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A RESIDUE TECHNIQUE FOR UREA HERBICIDES USING 

CATALYTIC HYDROLYSIS ON SILICA GEL PLATES 

A.H.M.T. Scholten, C. van Buuren, J.F. Lawrence*, 

U.A.Th. Brinkman and R.W. Frei** 

Free University, Department of Analytical Chemistry, 

De Boelelaan 1083, 1081 HV Amsterdam, The Netherlands 

ABSTRACT 

Urea herbicides are catalytically hydrolyzed to the cor- 
responding aniline. The reaction occurs in situ on silica gel 
TLC plates making use of the acidic silanol groups. The ani- 
lines are then further reacted in situ with dansyl chloride and 
the fluorescent derivatives separated on the same plate. The 
sensitivity and selectivity of this technique permit the analysis 
of urea herbicide residues in soil and water samples with good 
reproducibility and a minimum of sample clean-up. 

INTRODUCTION 

Recently, we have compared the merits of thin-layer and 

high-performance column liquid chromatography for the determi- 

nation of metoxuron [3-(3-chloro-4-methoxyphenyl)-1,l-dimethyl- 

urea] and its by-products in commercial formulations'. Although 

* On transfer of work July 1 1978 - March 1 1979 from the Food 
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Directorate, Health Protection Branch, Ottawa, Canada. 
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608 SCHOLTEN ET AL. 

in these cases detection and quantitation by means of UV-ab- 

sorption was satisfactory both from the selectivity and sen- 

sitivity point of view, this does not apply when residue analysis 

is considered. 

Frequently, residue analysis of phenyl ureas is carried out 

via a hydrolysis step to form the (substituted) aniline, followed 

by e.g, gas chromatography or quantitative thin-layer chromato- 

graphy , respectively. Unfortunately, for many of these ureas, the 

hydrolysis step is quite time-consuming and cumbersome; for e.g. 
6 metoxuron it will yo to completion only after refluxing for 4-6 h . 

Therefore, in this study we have investigated the use of a simpli- 

fied hydrolysis procedure - if possible coupled with in situ 
fluorescence labelling - on (HP)TLC plates, and its potential for 
residue analysis. 

2-4 

5 

EXPERIMENTAL 

Reagents. Linuron (N-methyl-N-methoxy-N'-(3,4-dichloro)-phenyl 

urea), diuron (N,N-dimethyl-N'-(3,4-dichloro)-phenyl urea), 

metoxurori (N,N-dimethy1-N'- (3-chloro-4-methoxy) -phenyl urea) and 

3-chloro-4-methoxy aniline (OCPA) were obtained as gifts from 

Sandoz (Basle, Switzerland). A sample of Maloran (N-methyl-N- 

-methoxy-N'-(3-chloro-4-bromo)-phenyl urea) waskindly provided 

by the customs laboratories (Amsterdam, the Netherlands). 3,4-Di- 

chloroaniline and dansyl chloride (5-dimethylamino-naphthalene- 

-1-sulfonyl chloride) were purchased from Fluka (Buchs, Switzer- 

land) and Merck, respectively. All other reagents were of normal 

analytical-grade quality. 
For the urea herbicides and anilines stock solutions of 

1 mg/ml were prepared in dichloromethane. 

Procedure and apparatus 

Soil sample. 25 g of soil were shaken for 2 h with 120 ml 

methanol in a 1-1 round-bottom flask. After standing over 
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UREA HERBICIDES 609 

n i g h t ,  tile so i l  was vacuum-fi l t ra ted.  T h i s  procedure w a s  

repea ted  using 60 i n s t e a d  of  120 m l  methanol. Next, t h e  

f i l t r a t e  was d i l u t e d  wi th  water  t o  500 m l  and e x t r a c t e d  3 

t i m e s  wi th  50 m l  diclilorornethane. The combined dichlorometharie 

f r a c t i o n s  were evaporated t o  dryness  and t h e  r e s i d u e  d i s s o l v e d  

i n  5 m l  d ichloromethane.  

