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ABSTRACT 

Normal-phase l i q u i d  c h r o m a t o g r a p h y  h a s  b e e n  a p p l i e d  t o  
f i v e  series o f  compounds: c h l o r o b e n z e n e s ,  c h l o r o n a p h t h a l e n e s ,  
c h l a r o b i p h e n y l s ,  m e t h y l b e n z e n e s  a n d  m e t h y l b i p h e n y l s .  Experi- 
m e n t s  were pe r fo rmed  on  s i l i c a  w i t h  1 - o c t a n e ,  n -decane ,  3- 
o c t a n e  a n d  c y c l o - h e x a n e  as  t h e  m o b i l e  p h a s e s .  

- n-hexane r e t e n t i o n  d a t a .  M u t u a l  d i f f e r e n c e s  are  s i g n j f i c a n t  a n d  
t h e y  are a p p a r e n t l y  a s s o c i a t e d  w i t h  d i f f e r e n c e s  i n  b u l k  and mo- 
b i l i t y  of t h e  m o l e c u l e s  o f  t h e  e l u e n t .  Moreove 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  i n v e s t i g a t e d  series seems t o  be of due 
i m p o r t a n c e .  

T h e  d a t a  o b t a i n e d  arE compared w i t h  p r e v i o u s l y  p u b l i s h e d  

INTRODUCTION 

Ample i n s p e c t i o n  o f  t h e  l i t e r a tu re  b r i n g s  t o  l i g h t  t h a t  

t h e  c h o i c e  o f  t h e  m o b i l e  p h a s e  i n  r e t e n t i o n  s t u d i e s  o n  normal- 

* t o  r e c e i v e  a l l  c o r r e s p o n d e n c e  

383 
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384 DE VRIES AND REKKER 

phase HPLC c o l i m n s  main l y  r e s t r i c t s  i t s e l f  t o  2-hexane. O the r  

hydrocarbons s i c h  3s pentane, hEptane, “cc . ,  a r e  mmh less f r e -  

q L e r t l y  Jsed. Any p ~ r p o s e f u l  search i n t o  t h e  e f f e c t  o f  chain- 

l e n g t h ,  b ranch ing  o r  c y c l i s a t i o n  o f  t h e  hydrocarbon used f o r  

e l u t i o n  seems l a c k l n g .  

We cons idered i t  t o  be u s e f u l  t o  extend o u r  p r e v i o u s l y  

pub l i shed  m a t e r i a l  or t h e  r e t e n t i o n  o f  a l k y l -  and halogen-sub- 

s t i t i i t e d  aromat ics  - w i t h  an e x c l i i s i v e  usage o f  2-hexane as t h e  

e l L e n t  - w i t h  a s e t  o f  measLrements on a s i l i c a  column i n  which 

- n-octane, n-decane, &-octane (2,2,4-trimethylpentane) and a- 
clc-hexane w e r e  used as t h e  mob i le  phase. The new da ta  do n o t  

cover comple te ly  t h e  o l d  ones w i t h  n-hexane e l u t i o n  s i n c e  a 

number o f  i t e m s  were no l o n g e r  a v a i l a b l e .  An ex tens ion  t o  e l u -  

e n t s  w i t h  l o n g e r  cha ins  and/or  b ranch ings  was r a t h e r  cons ider -  

Ed b u t  f i n a l l y  abandoned because m a t t e r s  o f  v i s c o s i t y  and ob- 

t a i n a b i l i t y  p resented  i nsuperab le  o b j e c t i o n s .  

- 

EXPERIMENTAL 

Re ten t ion  da ta ,  except those w i t h  cyclo-hexane, were ob- 

t a i n e d  d u r i n g  e a r l i e r  exper iments t o g e t h e r  w i t h  those onn-hex- 

ane ( 1  - 6) ,  l a r g e l y  performed by one o f  t h e  p resen t  authors(dV1. 

Regarding m a t e r i a l s ,  apparatus and f u r t h e r  exper imenta l  

c o n d i t i o n s ,  r e f e r e n c e  i s  made t o  t h e  f i r s t  paper i n  t h e  p resen t  

s e r i e s  (7) .  

RESULTS AN, DISCUSSION 

Tab le  1 c o l l e c t s  t h e  exper imen ta l  l o g  k ’ - v a l u e s  f o r  

t h r e e  s e r i e s  o f  compounds: chlorobenzenes, ch lo ronaphtha lenes  

and ch lo rob ipheny ls .  The t a b l e  compares da ta  ob ta ined  on sili- 
ca columns u s i n g  n-hexane, n-octane, 2-decane, &-octane and 

cyclo-hexane as t h e  mob i le  phase, r e s p e c t i v e l y .  

C a r s f u l  comparison o f  t h e  t a b u l a t e d  da ta  w i l l  r e v e a l  f a i r -  

l y  c l o s e  p a r a l l e l s  between t h e  observed r e t e n t i o n - v a l u e s  f o r  

t h e  t h r e e  unbranched hydrocarbonacious e luen ts ,  whereas some ob- 
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v ious  i r r e g u l a r i t i e s  f o r  t h e  branched octane and t h e  c y c l i c  

hexane phases become ev iden t .  

T h i s  made us decide t o  t r e a t  t h e  r e t e n t i o n  da ta  f o r  t h e  

unbranched mob i le  phases segarated from t h e  o the rs .  

