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ABSTRACT 
N-ethyl-N-/2-methyl-2-propenyl/, N-butyl-N-ethyl and N,N- 
dipropyl derivatives of 2,6-dinitro-4-ltrifluoromethyl/ 1- 
aniline were separated on alumina TIC layers with n-hexane 
eluent applying one, two and three developments. The se- 
cond development enhanced considerably the resolution and 
also the detection limit. The third development had a 
negligible effect on the resolution, however the detection 
limit was further increased. Due to the lateral diffu- 
sion the half width of peaks decreased linearly with the 
number of developments. The data proved that the third 
development had no additional advantage the optimal se- 
paration was achieved by two developments. 

INTRODUCTION 

The herbicides Ethalfluralin = N-ethyl-N-/Z-methyl-2- 
propenyl/-2,6-dinitro-4-/trifluoramethyl/aniline Ill; 
Benfluralin = N-ethyl-N-butyl.-2,6-dinitro-4-/trifluo- 
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romethyllaniline 1 2 1  and Trifluralin = N,N-dipropyl- 
2,6-dinitro-4-ltrifluoromethyl/aniline 1 3 1  have been 
extensively applied in up-to-date agrochemical practice. 
Their residues have been determined by GLC with ECD 
/4,5,6,7/. It was established that Trifluralin and Ben- 
fluralin interfered with the determination of Ethalflu- 
ralin on 5% XE-60 GC column, however Ethalfluralin was 
sufficiently separated on a 120 cm 5% Carbovax 20M co- 
lumn from the other two herbicides. According to our 
knowledge the simultaneous separation of the three her- 
bicides has never been achieved by GLC with packed co- 
lumns 181 .  Appropriate separation was carried out only 
by means of capillary columns 1 9 1 .  
As the more and more strict regulations of environmental 
pollution and food quality require the exact determina- 
tion of pesticide residues the separation of these three 
herbicides is of great importance. 
In order to improve separation the technique of over- 
development has been successfully applied more than 
twenty years ago in thin-layer chromatography llo,lll, 
howevertthe advantages and disadvantages of this tech- 
nique have never been evaluated by adequate mathemati- 
cal-statistical methods. 
The objectives of our work were to separate these three 
herbicides by thin-layer chromatography and to evaluate 
the effect of overdevelopment on the resolution and on 
the detection limit. 

MATERIAL AND METHODS 

Herbicides Benfluralin, Ethalfluralin and Trifluralin 
were purchased from Eli Lilly and Co, USA and applied 
without further purification. DC-Plastikfolien A l u m i -  
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niumoxid 6 0  F254 neutral /Type El /Merck,FRG/ plates 
were activated at 140 OC for an hour before development. 
The n-hexana was of analytical gra2e.Herbicide.s were 
dissolved in n-hexane in the concentration ranTe 2,5- 
0,05 rnv per cm3; 1 mm3 of  solution was 13lotted on 
the plates.The plates were developed by n-hexane in 
sandwich chamber and then dried at room temperature. 
The second and third developments were carried out in 
identical manner.After each development the spots 
were evaluated by a Shimadzu Dual-Wavelength TLC Scanner 
CS-930 at 390 nm wavelength.The integration limit was 
set to 5.000 area unit.The separation efficiency of 
developments was characterized by the resolution Rs 
1 1 2 1 .  
In order to establish the effect of developments on the 
detection limit linear correlations were calculated 
between the quantity of herbicide on the spot and the 
spot area for each development: 

To determine the theoretical limit of detection the her- 
bicide quantity / pg / correspondinq to 5.000 area unit 
was calculated. To evaluate the influence of the number 
of developments on the half width of peak linear corre- 
lation was calculated betwen the half width o f  peak and 
the number of developments: 
peak half width = a + b.number of developments 

pq herbicide = a + D.spot area 

RGSULTS AND DISCUSSION 

A typical chromatogram is shown in Fiq.1. Oppositely to 
GLC the critical step is the separation of Ethalflura- 
lin and Benfluralin which is unadequate after the first 
development. The second development increased conside- 
rably the seo'aration but the third separation step did 
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A .  B. C .  