Clean-up of t h e  sample s o l u t i o n s '  w a s  done on a 1-cm diameter  

column c o n t a i n i n g  5 of 2 %  d e a c t i v a t e d  60-100-mesh F l o r i s i l  

(Sigma, S t .  Louis ,  Mo., U . S . A . ) ,  and having a 1-cm l a y e r  of 

sodium su lpha te  a t  t h e  top .  A f t e r  r i n s i n g  t h e  column w i t h  

hexane, t h e  5-ml sample w a s  p laced  on t h e  column and e l u t e d  

wi th  30 m l  of  (1)  dichloromethane-hexane ( 3 0 : 7 0 ) ,  ( 2 )  acetone-  

-hexane (15:85) i n  which f r a c t i o n  l i n u r o n  e l u t e s ,  and ( 3 )  

acetone-hexane (50:50). This  t h i r d  f r a c t i o n  which c o n t a i n s  

d iuron  and metoxuron was evapora ted  t o  n e a r  dryness  i n  a 

Rotavapor (Buchi, F l a w i l ,  S w i t z e r l a n d ) ;  t h e  r e s i d u e  w a s  d i s -  

so lved  i n  2 m l  d ichloromcthane.  

Next, 8 s p o t s  ( 2  f o r  t h e  sample, 2 f o r  t h e  blank and 4 for  

t h e  s tandards)  of 10 1.11 each were a p p l i e d  wi th  a 10-~1 s y r i n g e  

(Hamilton, Bonaduz, Swi tzer land)  on a 10 x 10 cm2 s i l i ca  gel-60 

F 2 5 4  HPTLC (or TLC) p l a t e  (Merck), 10 mm from t h e  bottom, 

15 mm from t h e  edge and 10 mm from each o t h e r .  T h i s  p l a t e  w a s  

covered wi th  a g l a s s  p l a t e ,  hea ted  a t  160OC f o r  25 min and 

subsequent ly  cooled t o  room temperature .  A f t e r  t h i s  h y d r o l y s i s  

s t e p ,  a l l  s p o t s  - except  f o r  one blank - were o v e r s p o t t e d  wi th  

4 p 1  of 0.2% dansyl  c h l o r i d e  i n  ace tone  and t h e  p l a t e  covered 

immediately wi th  t h e  g l a s s  p l a t e  aga in .  Dansyla t ion ,  which was 

c a r r i e d  o u t  i n  t h e  dark ,  took 1 h. 

The s p o t s  were now preconcent ra ted  by developing t h e  p l a t e  

with acetone over  a d i s t a n c e  o f  about  1 cm. Next, t h e  plates 

were accommodated f o r  30 m i r i  i n  a 21.5 x 21 .5  x 6 cm r e c t a n g u l a r  

tank (Camag, Muttenz, S w i t z e r l a n d ) ,  which w a s  s a t u r a t e d  wi th  

benzene-triethylamine-acetone (75:24:1) .  Development w i t h  t h i s  

s o l v e n t  mixture  over  a d i s t a n c e  of about  9 c m  took ca .  15 min. 

A f t e r  dry ing  w i t h  a s t ream of  n i t r o g e n ,  t h e  s p o t s  were scanned 
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610 SCHOLTEN ET AL. 

(Aex = 350 nm, Xem = 518 nm, 10-nm slits) on a Spectrofluorometer 

MPF 43 A (Perkin Elmer, Norwalk, Conn., U.S.A.) with a TLC 

attachment and Kipp DB-8 recorder (Kipp, Delft, the Netherlands). 

RESULTS AND DISCUSSION 

3 Hydrolysis. According to Voss , hydrolysis of metoxuron and 

other phenyl urea herbicides has to be carried out in 10 M NaOH, 

about 3 h being required in order to achieve a quantitative 

reaction. W e  have shown that under more gentle conditions ( 1  M 

NaOH) as described in ref.5, quantitative hydrolysis of metoxuron 

does not occur, although a YO-min reaction time at 80°C suffices 

for the complete hydrolysis of linuron and maloran (chlorbromuron). 

For metoxuron, Wisson et al.' have recommended acid hydrolysis 

( 1  N H . P O  ) for up to 6 h under gentle reflux conditions. In the 

present study, using normal reflux conditions, a 98 + 1% S.D.  

conversion of metoxuron into OCPA was obtained in only 3 . 5  h. 

.____ 

3 4  

In order to simplify these techniques and to avoid working 

with complex glassware and large volumes of aggressive chemicals, 

it was proposed to carry out the hydrolysis of the phenyl urea her- 

bicides at elevated temperature in the adsorbed state on polar ad- 

sorbents such as silica gel. At 90°C, a 15-20% conversion is ob- 

served for linuron and maloran in 1 h, while with metoxuron and 

diuron values of less than 5% are found under the same conditions. 

Raising the temperature to 110 C ensures an almost complete hydro- 

lysis of linuron and maloran within 40 min; however, after this 

period of time, about 50% of metoxuron still remains on the plate. 