UNBRANCHED MOBILE PHASES 

C o r r e l a t i o n s  were d e r i v e d  f o r  2-octane and n-decane da ta  

versus  those ob ta ined f o r  2-hexane. 

a. Chlorobenzenes 

l o g  k ' ( j - o c t )  = 1.007(+0.046) log k'(n-hex) + 0.021(+0.013)" 

n = 13 r = 0,998 s = 0.016 F = 2200 (es.  1) 

l o g  k'(2-dec) = 0.930(+0.044) l o g  k'(n-hex) + 0.045(+0.01?) 

n = 13 r = 0.396 s = 0.036 F = 455 (eq . 2 )  

b. Chloronaphthalencs 

l o g  k ' (n -oc t )  = l .Llb(+0.020) l o g  k'(.-liex) + 0.017(+0.005) 

n = & r = 1.000 s = 0.004 F = 17400 (es .3) 

log ki (2-dec) = G.997(+0.017) l o g  k '  (2-hex) + 0 .037(~0.005)  

n = 6 r = 1.000 s = 0.006 F = 10600 (eq. 4) 

c .  Ch lo rob ipheny ls  

125 k ' (n -oc t )  = 0.966(+0.027) log k'(E-iiex) + 0.031(+0.012) 

n = 32 r = 0.996 s = 0.013 F = 6200 (w.53 

l o g  k ' (n-dec) = 1.006(+0.019) l a g  k'(n-hex) + 0.057(+0.009) 

n = 32 r = 0.995 s = 0.029 F = 2970 (es.6) 

A l l  t h r e e  s e r i e s  i n c l u d e  t h e  u n s u b s t ' t u t e d  pa ren t  compound: 

benzene, naphthalene and b ipheny l ,  r e s q e c t i v e l y .  The c l o s e  muth- 

a 1  rcsemblancc o f  t h e  equat ion  s e t s  (1-3-5) and (2-4-5) a l l o w  t h e  

i nc l i - i s i on  o f  t h e  i n v e s t i g a t e d  m a t e r i a l  i n t o  t h e  f o l l o w i n g  two e- 

q Lia t i o n s  : 

l o g  k ' (n -oc t )  = 1.002(+0.014) log k'(n-hex) + 0.024(+0.006) 

n = 53 r = Ci.999 s = 0.016 F = 21900 (es.71 

l a g  k ' ( p d e c )  = 1.G01(+0.020) l o g  k'(E-,iex) + O.OSS(+O.OlO) 

n = 53 r = 0.397 s = 0.030 F = 7430 (w.6) 

jt i n  b racke ts  t h e  Y ~ ) / o  con f idence i n t e r v a l s .  
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TABLE 1 

Chromatographic Data o f  Chloroberzeres,  Chloronaphthalenes and 
Chlorobipheryls on S i l i c a  Columns using 1-Hexane, !-Octane, 
- n-Oecane, *-Octane snd cyclo-Hexane a s  t h e  Mobile Phase 

No cornoound l o g  k ' (obs)  

n-hex n-oct n-dec i -oct  :-hex - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

chlorobenzenes 

u n s u b s t .  

1- 

1,Z-di 

1,3-di 

1,4-di 

1 , 2 , 3 - t r i  

1 , 2 , 4 - t r i  

1,3,5-tri  

1 , 2 , 3 , 4 - t e t r a  

1 , 2 , 3 ,  % t e t r a  

1 , 2 , 4 ,  % t e t r a  

penta 

hexa 

chloronaphthalenes 

u n s u b s t  . 
1- 

2- 

1,Z-di 

1,3-di 

1,4-di 

1 , S d i  

1,8-di 

chlorobiphenyls 

unsubst . 
2- 

24 3- 

0.375 

0.033 

-0.027 

-0.157 

-0. 149 

-0.086 

-0.194 

-0.432 

-0.180 

-0.387 

-0.337 

-0.409 

-0.523 

0.582 

0.258 

0.344 

0.201 

0.021 

-0.036 

-0.036 

0.354 

0.371 

0.072 

0.009 

-0,149 

-0.119 

-0.060 

-0.194 

-0.409 

-0,161 

-0.357 

-0.328 

-0.387 

-0 * 538 

0.613 

0.281 

0.364 

0.215 

0.045 

-0.022 

-0.018 

0.377 

0.320 

0.111 

0,037 

-0.086 

-0.071 

-0.022 

-0,149 

-0.357 

-0.125 

-0.328 

-0.276 

-0.347 

-0.509 

0.619 

0.297 

0.384 

0.228 

0.064 

0.000 

0.000 

0.384 

0.61 

0.41 

0.29 

0.15 

0.23 

0.17 

0.08 

0.10 

0.10 

-0.05 

0.11 

-0.07 

-0.24 

1.09 

0.70 

0.83 

0.60 

0.46 

0.34 

0.33 

0 .75  

0.624 

0.295 

0.176 

0.074 

0.106 

0.116 

n 

-0.117 

0.054 

-0.064 

-0.044 

-0.085 

n 

0.967 0.978 1.041 1.46 1.423 

0.804 0.839 0.885 1.20 1.175 

0.663 0.672 0.705 1.15 1.086 
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25 

