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S S T R A C T  

Ascending paper chromatography of some pes t ic ides  aria 
toxicants  containing a t e r t i a r y  amino group has been 
performed t o  record t h e i r  mobili t ies i n  acidic ,  basic 
and sal ine waters and sow common organic solvents, 
Several binary se arat ions of thege o l lu t an t s  have 
been achieved. 
below: 
Bmitrole from azobenzene, bavistin,  cal ixin,  2,4-Lutidine, 
2,6-Lutidine, I?-ethylmorpholine p-picoline,  Y-picoline 
and quinoline; Azobenzene f rom i a v i s t i n  
Lutidine, 2,6-Lutidine, fl-picoline, Y-picoline, pyridine 
and quinoline; Bavistin from 2 4-Lutidine, 2,6-Lutidine, 
p-picoline Y -picoline and quinoline; 
from 2,4-Luhdine, 2,6-Lutidine, S-picol ine,  Y-picoline 
and N-ethylmorpholine from binary mixtures. An attempt 
at st ructur@-act i v i  ty- correlat ion reve al s t ha t  the phy si- 
ca l  forces  responsible f o r  both the chromatographic 

Tge important separafions are summarized 

calixin,  2 4- 

and minoline 
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20 8 Q U R F S H I ,  SULAIMAN, AND QURESHI 

behaviour as w e l l  as the  t o x i c i t y  are  almost i d e n t i c a l  
and t h e  most important Common physical  i n t e r a c t i o n  seems 
t o  be t h e  hydrogen-bonding. 

IiTTBO LUCTIOW 

Ter t ia ry  amine p o l l u t a n t s  are  found i n  varying 
q u s n t i t i e s  i n  samples of air, water and s o i l .  One of 
t h e i r  important c h a r a c t e r i s t i c s  i s  t h e i r  carcinogenici ty ,  
Though t h e  l i t e r a t u r e  is r e p l e t e  with a n a l y t i c a l ,  
physico-chexical and chemical data on polycycl ic  
aromatic hydrocarbons (PBH) ( 1  ) comparatively l i t t l e  
progress  has been made with t e r t i a r y  axnine p o l l u t a n t s  
and as far as w@ are aware there  has  been n e a i g i b l e  
attempt at s t ructure-ackivi ty-correlat ions f o r  t h i s  
class of compounds. In  primary attempts i n  this 
d i rec t ion  from our l a b o r a t o r i e s ,  a eimple and inexpen- 
sive spot- tes t  (2)  was developed for the  detect ion of 
these compounds in  n e u t r a l ,  saline a c i d i c  and bas ic  
waters and a 
developed for t h e  near-specif ic  ana lys i s  of 2,6-Luti- 
dine - an important member of this c l a s s  ( 3 ) .  

spectrophotometric method has been 

The c l a s s i c a l  technique of chromatography i.e. , 
colum, paper and t h i n  l a y e r  though on the  decline due 
t o  the development of more powerful and sophis t ica ted  
techniques i.e.,  HPLC and GC, c e r t a i n l y  o f f e r  c e r t a i n  
unique advantages as they can be used t o  separate  complex 
mixtures i n t o  simpler f r a c t i o n s  p r i o r  t o  f u r t h e r  separa- 
t i o n  by high reso lu t ion  techniques and i d e n t i f i c a t i o n  of 
mixture cons t i tuents  (4). Paper chromatography i s  a 
v e r s a t i l e  technique dtae t o  i t s  inherent  s implici ty  and 
gives  b e t t e r  reso lu t ion  than co lum chromatography (5) .  
Separations difficult  i n  columns can be car r ied  on papers 
of ten with success. A f u r t h e r  advantage stems f r o m  the  
f a c t  t h a t  paper techniques can of ten  separate compounds 
with i d e n t i c a l  uv-absorption spec t ra  ( 6 ) .  The disadvan- 
t a g e s  of paper chromatography are  i r reproducible  papers, 
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TERTIARY M N E  POLLUTANTS 209 

often inadequate reso lu t ion  and poor quant i f ica t ion  (7) . 
However, t h e  disadvantages a re  not applicable t o  t h e  
development of s t ructure-act ivi ty-correlat ions where only 
broad t r e n d s  of var ious members of a f d l y  a r e  considered. 
Furtheraore t h e  extreme s implici ty  and very modest cost  
makes it an i d e a l  technique f o r  rout ine a n a l y s i s  espe- 
c i a l l y  i n  t h i r d  world countr ies .  

