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AN INTERNAL STANDARD HPLC METHOD FOR THE 
A N A I J Y S T S  OF A~!TN~'I~O:I-METHYL U S I N G  A BONDED AMINE 

2 T A T I O N A A Y  PHASE 

E. J .  K i k t , ? ,  .Jr.* and R. M. Herbst 

FMC Corporation 
Agricultural Chemical Group 

100 Niagara Street 
Middlrport , N.Y. 14105 

ABSTRACT'  

Azinphos-Methyl trchnicnl and formulations have been 

successfully analyzed using high performance liquid chromatoy;- 

raphy. Rapid reproducible rrsults have been realized by 

utilizing a bonded amine statiocary phase. Flow programming 

can be employed to furthcr increase the speed of analysis 

without significantly affecting data precision and accuracy. 

INTRODUCTION 

Organic Phosphates, as a class, form one of the most widely 

used"groups of pesticides in the world today. In light of this 
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590 KIKTA AND IIERBST 

! 'nst ,  t h e i r  r a p i d  and accura te  a n u l y s l s  1s of' pralme !uil)oi'tanci~. 

.'I.< i r:iitiri:+Mi-t,liyl 

y l ) m c t ~ y l p b o ~ p h n r o d l  thlontc/Cuthlon , f l  rst d e s c r I h e d  for uae on 

I V I - . ~ . : ' ~  Ly Tvy' c t  n.l. I n  'l!J>>, I s  one ol' t h e  mo8L wldely used or~arilc 

prxsphates. T t i l s  compound i>riEInat.itd I n  CoT.many w i t h  Bnyer AG2 In 

13>!). 

\ 17 , O - d  j nicthyl %(4-nxo-l ,2, 3-bcnzotrlnzln-3( 1ltI)- 

1 

'king  n mthci -  p c r s l o t c n t  mntcr la l ,  t h e  arialyslv oi' azlnphos- 

Hccently re- net.! iyI  tian uc:t:upir:d H great deal  o f  varied cf'fort3. 

p o r t e d  methodoloRy has concenlraled ori the iiuc of e i t h e r  gas chroma- 

tt'iri-aphy (11-8) o r  t h i n  layer chromatography (9-15). l'tie U. 9. Ynvi- 

r.r:rm*!il.al Pr*ritcctloti A&cncy hns pirhl I shod an lnt ' rarcd mcthod . 
:;'xalvrlLal*'l has published n study of t h e  r e t e n t i o n  ttetiavlor or orKarilc 

phcsphnter; uslrit; riormal phase 1Irr.c. 

16 

This ~ i a p ~ r ~  r S c ~ i i w t s  an i n t r r n n l  atnndnrd IIPT,C mcthod f o r  t h o  

imalysls 01' auJ.riphos-methyl u t  I1 I K I ri(: a Irtmilnil enilric :rl,atloriarly pha::;~.:. 

T h i s  mcthod has been round o u l t a b l e  i'or Lhe a~ialysltr or Lectinlcal aiid 

I'1.l r ' t : i i i  1 n t. cd n xi nphnn-mn t. hy 1 nn.mp l e a  . 

EXPERIMENTAL 

Trlc I rir:tr*irntcnt cmploycd In  this. s tudy connlstcxi at' componcnta 

obtained from Waters Atrsoclrrtee (Milford, Mass. ). The pumping systnni 

canrilstcd of' n 6 O O O A  pump c o n t r o l l e d  by a model 660 so lvent  programmer. 

Tr!jcct.Icinn wnrc medc VIR R modcl U 6 K  sample I n j e c t i o n  va lve  onto n 

homemade 30 cm L X ?.l mm I.D. 10 um borided antlnc column. All work 

wac performed a t  ambient temperaLures. 

monltorlnK at  280 m was employed for delecLion a L  0.05 AUFS. The mobile 

phase cons is ted  of  30% e thylene  d l c h l o r l d e ,  69.78% heptane, 0.116 nettlano! 

and 0.11% a c e t o n l t r l l e .  A l l  aolvents ,  obtained from Burdlck and Jackson 

(Muokep.on, Mich.), were f i l t e r e d  and degassed before use.  Data were 

c o l l e c t e d  on a n  Omnlscrlbe dual-pen recorder  (10 mv full scale, c h a r t  

npeed 0.5 ln/min) .  