26 

27 
28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 2,6,2 

45 2,5,3 

46 3,4,3 

47 3,5,3 

48 

49 

50 

51 

52 

53 

4- 

2,3-di 

2 , 4-di 
2 , 5-di 
2 , 6-di 
3,O-di 

3,Sdi 

2,3,4, %tetra 
2,3 , 4,5, &pent a 

2 , 2'-di 
3,3'-di 

2,4,6,3'-tetra 

4,4'-di 

2,4 , 6,4'-tetr,a 
2,3,2',3'-tetra 

2,3,2',4'-tetra 

2,4,2' ,4'-tetra 
2 , 5,2' ,5'-tetra 

2 , 4,5,2' , 5I-penta 
,6'-tetra 

, 4'-tetra 
, 4'-tetra 
, S'-tetra 

2 , 3,4,2' , 3' , 4'-hexa 
2,3,6,2',3',6'-hexa 

2,4,5,2' , 4', 5'-hexa 
3,4,5,3' , 4' , 5'-hexa 

octa 
2,3,4,5,2' , 3' ,4' , 5'- 

deca 

0.702 

0.720 

0.578 

0.553 

0.734 

0.602 

0.411 

0.432 

0.381 

0.741 

0.426 

0.230 

0.459 

0.190 

0.542 

0.373 

0.2.12 

0.305 

0.188 

0.573 

0.266 

0,371 

-0.027 

0.332 

0.349 

0.063 

0.176 

-0.027 

-0.332 

0.708 

0.748 

0.597 

0.584 

0.792 

0.592 

0.408 

0.444 

0.403 

0.792 

0.439 

0.255 

0.455 

0.210 

0.572 

0.415 

0.238 

0.350 

0.228 

0.641 

0.281 

0.377 

0.029 

0.350 

0.389 

0.079 

0.190 

0.000 

-0.276 

0.723 

0.790 

0.634 

0.627 

0.845 

0.616 

0.444 

0.477 

0.444 

0.845 

0.467 

0.305 

0.477 

0.238 

0.604 

0.450 

0.272 

0.389 

0.246 

0.693 

0.312 

0.384 

0.072 

0.364 

0.433 

0.111 

0.199 

0.029 

-0.252 

1.16 

1.08 

0.95 

0.94 

1.04 

1.02 

0.87 

n 

n 

1.05 

0.91 

n 

0.86 

n 

0.81 

n 

0.51 

0.62 

n 

0.72 

0.60 

0.70 

0.45 

n 

nm 

0.33 

0.46 

0.30 

0.04 

1.103 

n 
0.931 

n 

1.065 

r? 

0.826 

n 

n 

n 

n 

0.564 

0.807 

n 

n 

n 

n 
0.598 

0.461 

0.781 

n 

n 

n 
0.524 

0.550 

0.318 

0.394 

0.204 

-0.072 

Note: n = not available - 
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TABLE 2 

t h e  M o b i l e  P h a s e  ( r e l a t i v e  t o  p-hexane)  
T e n t a t i v e l y  P r o p o s e d  A l o g  k' - v a l u e s  f o r  C h a i n - e l o n g a t i o n s  of 

m o b i l e  p h a s e  l o g  k '  

- n-p e n t a n e  -0.013 

- n-hexa ne  0.000 

- n- h e  p t a ne 0.013 

- n-o c t a n e  0.026 

- n-nonane 0.039 

- n-decane 0.052 

T h e  s l o p e s  o f  e q u a t i o n s  7 a n d  8 are e q u a l  t o  u n i t y  bL't t h e i r  

i n t e r c e p t s - t h o u g h  r a t h e r  s m a l l - d i f f e r  s i g n i f i c a n t l y  from zero.  

E s p e c i a l l y  a g a i n s t  t h e  b a c k g r o u n d  o f  t h e  i n t e r c e p t - v a l u e s  o f  

t h e  e q u a t i o n s  1 - 6 ,  t h e  d i f f e r e n c e  b e t w e e n  0.055 a n d  0.024 h a s  

t o  b e  c a n s i d e r e d  of s u f f i c i e n t  s i g n i f i c a n c e  t o  a l low a n  i n t e r -  

a n d  e x t r a p o l a t i o n - s c h e m e  as g i v e n  i n  T a b l e  Z? 

F i g u r e  1 g i v e s  t h e  g r a p h i c a l  r e p r e s e n t a t i o n s  o f  e q n s  '7 a n d  

0 .  We h a v e  t o  p o i n t  a t  t h e  marked s imilar i t ies  i n  t h e  d e v i a t i o n  

p a t t e r n  o f  t h e  d a t a  p o i n t s  a r o u n d  t h e  two  p a r a l l e l  s t r a i g h t  

l i n e s  A a n d  6. More a t t e n t i o n  w i l l  b e  g i v e n  t o  t h i s  phenomenon 

i n  o n e  o f  t h e  f o l l o w i n g  s e c t i o n s .  

B R A N C H I N G  A N )  CYCLIZATION OF THE MOBILE PHASE 

I s o - o c t a n e  (2,2,4-tr imethylpentane) 

F o r t y  f i v e  compounds i n  t o t a l  were a v a i l a b l e  f o r  r e t e n t i o n  

s t u d i e s  w i t h  &-octane as t h e  m o b i l e  p h a s e .  T h e  d a t a  are re- 

p o r t e d  i n  T a b l e  1 a n d  d u e  c o m p a r i s o n  w i t h  t h e  d a t a  o b t a i n e d  

w i t h  u n b r a n c h e d  h y d r o c a r b o n  e l u t i o n  shaws a n  o b v i o u s  l ack  i n  

i n t e r c o n s i s t e n c y .  F o l l o w i n g  r e g r e s s i o n  e q u a t i o n s  were d e r i v e d :  

a .  C h l o r o b e n z e n e s  

l o g  k ' ( i - o c t )  = 0 .847(+0 .205)  l o g  k ' (E -hex)  + 0.309(+0.061)  

n = 13 r = 0.940 s = 0.077 F = 83.4 (eq .93 
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-0.4 -0.2 0 0.2 0.4 0.6 0.8 
l o g  k'(n.hexane) 