FIGURE 1. Effect of the number of developments on the 
separation of Ethalfluralin /1lI Benfluralin 1111 and 
Trifluralin 11111 after one / A / ,  two lBI and three I C l  
developments. 

not improved it significantly. The average values of 
resolution l R s l  support this observation 1 see Table 1.1. 
The parameters of linear correlations between the quan- 
tity of herbicide on the spot and the area measured by 
the TLC scanner are listed for Trifluralin in Table 2. 
Highly significant correla,tions were found betwen the 
TM: scanner area output and the quantity of Triflura- 
lin on the spot for the first two developments. In the- 
se cases the intercept la/ values which can be conside- 
red as systematic error are low. The correlation, how- 
ever significant, deteriorates at the third develop- 
ment and the intercept value Increases. These findings 
and the results of Table 1.. indicate that the third de- 
velopment has no beneficial effect on the separation. 
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TABLE 1. 
Dependence of Resolution /Rs/ of Ethalfluralin /I/ , Ben- 
fluralin /I11 and Trifluralin /III/ on the Number of De- 

ve lopmen ts 
Rs between 

No of de- 
ve lopmen t I - 11 I - I11 I - I11 

1 0,44 1,32 0'74 
2 0,66 1,86 1,34 
3 0,64 2 , 0 4  1,42 

TABLE 2 .  
Parameters of Linear Correlations Between the Trlflu- 
ralin Quantity on the Spot lug/ and the Area Unit of 

No of deve- a b.lo sb.lo significance 
lopmen t 

6 TLC Scanner 

-4 level % 
99,9 1 -6,35.10e2 2,60 0,40 

2 5,62.10-~ 2,73 1,99 99,9 
3 2,28.10 2,84 3,12 98 ,O 

The calculated detection limits were 0,13; 0,19 and 
0,37 pg for the first, second and third developments 
respectively. This results shows that the second develop- 
ment increases negligibly the detection limit but the 
third one markedly enhances it. We have to stress that 
these limits are related to 5.000 area unit of TLC 
scanner sensitivity. At lower area units the detection 
limit is between 0 , 0 3  - 0,05 pg herbicide per spot. 
No significant differences were observed between the 
results of Table 2. and the similar results concerning 
Ethalfluralin and Benfluralin therefore these data are 
not included. 
The effect of developments on the peak heiqth and width 
is visualized i n  Fiq.2. Due to the lateral diffusion 
the peak heigth decreases and the peak width increases 
with growing number of developments. The correlations 
between the peak half width and the number of develop- 
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C 

2.5 

2 .5 

FIGURE 2. E f f e c t  of t h e  ncunber of developments on t h e  
peak h e i g t h  and width of 1 ' r i f lu ra l in .Arabic  numbers 
i n d i c a t e  pg T r i f l u r a l i n  per spot .  A = after one develop- 
ment; B = a f t e r  two developments; C - af ter  t h r e e  deve- 
lopments. 

ments is s i g n i f i c a n t l y  l i n e a r :  
peak h a l f  width = 1,93  + /0,52 5 o,o4/.development number 

r = 0 , 9 5 8 3  '99,9'8 = 0.7603 

The f i n d i n g  i n d i c a t e s  t h a t  t h e  peak h a l f  width increa-  
ses i n  each development, however t h i s  d e t e r i o r a t i n g  
e f f e c t  is  counterbalanced :Ln t h e  second development by 
t h e  growing d i f f e r e n c e s  i n  r e t e n t i o n  r e s u l t i n g  i n  better 
separa t ion .  I n  t h e  t h i r d  development t h i s  d e t e r i o r a t i n g  
effect i n h i b i t s  the  f u r t h e r  improvement of separa t ion .  
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Summarizing our results we conclude that the separation 
of herbicides Ethalfluralin, Benfluralin and Triflura- 
lin can be carried out on alumina layers with n-hexane 
as eluent using two consecutive developments. Due to 
the growing peak width the third development does not 
improve the separation and increases the detection li- 
mit. 
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