A model 440 absorhance d e t e c t o r  

I n  order t o  speed up t h e  analysls, a step-f low 
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ANALYSIS OF AZINPHOS-METHYL 591 

program (Curve 11) goin:: from 1 rnl/min to 2 ml/min was employed 2 minu tes  

i n t o  t h e  run.  P r e s s u r e s  were 1 ,100 p s i  a t  1 ml/min and 2,400 p s i  

a t  2 ml/rnin. 

The bonded amine s t a t i o n a r : i  phase  was p r e p a r e d  by r e a c t i n p .  3 .7  g 

of  p r e t r e a t e d  P a r t i s i l  10 (Whatman, Tnc . )  w i t h  10  g of 8-aminoprop:Jl-  

t r i r e t h o x p s i l a n e  (Si l a r  T,aboratori  e s ,  In?. , Sco t i  a ,  N . Y .  ) i n  50 ml of 

benzene at, ambient  temporat,ure f o r  3 hours  w i t h  cons t an t .  shakinp,.  Pre- 

t r e a t m e n t  o f  t h e  s i l i c a  c o n s i s t e d  o f  a 2 h o u r  washing i n  a 75"' H2?,OQ/25?' 

HNC+ s o l u t i o n .  

d e i o n i z e d  wat,er a n 4  3x50 m l  o f  methanol ,  ch lo ro fo rm and dry benzene  e a c h .  

F i n a l l y  I-he s i l i c a  was d r i e d  f t i r  24 hour s  at .  120°C i n  a v a c u m  ,3ven 

( p F J O . 5 - 1  mm€Ig). Tlie packirif: was washed 3 times each  w i t h  50 trl of 

benzene ,  ch lo ro fo rm and methanol  and s u b s e q u e n t l y  a i r  d r i e d .  ,A s u h -  

sample of t h e  pack ing  was d r i e d  a1 140°C f o r  3 hour s  unde r  vacuum and 

submi t t e d  f o r  ca rbon  and '11 I roi:en a n a l y s i s  y i e l d i n g  5.0376 ca rbon  and 

1.96% n i t r o g e n .  Packin{: o f  Lhe column was ach ieved  w i t h  a syst,em 

d e s c r i b e d  e l sewhere I8  froni a 505 e t h y l e n e  glycol/50$ met.hanol s l n r r j r .  

'The s i l i c a  was then  washed w i t h  3x100 m l  o f  d i s t , i l l e d  

Azinphos-met,hyl s t a n d a r d  (<>';$) was o b t a i n e d  from Chem S e r v i c e  

(West C h e s t e r ,  P a . ) .  Car1)ofuran 39.5% was employed as t h e  i n t e r n a l  

s t a n d a r d .  S t anda rd  weliKht.s were o b t a i n e d  t o  t h e  n e a r e s t  microgram 

on a Met t . l e r  Model M 5  mic roba lance .  'The s t a n d a r d  s o l u t i o n  cons i  s t ~ d  

of 1.702 mg of az inphos-methyl  and 2.718 mcg of c a r b o f u r a n  i n  10 rrl 

of mob i l e  phase  + 2 drops  o f  methanol  v i a  a P a s t e u r - P i p e t t e  Lo 

f a c i l i t a t e  t o t a l  d i s s o l i i t i o n .  When a n a l y z i n g  formul-ated :;amples t h e  

sample  we igh t  is a d l u s t e d  upward so  tha t .  t h e  az inphos -me thy l  conten t ,  

rough ly  approx ima tes  th3t  in t h e  s t a n d a r d  s o l u t i o n .  A f t e r ,  ! I ' . 

t h e  pr011er weight  of  fclt 'muL3t-+d az inphos-methyl  sample,  w e i g k i  i n  

ca rho l ' u r . an  s o  t h e  corit i s  s i rn i ia r .  t o  t h e  s t a n d a r d  s o l u t i o r i  3rld 

d i 1 u t . e  i n  a l i k e  mannrc'. 'ThiP stand:ir,d i n j e c t i o n  vo lume  employed i n  

t h i s  s t u d y  was 6 pl v i a  ;I :lrr 1 0  ul s y r i n g e  i n t o  t h e  I J ~ K  v a l v e .  
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592 KIRTA AND HERBST 