FIGURE 1. R e t e n t i o n  p l o t s  o f  p o l y c h l o r o b e n z s n e s ,  p o l y c h l o r o n a p h -  
t h a l e n e s  a n d  p o l y c h l o r o b i p h e n y l s .  
A: n - o c t a n e  v e r s u s  n-hexane; 
8 :  c - d e c a n e  v e r s u s  n-hexane; 
Column: s i l i c a g e l .  

b .  C h l o r o n a p h t h a l e n e s  

l o g  k ' ( L - o c t )  = 1.178(+0.152) l o g  k '  ("-hex) + 0.389(+0.044) 

n = B r = 0 . 9 9 2  s = 0.036 F = 358 (es. 10) 

C C h l o r o b i p h e n y l s  

l o g  k' (L-oct) = 1.051 (+0.120) l o g  k'  (2-hex) + 0.342(+0.064) 

n = 2 4  r = 0.968 s = 0.087 F = 325 leq.  11) 
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-0.4 -0.2 0 0.2 0.4 0.6 0.8 . l o g  k ' ( n . h e x a n e )  

FIGURE 2 .  R e t e n t i o n  p l o t s  o f  p o l y c h i o r o b i p h e n y l s ;  l o g  k' (i-oct)  
v e r s u s  l o g  k ' ( n - h e x ) .  N u m b e r i n g :  see t a b l e  1. 
A :  e x c l u s i v e  & - s b b s t i t u t i o n  ( e q n .  12) ; 
6:  e x c l u s i v e  o r t h o - s u b s t i t u t i o n  ( e q n .  13) ; 
C :  - - s u b s t i t u t e d  PCE's ( e q n . 1 4 )  ; 
D :  l o c a t i o n  o f  s t r a i g h t  l i n e  A as  d r a w n  i n  f i g .  1. 
Column:  s i l i c a g e l .  

T h e  s t a t i s t i c a l  meri ts  o f  t h e  e q n s  9, I 0  a n d  11 are less 

s t r i k i n g  t h a n  t h o s e  o f  e q n s  1 - 6  s o  t h a t  we l e f t  a c o m b i n e d  e q u a -  

t i o n  i n c l u d i n g  9 ,  10 a n d  1 1  o u t  o f  c o n s i d e r a t i o n .  

M e t a - c h l o r o b i p h e n y l s :  The s e p a r a t e  c h l o r o b i p h e n y l - s e r i e s  ( e q n  11) 

i n v i t e s  f o r  some f u r t h e r  u n r a v e l i n g .  F i g u r e  2 p i c t u r i z e s  a l l  25 

da ta  p o i n t s  a n d  it c l e a r l y  i n d i c a t e s  t h e  b o r d e r i n g  f u n c t i o n  o f  

t h e  - - s u b s t i t u t e d  d e r i v a t i v e s  ( s t r a i g h t  l i n e  A) . T o g e t h e r  w i t h  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
5
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



ALKYL- AND HALOGEN-SUBSTITUTED AROMATICS. IV 391 

t h e  u n s u b s t i t u t e d  b ipheny l  t hey  y i e l d  f o l l o w i n g  h i g h l y  s i g n i f i -  

can t  r e g r e s s i o n  equat ion  (Nos 22, 24, 31, 35 and 47) : 

l o g  k '  ( i - o c t )  = 1.0 1Y (20.054) log k '  (2-hex) + 0.471 (+0.032] 

n = 5 r = '1.000 s = 0.013 F = 3450 (eq. 12) 

The s lope  o f  t h i s  equa t ion  equals t h a t  observed f o r  equat ion  7 

(5-oct 5-hex) b u t  i t s  i n t e r c e p t  s t r o n g l y  surpasses t h a t  o f  

l a t t e r  equat ion ;  a v i s u a l i z a t i o n  i s  presented i n  f i g . 2  (compare 

t h e  s t r a i g h t  l i n e s  A and 0 ) .  The in te rcep t -va lue  o f  eqn. 12 w o u l d  

i n d i c a t e  t h a t  %-octane, r e l a t i v e  t o  n-hexane, behaves as i f  i t  

had an unseemly l o n g  unbranched cha in  o f  more t h a n  40 C-atoms! 

Compare f o r  t h a t  purpose t h e  da ta  f rom Tab le  2. None o f  t h e  phys- 

t c a l  p r o p e r t i e s  o f  =-octane appear respons ib le  f o r  t h i s  phe- 

nomenon, except perhaps i t s  b u l k y  shape. 