The present  comaa;mication summarises t h e  separa- 
t i o n s  and mobi l i t i es  of t e r t i a r y  amine p o l l u t a n t s  by 
paper chroraatography and an attempt has been made at a 
st ruc t  ure-act i v i t y -  cor re la t ion  . 

Re agent s 

prepare aqueous or e thanol ic  solution's of t h e  t e s t  
substances (114). When it is not possible  t o  prepare 114 
solut ion,  prepice sa tura ted  solution. Prepare also aqueous 
sa tura ted  solut ion of phosphonolybdic acid,  sodium carbo- 
n a t e  and sa tura ted  so lu t ion  of copper iodide i n  a c e t o n i t r i l e .  
Bu. chemicals and reagents  were of ANRLAR grade obtained 
from BDH (England) and SGTU (USA) except: b a v i s t i n  E2- 
(mthoxycabomoyl) benximidaxole 50s W/W; adjuvants add 
100s W/Wl and c d i x i n  (N-trfde~yl-2~6-dimetLUrlmorphoffe 
SO$ W/W; adjuvants 2046 W/W) , B A S ,  Aktzengesechdt West 
Germany. What- BTo. 1 f i l t e r  papers. 

Apparatus 

Ordinary 20 x 5 cm, @ass j a r s  were used t o  develop 
t h e  paper 14 x 3 e m  s t r i p s .  
t ing t h e  spot t o  de tec t  the  f luorescent  spot. 

W-lamp was used f o r  irradia- 

The ascending technique w a s  appl ied i n  these studies.  
The papers were spot ted f o r  t h e  pol lu tan ts ,  hung i n  the  
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210 QURESHI, SULAIMAN, AND QURESHI 

glass j a s  and developed i n  t h e  var ious  t y p e s  of waters 
and organic solvents.  The p o l l u t a n t s  were detected as 
yellow Bpots by dipping t h e  s t r i p  in t h e  so lu t ion  of phos- 
phomdybdic acid o r  by dipping in the  so lu t ions  of copper 
iodide and sodium carbonate respect ively followed by 
i r r a d i a t i o n  with uv-light . 

The chromatographic behaviour of the f o l l o w h g  12  
p e s t i c i d e s  ( P )  and t o x i c a n t s  ( T )  have been studied. 
1 . (P)gnitrol ( 3 - ~ 0 - 1 , 2 , 4 - t r i a z o l e )  , 
(Diphenyldiazeae) , 3 . ( P ) B a ~ i s t i n  (2-nBtho~yry-carbamoyl 
beneimiduole)  , 4 .('I Calixin (N-tridecyl-2,6-dimetbyl 

2.(P)Azobenzene 

mo3h01ine) 6.' )~,B-Lutidine(  ' 2,6-dimthyl pyridine)  , 
morpholine, 8.( ' )p-picoline(Fmethyl pyridinel  9. 
~ i c o l i n ~ ~ j 4 - ~ t ~ l  pyridine,  10.(')Pyridine, I 7 .(T)quinoline 
and 12. Trimethylamine. The solvent systems used were: 
1. M s t i l l e d  water, 2. 274 1s and 0.1s HCl,TZ$,l$ and 

H a C l ,  6, 2%lTaHZpOq, 7. 2%XHSO4, 8 .  2$NaqOOg, 9. 2% 
NaN02, 10. 2$liaHO 11. 25Pb(NOg)2e 12* Chloroform, 
13. Carbontetrachloride,  14. Benwne, 15. Cktorobenzene 

O o l Z  mOg, 4. 2Ps 1% and 001% PaOH, 5. 2$, 1% and O * l $  

3' 

a d  16. Butyl alcohol,  

The chromatographic behaviour of these  compounds is 
i l l u s t r a t e d  in f i g u r e  
solvents  used. 
r a t i o n s  have been achieved. 

1 by p l o t t i n g  % values  against  t h e  
On t h e  b a s i s  of the  % values, several  sepa- 

Application of paper chromatography f o r  t h e  separa- 
t i o n  of organics  containing a t e r t i a r y  amino group using 
phosphomlybdic acid as a de tec tor  i s  docuinented i n  the 
Lederer'  s book of "Chromatographg"(8) and the  t tBnalytical  
Chemistry of Nitrdgen and i t s  Compoundsn(9). 'Wagner and 
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ABBREVIATIONS:-  l=CHCl- j ,  2 = c c 1 4 t  3 =  C6Hgr 4 =CgH5CL , 5  = (CH313C-OH 
6 =  DISTILLED WATER 7 = H C 1 , 8 = H N 0 3  9 = N a O H ,  IOzNaCL,  1 1 =  N a H 2 P 0 4  
I 2 =  K H S 0 4  13= Na2C03,14=NaNO3 15 = N a N O 2  16= Pb I N O 3 ) z  
A M [ =  AMITROL, AZO=AZOBENZENE, B A V =  BAVIST IN ,CAL=  C A L I X I N ,  
2 ,4 -L  Z 2,4-LUTIDINE, 2 , 6 - L  = 2,6-LUTIDINE, NEM= N-ETHYLMORPHOLINE 
p -  p z P-P ICOLINE,  Y - P = Y - P I C O L I N E ,  PYRZ PYRIDINEiQUI=QUINOLINE 
TM A = TRIMETHY LAMINE 