. RESULTS AN0 DlSCUSSiON 

F i g u r e  1 i l l u s t r a t e s  t.tie 17 m i r i i i t r .  chr'oinatographic scan  of the 

l i l t i on  spec i i ' i ed  i r i  t h e  p r e v i o u s  s p r t i o r i .  Tlie analytical 

corirlit.ioriu roi, all work discussed a r e  i d e n t i c a l  t o  t i i o s r  s p c c i  f i r d  

i r i  t ile ex~per~i rn t . r i t a1 .  At .  8 r n i r i u t r s ,  the f'l cow was s t e p  programmed tu 

i?il/rr,in f'i-orn 1 m l / m i n .  A t  this point. I.he : ~ ~ i i i ~ i } i i ~ : ~ - i i i ~ ~ ~ l l . ~ l  p e a k  has 

l y  r1iit.erl and enough t ime  remairis irel 'orr t t i r  e l u i . i i i r i  o f  t,liic 

carbofiut,ari p ~ a k  t . ( J  e s t a b l i s h  f ' l C J w  e q u i l i b r i u m .  By u s i r i [ , ;  t t ic r l u w  

program we were a b l e  L O  i i r c r , r a s r  t . l i t .  a n a l .  j t imc  25% wi thou t  compr'o- 

t1ii:citig pi- .c t : is ion o r  a c c u r a c y .  I i s s e n t i a l i y  n1.i I w i f i i : an t .  b a s e  l i n e  

d r v i a i ,  i f i r i  was obr:icr.vcd d u c  to t h e  f ' l o w  program. This i s  most 1 i k v l y  

nue t o  t h e  f ' l ow- th ruu[~ ; i i  c r l l  d e s i g n  o f  t h e  Waters 440 d e t e c t o r .  

O l d c r  d e t e c t o r s  which d o  riot u l i l i z r  a t a p ? '  i ? r l l  mag n o t  

r x h i  h i  t, t . l i i  :i cxc:cl lent  b a s e  l i n e  s t a b i l i t y .  I r i  a n y  r v r n t ,  i f t.hc 

f l o w  pro6:ram is n o t  p r a c t i c a l  f o r  the iiser, one  can a lways  o p e r a t e  a t  

a c o n s t a n t  ?low r a t e  and a l l o w  for l o n g e r  e l u t i o n  t i m e s .  

The mobi le  phase  c o m p s s i t i o n  i s  somewnat c r i t i c a l  from t h e  s t a n d -  

p o i n t  of elut , i ion of t h e  i n t e r n a l  st ,andard peak .  The c r i t i c a l  p o i n t  i s  

i n  t h e  c o n t e n t  o f  t h e  p o l a r  m o d i f i e r s ,  methanol  and a c e t o n i t . r i l e .  To 

m a i n t a i n  a r e a s o n a b l e  r e t e n t i o n  t ime  and t o  p r e v e n t  c o e l u t i o n  of l o w  

l e v e l  impuri t,i es i n  c a r b o f u r a n  t h e  0.11% s p e c i f i e d  m o d i f i e r  l e v e l s  

should  d e v i a t e  no more t h a n  *lo$. Thi.s r equ i r emen t  can  be  r e l a x e d  i f '  

t h e  e r r o r  i r i t  roduced by  c o e l u t i n n  of t y p i c a l l y  O.l$-O.4$ i m p u r i t i e s  is 

un impor t an t .  

F i g u r e s  2 ar id  3 i l l u s t r a t e  chromatographic  s c a n s  for a t e c h n i c a l  

a n d  a 2 RC (emuis i  T i a b l e  c o n c e n t r a t e )  f o r m u l a t i o n  of az inphos -me thy l .  

Seve ra l  a d d i t i o n a l  peaks  now appea r  i n  each  chromatogram. Over t h e  

p e r i o d  Jf a y e a r  many EC's have been run  w i t h o u t  s i g n i f i c a n t  d e g r a d a t i o n  

i n  column pe r fo rmance .  If i r r e v e r s i b l e  on column a d s o r b t i o n  o f  e m u l s i f i  

components,  c o n t a i n e d  i n  t h e  E C ,  a r e  s u s p e c t e d  t h e  u s e  o f  a precolurnn 

may b e  war ran ted .  Wave l e n g h t  r a t i o  s t u d i e s  ( 2 5 4  nm/280 nm) and 
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FlGUgE 1 

Az i n p n o s  -Ire t n  yi S r;a nilara So LuLion 
1) A z i n p n o s - h e t h y 1  
2 )  C a r o o t u r a n  
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594 KIKTA AND HERBST 