Or tho-ch lo rob ipheny is :  Taken toge the r  w i t h  b ipheny l  (No 22) t h e  

f o u r  o r tho -subs t i t u ted  d e r i v a t i v e s  (Nos 23, 29, 34 and 44) prs-  

sent  themselves as  a second bo rde r ing  l i n e  (B)  i n  f i g . 2 .  The E- 

q u a t i o n  i s  o f  reasonable q u a l i t y :  

l o g  k ' l i - o c t )  = 1.691(+0.24'I)log k'(2-hex) - 0.350(i0.167) 
n = 5 r = 0.998 s = 0.022 F = 613 (eq .  13) 

Compared w i t h  t h e  -- l ine A ,  l i n e  B has made a t u r n  t o  t h e  

r i g h t  around b i p h e n y l  (No 22) as a h inge-po in t .  A l l  remain ing  

d e r i v a t i v e s  f i n d  themselves i n  t h e  f i e l d  bordered by t h e  l i n e s  

A and 0 and b i p h e n y l  p e r s i s t s  i n  m a i n t a i n i n g  i t s  r a t h e r  exc lu -  

s i v e  p o s i t i o n  as c l e a r l y  shown by s t r a i g h t  l i n e  C which comprises 

a l l  ch lo rob ipheny ls  w i t h  any p a r a - c h l o r o s ~ b s t i t u t i o n :  Nos 25, 27, 

30, 37, 41, 45, 46, 50-53: 

l o g  k ' ( i - o c t )  = 1.14C(+O.O98)1og k'(z-hex] + 0.316(+0.ac7) 
n = 12 r = 0.993 s = 0.051 F = 677 (eq.141 

Cyclo-hexane 

Al though t h e  a v a i l a b l e  da ta  was f a i r l y  r e s t r i c t e d  QJe t r i e d  

to construe, p a r t i a l l y  q u a l i t a t i v e l y ,  some overview i n  o rde r  t o  
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0.2 

0 

-0.4 -0.2 0 0.2 0.4 0.6 0.8 . l o g  k ' (n .hexane)  

FIGURE 3. R e t e n t i o n  p l o t s  o f  p o l y c h l o r o b i p h e n y l s ;  l o g  k '  (:-hex) 
v e r s u s  l o g  k ' ( i - h e x ) .  Numbering:  see t a b l e  1.  
A: e x c l u s i v e  & - s u b s t i t u t i o n  (hand-drawn l i n e )  ; 
6: e x c l u s i v e  o r t h o - s u b s t i t u t i o n  (hand-drawn l i n e )  ; 
C: - - s u b s t i t u t e d  PCB's ( e q n .  17) ; 
0 :  l o c a t i o n  o f  s t r a i g h t  l i n e  A as drawn i n  f i g .  1. 
Column: s i l i c a g e l .  

make some c o m p s r i s o n  b e t w a n  2 -hexane  a n d  L - o c t e n e  r e t e n t i o n s .  

F o l l o w i n g  r e g r e s s i o n  e q u a t i o n s  were d e r i v e d :  

a .  C h l o r o b e n z e n e s  

l o g  k' (:-hex) = O.ELC(+G. 106) log k ' ( i - h e x )  + G.246(+C.02!3) 

n = 11 r = 0.5bb s = G . 0 3 5  F = 354 (es .  75) 
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TABLE 3 

Mutual Comparison o f  Mobi le Phases &-Octane and cyclo-Hexane 

mob. comp. eqn n slope i n t e r -  r S F f i g .  
phase c lass  cept 

- i - o c t .  ClBzs 9 13 0.847 0.309 0.940 0.077 83.4 

- c-hex. do. 15 11 0.880 0.246 0.988 0.035 354 

- i - o c t .  ClBPs 11 24 1.051 0.342 0.968 0.087 325 

- c-hex. do. 16 18 1.164 0.244 0.986 0.067 544 

- i - o c t .  do.m 12 5 1.019 0.471 1.000 0.013 3450 2A 

- c-hex. do, x 3 (1.1) (0.4) 3A 

- i - o c t .  do. 13 5 1.891 -0.350 0.998 0.022 613 2 9  

3 0  - c-hex. do. 4 (7.65) (-0.15) 

- i - o c t .  do.' 14 12 1.140 0.316 0,993 0.051 677 2C 

- c-hex. do.' 17 11 1.178 0.248 0.993 0.055 610 3C 

m 

0 

0 

Notes: m, 0, p i n d i c a t e  meta, or tho and p a r a - s e r i e s ,  respec- 
t i v e l y ;  * the  number o f  data po in ts  are i n s u f f i c i e n t  f o r  s e t t i n g  
UP sound co r re la t i ons ;  values g i ven  i n  parenthesis are 
obtained f rom hand-drawn l i n e s  (given as broken l i n e s  i n  
f i g .  3). 

b. Chlorobiphenyls 

log k'(c-hex) = 1.164(+0.106) log k'(n-hex) + 0.244(20.053) 

(eq. 16) n = 18 r = 0.986 s = 0.067 F = 544 

c. Para-chlorosubst i tuted biphenyls 

l o g  k '  (2-hex) = 1.178(+0.109) l o g  k '  (?hex) + 0.248(+0.048) 

n = 11 r = 0.993 s = 0.055 F = 610 (es. 17) 

S t r a i g h t  l i n e  C i n  f i g u r e  3 v i sua l i zes  eqn 17 and t h e  

hand-drawn (broken) l i n e s  A and B denote the  counterparts o f  

l i n e s  A and B from f i g u r e  2, represent ing the  border ing l i n e s  

f o r  meta and or tho-subst i tu t ion,  respec t i ve l y ,  i n  the  two f i g -  

ures. The agreement o f  these f i gu res  i s  s t r i k i n g  and becomes 

even more conspicuous from Table 3 where the  re levan t  equa- 

t i o n s  can be d i r e c t l y  compared. 
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1- g - h e x an  e 4 

t 
I n - d e c a n  e-( 

n - o  c t a  n e{ 

e n t a n e  

FIGURE 4: P r o f i l e s  of n - h e x a n e ,  n - o c t a n e ,  2 - d e c a n e  a n d  2,2,4- 
t r i m e t h y l p e n t a n e  ( i - o c t a n e )  o b t a i n e d  from p r o j e c t i o n s  
o f  CPK - r r o d e l s .  