* =  R f  0 = R f  OF TAILING COMPOUNDS 
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212 QURESHI, SULAIMAN, AND QURESHI 

Lehmann have used sa tura ted  so lu t ion  of'copper iodide in 
a c e t o n i t r i l e ,  sa tura ted  so lu t ion  of sodium carbonate in 
water followed by uv r a d i a t i o n  f o r  t h e  detect ion of hetero- 
cyc l ic  n i t rogen  compounds by fluorescence (10).  
two det'ectors proved t o  be complementary f o r  t h e  p o l l u t a n t s  
under study as they give br ight  yellow colour and f luores-  
cence respect ively.  The chromatographic data given in 
f i g u r e  1 shows that as t h e  pH of t h e  water decreases, 
detect ion and separat ion becomes e a s i e r ,  For example 27 
separat ions can be achieved i n  s t rongly acidic so lu t ions  
of W O g ,  HC1, Pb(N0 ) while only two separat ions can be 
achieved i n  s t rongly a lka l ine  so lu t ion  of N&H. T h i s  
aspect i s  f u r t h e r  discussed below, 

These 

3 2  

Figure 1 a lso i n d i c a t e s  t h a t  t h e  mobili ty of organics  
under study except azobenaene, c a l i x i n  and quinoline i s  
very low in organic solvents.  The mobility of these conk 
pounds i s  high i n  a c i d i c  waters, naedium i n  n e u t r a l  waters 
and low in a lka l ine  waters. The results give t h e  relevant  
information about severa l  binary separations.  

The next and perhaps the  more important aspect of 
this work was t o  attempt a s t ructure-act ivi ty-corslat  ion. 
T h i s  attempt was due t o  t h e  f a c t ( f i g u r e  1 )  t h a t  trimethyl- 
d n e ,  pyridine and i ts  derivat ives;  2,4-Lutidine, 2,6- 
Lutidine , p3-picoline and 1/ -picoline give allllost i d e n t i c a l  
chromatographic behaviour and t h i s  aade us suspect t h a t  the  
toxic/carcinogenic behaviour of t h e e  compounds i s  i n  80- 
way l o c a l i s e d  on t h e  lone-pair  on t h e  Nitrogen atom f o r  
t h i s  class of compounds. It a lso  became clear t ha t  
hydrogen bonding seems t o  play a c r u c i a l  r o l e  i n  the  chro- 
matographic behaviour of t h i s  class. 
1 )  the mobili ty of a n i t r o l e  i s  e s s e n t i a l l y  zero i n  non- 
hydrogen bond or weak hydrogen bond donor solvents  i.8. 

CHClg, C a 4 ,  C6H6 and C H Cl while it has an intermediate 
value f o r  ( M  ) 
water a f t e r  which t h e r e  i s  much l e s s  s teep  r ise  and l e v e l l -  
ing off as the pH of the  mdia i s  decreased. These r e s u l t e  
are i n  consonance with t h e  hydrogen-bond concept. It i s  

Eor  example, ( f igure  

6 5  
COH and a very high value f o r  d i s t i l l e d  3 3- 

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



TERTIARY AMINE POLLUTANTS 213 

0,8 
0 
ry 
I 

Q- 

0..4 

0 

well known tha t  hydrogen-bonding p lays  a c r u c i a l  r o l e  in 
binding the  carcinogen t o  n u c l e i c  a c i d  analogue of l N A ( 1 1 ) .  

d i s t  i l l e  d water f &p = %A and I J D ~ ~  values  and the 
s c a t t e r  diagram is given i n  2. LD50  va lues  are a 
rneasure of t o x i c i t y  (12)  and defined as: 

There w a s  however no c o r r e l a t i o n  between mobili ty in 

Toxicity i s  expressed as t h e  LD50 based on o r a l  feeding 
of male rats. 
t h e  compounds required p e r  kilogram of animal weight t o  
produce mortal i ty  in 50% of t h e  t e s t  animals. 
the  f i g u r e ,  the  higher t h e  t o x i c i t y .  