At 13OoC, quantitative hydrolysis of metoxuron takes some 2 h, after 

which time diuron has been converted for about 50%. A further in- 

crease of temperature to 160°C is required in order to fully hydro- 

lyze diuron and to ensure the rapid hydrolysis (30-45 min) of all 

four herbicides (see Fig.1). Since the anilines formed decompose at 

such a high temperature, a 25-rnin heating time was chosen as opti- 

mal with regard to aniline formation versus aniline decomposition. 
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612 SCHOLTEN ET AL. 

Under t h e s e  c o n d i t i o n s ,  y i e l d s  of 101 f 2 %  of  OCPA, and 86 I 6% 

and 79 t_ 2 %  of 3 , 4 - d i c h l o r o a n i l i n e  were recorded for  metoxuron, 

diuron and l i n u r o n ,  r e s p e c t i v e l y .  Here, it should  be s t r e s s e d  t h a t  

cover ing  t h e  s i l i ca  g e l  p l a t e  w i t h  an empty g l a s s  p l a t e  d u r i n g  t h e  

h e a t  t rea tment  i s  necessary  i n  o r d e r  t o  o b t a i n  reproducib le  re -  

s u l t s .  Resul t s  of h y d r o l y s i s  on TLC and HPTLC p l a t e s  a r e  compared 

i n  Table I .  The d a t a  show good mutual agreement; s t i l l ,  one should 

p r e f e r  t h e  IIPTLC technique on account  of i t s  h igher  p r e c i s i o n .  

P o s s i b l y ,  t h e  a c c e l e r a t e d  rate of h y d r o l y s i s  of  t h e  her -  

b i c i d e s  i s  due t o  t h e  c a t a l y t i c  a c t i o n  of t h e  s l i g h t l y  a c i d i c  

s i l a n o l  groups p r e s e n t  on t h e  s i l i c a  g e l  s u r f a c e .  A proposed 

r e a c t i o n  scheme is shown i n  F i g . 2  (cf. r e f s . 8 ,  9 and 1 0 ) .  I t  

seems important  t o  n o t e  t h a t  r a p i d  h y d r o l y s i s  o n l y  t a k e s  p l a c e  

i f  h e a t i n g  occurs  a t  o r  above t h e  mel t ing-poin t  temperature  of 

the v a r i o u s  compounds ( l i n u r o n ,  Y3-94OC; maloran, 94-96OC; 

TABLE I 

Comparison between t h e  a n a l y s i s  of metoxuron wi th  TLC and HPTLC* 

4 d i f f e r e n t  p l a t e s  

4 s p o t s  on 1 p l a t e  

TLC 

i n  w 
y i e l d  OCPA** % S . D .  

5 .6  

5.2 f 1 . 6  

5.3 

5.6 

5.6 

5.5 

5.4 

5.8 

f 1.4  

HPTLC 

y i e l d  OCPA** 8 S.D. 
i n  P 9  

5.6 

5 .7  * O . ?  

5.5 

5.6 

5.6 

5.5 

5.5 

5.5 

i- 0.6 

* Hydrolysis  a t  16OoC f o r  20 min. 
**Determined a f t e r  t h e  h y d r o l y s i s  of 8 .6  p g  metoxuron/lO p l  spot .  
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SCHOLTEN ET AL. 614 

metoxuron, 128-129OC; d i u r o n ,  

t h a t  l i n u r o n  and maloran a r e  e a s i l y  hydrolysed i n  b a t c h  under 

such r e l a t i v e l y  mild c o n d i t i o n s  as used by F r e i  e t  a ~ ~ ,  where- 

a s  nietoxuron and d iuron  a r e  n o t .  In  o t h e r  words, t h e  presence  

of an N-alkoxy group appears  t o  f a c i l i t a t e  t h e  h y d r o l y s i s  of 

phenyl urea  h e r b i c i d e s .  

15B-159OC) . L a s t l y ,  w e  emphasize 

Dansylat ion and TLC. The d a n s y l a t i o n  of  t h e  a n i l i n e s  r e s u l t i n g  

from t h e  hydro lys is  s t e p  has  been d e s c r i b e d  ear l ie r  . According 

to  t h i s  paper ,  it is p o s s i b l e  t o  c a r r y  o u t  t h i s  r e a c t i o n  b y  

o v e r s p o t t i n g  t h e  a n i l i n e  s p o t s  w i t h  an ace tone  s o l u t i o n  con- 

t a i n i n g  an a t  l e a s t  25-fold excess  of dansyl  c h l o r i d e  - t h e  

l a r g e  excess  of reagent  being necessary  because of  i t s  r e l a t i -  

v e l y  r a p i d  hydro lys is .  Dansylat ion proceeds q u a n t i t a t i v e l y  i n  

about 1 h i n  t h e  dark .  