The only d i f f e r e n c e  b e t i l e e n  c - h e x a n e  a n d  i - o c t a n e  w o u l d  

seem t h a t  t h e  first o f  t h e  two  r r o b i l e  p h a s e s  f i n d s  i t s e l f  

s l i g h t l y  c l o s e r  t o  a n  u n b r a n c h e d  m o b i l e  p h a s e  t h a n  t h e  e v i d e n t -  

l y  r n o x  b u l k y  i - o c t a n e  ( s e e  f i g u r e  4 ) .  

COMMENTARIES CONCERNING SOME OF THE PRECEEDING SECTIONS 

T h e  eqns 7 a n d  8 d e r i v e d  f o r  a s e r i e s  o f  53 c o m p o u n d s  i n -  

c l u d i n g  c h l o r o b e n z e n e s ,  c h r o r o n a p h t h a l e n e s  a n d  c h l o r o b i p h e n y l s  

compare p o c t a n e  v e r s u s  n-hexane e l u t i o n s  a n d  p - d e c a n e  v e r s u s  

- n - h e x a n e  e l u t i o n s ,  r e s p e c t i v e l y .  B o t h  e q u a t i o n s  were o f  a p e r -  

feet s t a t i s t i c a l  q u a l i t y ,  b u t  c l o s e  i n s p e c t i o n  o f  t h e  two g r a p h s  

( F i g .  I), h o w e v e r ,  g a v e  a c l e a r  i n d i c a t i o n  o f  a f a i n t  d i s s i m i -  

l a r i t y  p a t t e r n .  I n  o r d e r  t o  d r a w  a n  o p t i m a l  a m o u n t  o f  i n f o r m a -  

t i o n  from o u r  i n v e s t i g a t i o n s  we s k e t c h e d  t h e  e x p a n d e d  l i n e - p a t -  
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& 1 , , . 5 , , , ,  10. , , , 1 5 , ,  Z O . ,  I I 25,  I , I 30, , , , 3 5 , ,  , , 4 0 ,  , , I 4 5 , ,  , , 5 0 ,  , 1 

FIGURE 5. ( o p p o s i t e  page )  G r a p h i c a l  p r e s e n t a t i o n  o f  d a t a  f rom 
T a b l e  1 on  r e l a t i v e  A-scales;  
A:  A = l o g  k ' ( n - o c t )  - l o g  k'(:-hex) 
B: A = l o g  k '  (n-dec) - l o g  k ' (n-hex)  
C :  A = l o g  k' (;-hex) - l o g  k '  ( I -hex)  

E v i d e n t  e x t r e m e s  i n  A a n d  8 are  g i v e n  i n  h e a v y  d o t s ;  
t h e s e  are  i n t e r c o n n e c t e d  by v e r t i c a l  l i n e s  f o r  a number 
of o r t h o - s u b s t i t u t e d  BPs; 
As f o r  C a n d  D are  drawn o n  a f i v e - f o l d  c o n t r a c t e d  
scale;  p = p e n t a ;  h =  h e x a ;  d =  d e c a ;  

D: A = l o g  k '  ( i -oct)  - l o g  k '  (E-oct)  

t e r n  r e p r e s e n t e d  i n  F i g . 5 .  T h i s  f i g u r e  c l e a r l y  f a c i l i t a t e s  t h e  

m u t u a l  c o m p a r i s o n  o f  some d e t a i l s  " h i d d e n "  i n  F i g .  1. 

1. T h e  A a n d  B p a t t e r n s  c l o s e l y  fo l low e a c h  o t h e r  as i s  eas- 

i l y  o b s e r v a b l e  by i n s p e c t i n g  t h e i r  e v i d e n t  e x t r e m e s .  I n  t h e  PCB- 

ser ies  o r t h o -  c h l o r i n e  s u b s t i t u t i o n  e f fec tua tes  a p ronounced  up- 

ward.  move i n  t h e  c u r v a t u r e s  A a n d  8 .  I n  a number o f  cases we i n -  
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396 DE VRIES AND REKKER 

TABLE 4 

Chromatographic Data o f  Brornobenzenes, Iodobenzenes and Bromo- 
b ipheny l s  on S i l i c a  Columns us ing  2-Hexane and =-Octane a s  t h e  

Mobile Phase 

No compound l o g  k ' (obs )  

- n-hex i - o c t  

1 

2 

3 

4 

5 

6 

7 

6 

9 

10 

11 

12 

13 

14 

15  

16 

17 

18  

19 

20 

21 

brornobenzenes 

unsubs t .  

1- 

1,Z-di 

1 ,3 -d i  

1,4-di 

1 , 2 , 4 - t r i  

1 ,3 ,5 - t r i  

hexa 

iodobenzenes 

1- 

1 ,3-d i  

1,4-di 

brornobiphenyls 

unsubs t .  

