ons .  The f i n a l  

curve shape depends on the  chosen s u b s t i t u t i o n  p a t t e r n  i n  which 

a too f requen t l y  occurr ing v i c i n a l  s u b s t i t u t i o n  requ i res  a quad- 

r a t i c  curve. Same c h a r a c t e r i s t i c s  can be establ ished f o r  poly-  

bromobenzenes versus polychlorobenzenes. 

A number o f  d e t a i l s  concerning the  adsorpt ion phenomena 

o f  t he  discussed compounds w i l l  be one o f  t he  subjects  o f  a 

forthcoming paper. 
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