5 

I n  t h e  p r e s e n t  s tudy ,  t h e  above method w a s  adapted ;  s i n c e  

no f u r t h e r  sample handl ing  w a s  r e q u i r e d ,  as t h e  n e x t  s t e p  HPTLC 

was c a r r i e d  o u t  u s i n g  benzene-triethylamine-acetone (75:24:1) 

as mobile phase. The F$ v a l u e s  of t h e  dansyla ted  3 ,4-d ich loro-  

a n i l i n e ,  OCPA and a n i l i n e  were 0.01 (0 .04) ,  0.11 (0.16)  arid 

0.29 (0 .48 ) ,  r e s p e c t i v e l y ;  t h e  v a l u e s  i n  b r a c k e t s  r e f e r  t o  

HPTLC w i t h  non-equi l ibra ted  p l a t e s .  It  should  be noted t h a t  

t h e  hydrolysed dansyl  c h l o r i d e ,  which d i s p l a y s  an i n t e n s e  blue 

f luorescence ,  s t a y s  a t  t h e  p o i n t  of o r i g i n  i n  t h e  s e l e c t e d  

s o l v e n t  system and hence does n o t  i n t e r f e r e  i n  t h e  a n a l y s i s .  

For metoxuron, c a l i b r a t i o n  curves  - as recorded by means 

of f luorodens i tomet ry  - were l i n e a r  (R = 0.9993) i n  t h e  range of  

6-520 ng p e r  spot .  The s t a b i l i t y  of t h e  dansyla ted  d e r i v a t i v e s  

of metoxuron as  w e l l  as t h e  o t h e r  h e r b i c i d e s  w a s  s a t i s f a c t o r y  for  

a n a l y t i c a l  purpose,  a 20% reduct ion  i n  s e n s i t i v i t y  o c c u r r i n g  i n  

24  h. The d e t e c t i o n  l i m i t  w a s  c a l c u l a t e d  t o  be about  5 ng, which 

a g r e e s  with e a r l i e r  r e s u l t s  . Spraying t h e  t h i n - l a y e r  p l a t e  wi th  

e . g .  a 20% s o l u t i o n  of t r i e t h a n o l a m i n e  i n  i sopropanol  r e s u l t e d  

i n  s i g n i f i c a n t l y  h igher  s i g n a l s .  Unfor tuna te ly ,  however, t h e  d a t a  

so obta ined  were r a t h e r  i r r e p r o d u c i b l e ;  as  a consequence, spraying  

was omi t ted .  

5 
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FIGURE I11 

Fluorescence densitometric scan of a soil sample, spiked with 
1 ppm metoxuron 1; 2 is hydrolysed dansyl chloride and 3 the 
excess dansyl chloride. 
Conditions: see Experimental. 

Residue analysis. The applicability of the present technique to 

residue analysis was demonstrated using water and soil samples. 

With the latter sample (cf. Fig.3), due to its nature (very rich 
organic s o i l ) ,  an additional clean-up procedure was required, as 

reported in the experimental section. The recovery for 4 samples 

each spiked with 1 ppm metoxuron was 65.0 2 2.5%. The analysis of 

water samples spiked with 20 ppb metoxuron did not present any 

difficulties. 
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CONCLUSION 

SCHOLTEN ET AL. 

Compared with older techniques, catalytic hydrolysis of 

pheny l  urea herbicides on silica gel thin-layer plates offers 

several advantages such as significant time-saving, simplicity 

of handling, avoidance of the use of aggressive chemicals and 

excellent reproducibility. The short reaction time prevents 

losses due to decomposition of the anilines to become excessive. 

The present approach no doubt has potential for the analysis 

of related classes of compounds, such as the N-phenylcarbamates. 

Besides, since it keeps all operations at a convenient and 

economic micro-scale, it will also come i n  useful when coupling 

i n  situ hydrolysis with types of reactions other than dansylation 

Lastly, the selectivity of the fluorescence labelling coupled 

with the subsequent chromatographic step permits considerable 

simplification of the sample pre-clean-up and renders the 

technique suitable for trace determinations in complex matrices. 
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