2- 

3- 

4- 

2,2 -di  

4 ,4 ' -d i  

2,5-di 

3 , 5 , 3 ' , 5 ' - t e t r a  

0 , 3 7 5  

0 .079  

0.072 

-0.092 

-0.060 

-0.076 

-0 .3  10 

-0.119 

0.097 

-0.027 

-0.004 

0 .967  

0 .838  

0.667 

0.717 

0 .624  

0.520 

0.620 

0.188 

2 , 4 , 5 , 2 '  ,4' ,5'-hexa 0.322 

3 , 4 , 5 , 3 '  , 4 '  ,5'-hexa 0.484 

0.61 

0.50 

0.3Y 
0.27 

0.32 

0.26  

0.09 

0 . 1 5  

0 .57  

0 .43  

0 . 4 5  

1.46 

1 .36  

1 .34  

1 .35  

1 .25  

1.13 

1 .18  

0.76 

0 . 7 5  

0.80 
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FIGURE 6. Graphical  presentat ion of data from Table 1 (chloro- 
der ivat ives)  and Table 4 (bromo- and iodo-der ivat ives) 
on r e l a t i v e  A-scales;  
A = log k '  (i--oct) - log k '  (n-hex] 

terconnected t h e  po in ts  i n  quest ion by v e r t i c a l  l i n e s .  Para- 
c h l o r i n e  s u b s t i t u t i o n  appears t o  have an opposi te e f f e c t  and t h e  

downward displacements happen t o  become p a r t i a l l y  compensated by 

SuitEijlE: - - ch lo r i ne  s u b s t i t u t i o n .  The i n d i v i d u a l  & -ch lo -  

r i n e  e f f e c t  i s  man i fes t l y  unvei led by No 47.-the 3,5,3 ' ,5 ' - te t ra-  

c h l o r o d e r i v a t i v e - w i t h  an upward e f f e c t  f u l l y  comparable w i t h  t h a t  

o f  No 29-2,2'-dichlorobiphenyl. 
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TABLE 5 

Chromatographic Data o f  Methylbiphenyls on S i l i c a  Columns us ing - n-Hexane, n-0ctane and E-Decane as t h e  Mobi le Phase 

No compound log k'(obs] 

- n-hex p o c t  - n-dec 

1 unsubst. 0.967 0.978 1.041 

2 2- 1.08 1.158 1.200 

3 4- 1.08 1.097 1.099 

4 2,2 ' -d i  1.15 1.240 1.290 

5 3,3 ' -d i  1.15 1.203 1.203 

6 4,4'-di  1.15 1.169 1.169 

3 3 ,5 -d i  1.11 1.181 1.200 

0 2 ,3 ,2 ' , 3 ' - t e t ra  1.30 1.437 1.466 

9 2,4,2 ' ,4 ' - te t ra  1.32 1.422 1.457 

10 2,5,2' , 5 ' - t e t r a  1.23 1.328 1.380 

11 3,4,3 ' ,4 ' - te t ra  1.38 1.430 1.410 

12 2,4,5,2',4',5'-hexa 1.43 1.551 1.545 

13 2,4,6,2',4',6'-hexa 1.28 1.420 1.450 

2. The o v e r a l l  e f f e c t  o f  t h e  r a t h e r  bu l ky  s t r u c t u r e s  &- 
octane and cyc lo  - hexane i n  comparison w i t h  t h e  e v i d e n t l y  l e s s  

compact 2-hydrocarbons cons is t s  i n  a s i g n i f i c a n t  l ower ing  o f  t h e  

PCB pat terns (C and D) i n  question. 

3 .  Although the  d a t a - s e r i e s  w i t h  --octane and c y c l o -  

hexane e l u t i o n s  are l e s s  complete, they a l l ow  t h e  conclusion t h a t  

t he  o r t h o - c h l o r i n e  e f f e c t  i n  the  PCB-ser ies i s  apparent ly  i n -  

versed. The e f f e c t  can e a s i l y  be fo l lowed by observat ions a long 

the  v e r t i c a l  l i n e s  i n  F ig .5.  

A c l e a r  phys i ca l  p i c t u r e  o f  t h e  e f f e c t s  s igna l i zed  under 2 
and 3 i s  as ye t  not ava i l ab le ,  however. 
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.16 

.12 

A -  
.08-  

.04 

0 

3 99 

- 

- 

- 

- 1  

FIGURE 7. G r a p h i c a l  p r e s e n t a t i o n  of  d a t a  from T a b l e  5 (rnethyl-  
b i p h e n y l s )  and  T a b l e  1 ( c h l o r o b i p h e n y l s )  o n  r e l a t i v e  

A(rne-BPs) : A = log  kl(E-oct) - l o g  k'(n-hex) 
B(me-BPs) : A = l o g  k '  (n-dec) - l o g  k '  (n-hex) 
C(C1. BPs) : A = l o g  k '  (2-oct) - log k'  ( -hex)  
D(C1-BPs) : A = l o g  k'(2-dec) - l o g  k'ln-hex) 
B r o k e n  l i n e s  a n d  a r r o w  i n  t h e  t o p - h a l f  denote t h e  
a p p r o x i m a t e  l o c a t i o n  ( o u t s i d e  t h e  f i g u r e )  o f  2,4,6, 
2 ' ,4 '  ,6'-hexachloro-biphenyl. 

-scales; 
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THE EFFECT OF BROMO- AND METHYL-SUBSTITUTION I N  THE PATTERNS 
OBSERVED ABOVE 

Due r e f l e c t i o n o n t h e  preced ing  s e c t i o n  a r i s e s  t h e  q u e s t i o n  

whether t h e  observed phenomena a r e  e x c l u s i v e  o f  t h e  presence o f  

o t h e r  s u b s t i t u e n t s .  