The f i g u r e  given is  number of rnilligrams of 

Thus lower 

We next a t tacked t h e  problem i n  two ways. The number 
of  n i t rogen  atoms p e r  molecule of the t e r t i a y  amine 
pol lu tan t  was taken as a rough s t r u c t u r a l  measure and de- 
noted by n. F i r s t  a p l o t  was constructed of LD50 VS. n 

- 0 5,9 
'6,7 
- 0 1  

- 
4 )  4 

- 
22 I I A 3 I 

I 

F I G . 2  SCATTER DIAGRAM OF AN ATTEMPTED 
CORRELATION BETWEEN Y H 2 0  
A N D  L D S O  
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10.0 

5 .o 

0 
0 ' 1  2 3 4 5 

n 
FIG. 3 C O R R E L A T I O N  FOR L D 5 0  A N D  n 

( f igure  3) and a n e a r  l i n e a r  cor re la t ion  obtained. EJext a 
P l o t  

r e l a t i o n  analogous t o  equation 1 was obtained ( f igure  4)  

constructed of 4 Q V8. n and a good parabol ic  2 

There i s  evidence t o  show t h a t  i n  many ins tances  a para- 
b o l i c  r e l a t i o n  i s  much more re f ined  than a linear one. 
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F I G . 4  C O R R E L A T I O N  FOR P H z O  A N D  n 

For example the l i n e a r  ( I S )  and parabolic (14) r e l a t ions  
of the energy of the  highest intermolecular charge 
t ransfer  band ( hy,,) and ionisat ion poten t ia l  of t he  
donor (I ) though of course the theoret icd.  considerations 
may be-different.  A charac te r i s t ic  c o m n  t o  both i n  the 
l i n e a r  as well as the parabolic re la t ionship i s  that 
compounds having one nitrogen atom per  molecule have LD 
values closely spaced and &$ 
pective of the  often severe s t ruc tura l  modification of the 
molecule. The near- coincidence of 420 values f o r  n = 1 
(figure 4 )  a8 compared t o  the small sca t t e r  of LDs0 values 
again f o r - n  = 1 is surpris ing as the scale d i f f e r s  as 
1 t 12,500 and hence a small deviation LD should not be 
apparent and hence the be t t e r  coincidence of values 
as compared t o  LD50 values f o r  n = 1 vindicates  our 
that the parabolic r e l a t ions  are more refined than l i n e a r  
relationships.  A f i n a l  s ignif icant  support f o r  the para- 
bol ic  re la t ionship being b e t t e r  COWS f r o m  the  f a c t  tha t  
quinoline (compound 10, f igure  1) i s  the only compound of 

D 

50 
almost ident ica l ,  irres- 

50 

bel ie f  

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



216 QURESHI,  SULAIMAN, AND QURESHI 

t h e  series t h a t  have a fused r i n g  system and hence i t s  
t o x i c i t y  xiJill have a very s igni f icant  contr ibut ion from i t s  
polycycl ic  nature  and hence should deviate considerably from 
both r e l a t i o n s .  However, f i g u r e  4 as compared t o  f i g u r e  3 
revea ls  t h a t  t h e  deviat ion i s  much more pronounced i n  t h e  
parabol ic  r e l a t i o n  ( f igure  4 )  than the  l i n e a r  one ( f igure  3). 

instance t o  cor re la te  s t r u c t u r e  with a c t i v i t y  - a very 
important conclusion emerges, n i s  r e l a t e d  t o  LD50 va lues  
by a l i n e a r  re la t ionship  and t o  420 values  by perhaps a 
b e t t e r  parabol ic  r e l a t i o n s h i p  and f o r  n = 1 t h e  pHs 
values  are  e f f e c t i v e l y  constant.  Hence, it seems a common 
mode of mechanism i s  responsible f o r  t h e  chromatographic 
as  w e l l  a8 t h e  t o x i c  behaviour of these compounds and 
t h i s  common mode most c e r t a i n l y  appears t o  be hydrogen 
bonding between n i t rogen  lone-pair  and a proton of nuc le ic  
acid analogue of ma. Therefore, there  i s  cer ta in ly  a 
good r e l a t i o n  between s t r u c t u r e  and a c t i v i t y  though not as 
simple a one as attempted herein 

Hence though apparently we have f a i l e d  i n  t h e  first 

The authors  thank Professor  W. Rahman, C h a i i ~ m m ,  
Department of Chemistry f o r  f a c i l i t i e s  and COB under BRC 
pro jec t  and CSTB (INDIA) f o r  financial ass i s tance .  
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