I 

I I I J 
12 8 4 0 

M l N U  J E S  
FIGURE 2 

Azinphos-Me t h y 1  Technica 1 
1) Azinphos-Methyl (68.5%) 
2 )  Carbofuran 

f o r m u l a t i o n  b l a n k  s t u d l e s  showed t h a t  t h e r e  was n e i t h e r  s i t .n i  f i  c a n t  

i n t e r f e r e n c e  unde r  t ,he az inphos-methyl  peak  d u e  e i t h e r  t o  i m p u r i t i e s  i n  

t ,he  t e c h n i c a l  o r  f o r m u l a t ~ i o n  components.  We d i d  n o t  i n c l u d i  a b l ank  

chromatogram i n  t h i s  r e p o r t  s i n c e  i t  would i l l u s t r a t e  n o t h i n g .  Azinphos- 

methyl  gave a wave l e n g t h  r a t i o  (254 nm/230 nm) o f  0 .82 w h i l e  c a r h o f u r a n  

gave a r a t i o  of 0.13. A s  f a r  as az inphos-methyl  i s  concerned  It mat ters  

l i t t l e  whether  254 nm o r  280 nm i s  u s e d  s i n c e  t h e  peak h e i g h t  r a t i o s  v a r y  

by o n l y  18%. We chose 280 nm i n  o r d e r  t o  o b t a i n  s u f f i c i e n t ,  r e sponse  

f o r  the c a r b o f u r a n  i n t e r n a l  s t a n d a r d  peek w h i l e  mai .n ta in ing  t h e  
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I 

12 8 4 0 
M I N U T E S  

FIGURE 3 

Azinphos-Methyl  2 EC 
1) Azinphos-Methyl 

2 3 . 6 %  
2 )  C a r b o f u r a n  
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596 KIKTA AND HERBST 

w e i K f i L  of c n r h o f u r a n  i n  t h e  sample rL-rughly simi.lar to Lhat. of 

az i npliir s -1iie i.h yl . 

ln orfder Lo c1uaritit.at.r t h c :  d a t a  wc f i r s t  c a l c u l a t e  R s y s t e m  

r rsponsr -  f a c t o r  (11') i 'rom d a t a  obCairred for t,t!t> :<t,aiitlai,tl. 

T t  should be rioted that i f  an ir i tegr.atorr or dai:;l r,y:;tcni is 

availahli-,, p c a k  h c i g h t s  can  be substituLed for' a r r a s  w i i y t i  

e x c e l l e n t  r e s u l t s .  

The bonded aniirie co lumri  uuf,d i t !  t i i i  n s ~ u a y  was p r e p a r e d  

j r i -hc~i ise .  From p a s t  e x p e r i e n c e ,  wt? c o n s i d r r  t . t i i a  co lumn f a i r l y  

t , y p t c a l  o f  rriariy such coliimns commercially available. We C P t . 1  tkiat, 

a lmost  ariy ( p o d  borided amine column capable of e,erierat,iri# at l e a s t  

3000 plater, p c r  meter i s  suitable f a r  this analysis. 
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.- ~ . ~ ~ ) N C I , U : ~ l U N  LND SIJMMARY 

? i : i ~ l u r n r l  we wrre a b l e  t o  a n a l y z e  b o t h  

a:. iri[:!ios-methyl s a m p l e s  w i t h  good r'ei>r>o- 

d u c i b i l i t y .  S i n c e  wavelta:iyJ,h ratio s t u d i e s  showed n o  s i g n ?  f i c a r i t  

i n t e r f e r e n c e ,  f'or b o t h  t ' o r i n u l a t ~ . d  a n d  t e c h n i c a l  s a m p l e s ,  a n d  r e s u l t s  

o b t a i n e d  f o r  a 2 EC Irip;iir'r 3) are  r e a s o n a b l e ,  2 EC's u s u a l l y  a s s a y  

TO-?5%, w e  h a v e  c o n f i d t r i c e  i r i  t h e  a c c u r a c y  o f  t h e  m e t h o d .  S t a n d a r d  

d e v i a t i o n s  of  1 w e r e  t y p i c a l .  T f '  f u r t h e r  p r e c i s i o n  i s  r e q u i r e d ,  a 

t e m p e r a t u r e  c o n t r o l  system" w o u l d  u n d o u b t e d l y  h e l p .  

s L e p - f l o w  przogram c a n  lie u s e d  t o  s p e e d  up t h e  a n a l y s i s  w i t h o u t  

s i g n i f i c a n t l y  c o m p r o m i s i n g  da t a  q u a l i t y .  
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