Having a v a i l a b l e  a ( r e s t r i c t e d )  c o l l e c t i o n  o f  bromo- and 

m e t h y l - d e r i v a t i v e s  we decided t o  round o f f  o u r  s tudy  w i t h  t h e  

d a i a  c o l l e c t e d  i n  Tab les  4 and 5. Tab le  4 p resen ts  t h e  chrornato- 

g r a p h i c  da ta  o f  bromobenzenes , iodobenzenes (no more t h a n  t h r e e  

compounds were a v a i l a b l e )  and bromobiphenyls. Tab le  E c o l l s c t s  e 

s e r i e s  o f  n e t h y l b i p h e n y l s .  The da ta  were t r e e t e d  i n  t h e  same nay 

as  those o f  t h e  c h l o r o - d e r i v a t i v e s  ( f i g . 5 )  and t h e  f i n a l  r e s u l t s  

a r e  p resented  i n  F i g u r e s  6 and 7. As f a r  as  r e l e v a n t  t h e y  a r e  

accompanied b y  t h e  cor respond ing  c h l o r o - d a t a .  

I n  b r i e f  o u t l i n e  t h e  t , o  graphs i n  F i g . 6  a r e  compareble t o  

c 512 t e x t e n t .  An excep t ion  i s  p resented  by  2-brornobiphcnyl i i t h  

B s i g n i f i c a n t  A - inc rease brhen ba ing  compzred i l i t h  i t s  2 -ch lo ro  

analogLe. 

F i g w e  7 c l e e r l y  demonstrates t h a t - o n  a s l i g h z l y  decreased 

l e v e l - t h e  g a t t e r n  o f  i , l e t h y l - s ~ b s t i i L t i o n  i s  no t  e s s e n t i a l l y  d i f -  

f e r e n t  f rom t h e  pat-ce-n observed f o r  t h e  c h l o r o  analogues. 

When we t a k e  i n t o  regei-d t h e  f e c t  t h e t  t h e  e l e c t r o n i c  cher-  

a c t e r  o f  t h e  Z L b s t i t u e n t s - h a l o g e n  versus  m e t h y l - i s  r a t h e r  d i f -  

f e r e n t  (8) , we may draw t h e  conc lus ion  t h a t  t h e  shape o f  t h e  mol- 

ecu le  i n  which i t  z n t e r s  c o n f r o n t a t i a n  w i t h  t h e  e l u t i n g  hydro- 

carbon i s  t h e  most impor tan t  f a c t o r  i n  t h e  r e p o r t e d  exper iments.  

CONCLUSIONS 

I n  a s e r i e s  of t h r e e  preced ing  papers we s t u d i e d  t h e  r e t e n -  

t i o n a l  behav iour  o f  a lkylbenzenes, halogeno-alkylbenzenes, ha lo -  

genobenzenes, methy lb ipheny ls ,  ha logenob ipheny ls  and chloronaph- 

tha lenes  on  normal phase s i l i c a  and alumina columns w i t h  a p p l i -  

c a t i o n  o f  1-hexane as t h e  mob i le  phase ( 7 , 8 , 9 ) .  
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From e x t e n d e d  c o r r e l a t i o n  s t u d i e s  it became c lear  t h a t  t h e  

t r a n s i t o r y  b i n d i n g  of t h e  a b o v e  d e n o t e d  compounds d u r i n g  t h e i r  

t r a n s p o r t  o v e r  t h e  s t a t i o n a r y  p h a s e  o r i g i n a t e s  i n  t h e  e l e c t r o n -  
d e n s i t y  o f  t h e i r  n - c l o u d s ;  a n d  t h c t  t h e  s t r i k i n g  d i f f e r e n c e s  be- 

t w e e n  a l k y l -  ?nd h a l o g e n - s u b s t i t u e n t s  are r e l a t e d  t o  t h e i r  i n -  

d u c t i v e  p r o p L r t i e s :  e l e c t r o n - r e l e e s i n g  f o r  a l k y l g r o u p s  a n d  e- 

l e c t r o n - w i t h d r a w i n g  f o r  h a l o g e n s .  

T h e  p r e s e n t  s t t i d y  p a i d  d u e  a t t e n t i o n  t o  t h e  h i t h e r t o  h a r d -  

l y  e n v i s a g e d  e f f ec t  o f  t h e  m o b i l e  p h a s e  s t r u c t u r e .  Bo th  t h e  ef- 

f ec t s  o f  c h a i n l e n g t h - c h a n g e s  and  t h e  e f f ec t  of b u l k i n e s s  o f  

t h e  a p p l i e d  h y d r o c a r b o n a c e o u s  m o b i l e  p h a s e  g o t  a t t e n t i o n  and  w e  

c o u l d  e s t a b l i s h  small t h o u g h  s i g n i f i c a n t  e f f ec t s .  I n  t h e  se- 

q u e n c e  n-hexane - n - o c t a n e  - n-decane  t h e  l o g  k '  - i n c r e a s i n g  ef- 

fec t  a m o u n t s  t o  a p p r o x i m a t e l y  0 . 0 1 3  p e r  C H 2 - u n i t .  

Under  t h e  a p p l i e d  e x p e r i m e n t a l  c o n d i t i o n s  t h e  e f fec t  of  

b r a n c h i n g  (&-octane) a n d  r i n g  - f o r m a t i o n  is much more pronoun-  

c e d  t h a n  t h a t  o f  c h a i n - e l o n g a t i o n .  G r o s s o - m o d o  we t h i n k  t h a t  

s p a t i a l  features  i n t e r p l a y i n g  be tween  m o b i l e  p h a s e  a n d  s o l u t e  

are t h e  d e t e r m i n i n g  f ac to r s  i n  t h e  u l t i m a t e  p r o c e d u r e  o f  de- 

a n d  a d s o r p t i o n .  
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