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JOURNAL OF L I Q U I D  CHROMATOGRAPHY, 2(6) , 763-774 (1979) 

IMPROVED METHOD FOR DETERMINATION OF TRACES OF ISOCYANATES 
I N  WORKING ATMOSPHERES BY 

H I G H  PERFORMANCE LIQUID CHROMATOGRAPHY 

C .  Sang6 
Technica l  A n a l y t i c a l  Chemistry, Chemical Center 

P.O.S. 740,  5-220 07 Lund 7 ,  Sweden 

ABSTRACT 

lsocyanates common i n  i n d u s t r i a l  environments were conver ted 
t o  u rea  d e r i v a t i v e s  by r e a c t i o n  w i t h  N-4-nitrobenzyl-N-n-propyl- 
amine. The u rea  d e r i v a t i v e s  were analyzed by h i g h  performance l i -  
q u i d  chromatography on a bonded o c t a d e c y l s i l y l  phase u s i n g  i s o c r a -  
t i c  e l u t i o n  w i t h  a c e t o n i t r i l e - w a t e r  75:25 v / v .  The water  phase con- 
t a i n e d  1 %  t r i e t h y l a r n i n e  and was ad jus ted  t o  pH 3 .0  w i t h  phosphor ic  
a c i d .  The method was a p p l i e d  t o  to luene  2,4- and 2,6-d i isocyanate 
(2,4- and 2,6-TDI) , hexamethylene d i  isocyanate ( H D I ) ,  4 ,4 ' -d iphe -  
nylmethane d i i s o c y a n a t e  (MOI) and Desmodur N 75  (DN 75 ) .  Compari- 
son w i t h  p rev ious  l i q u i d  chromatographic methods shows t h a t  the 
e l u t i o n  t ime i s  about ha lved and the  d e t e c t i o n  l i m i t s  about f i v e  
t imes lower i n  o u r  case. 

I NTRODUCT I ON 

lsocyanates a r e  w i d e l y  used i n  the  manufacture o f  po l yu re thane  

foams, coa t ings  and e lastomers.  

i n  many i n d u s t r i a l  environments 

hazards i nvo l ved  i n  t h e i r  hand1 

a b l e  t o  assess t h e i r  concen t ra t  

Acco rd ing l y  these substances occu r  

and because o f  t h e  p o t e n t i a l  h e a l t h  

ng i t  i s  o f  v i t a l  i n t e r e s t  t o  be 

on i n  work ing  atmospheres. For t h i s  

purpose v a r i o u s  methods have been developed. 

The common methods f o r  t he  d e t e r m i n a t i o n  o f  isocyanates i n  t h e  

environment have f o r  a long t ime  been t h e  c o l o r i m e t r i c  method o f  

Marcal i ( l ) ,  o r i g i n a l l y  developed f o r  t o luene  2 ,4 -d i i socyana te .  

and i t s  l a t e r  m o d i f i c a t i o n s  (2 ,3 ) .  These methods i n v o l v e  h y d r o l y -  
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764 SANG0 

s i s  o f  the isocyanate t o  t h e  corresponding a romat i c  amine, which i s  

d i a z o t i s e d  and coupled t o  form a co lou red  azo compound. Another co- 

l o r i m e t r i c  method i s  t h a t  o f  P i I z  and Johann (4), i n  wh ich  t h e  amine 

formed on h y d r o l y s i s  i s  reac ted  w i t h  l-fluoro-2,4-dinitrobenzene. 

T h i s  method has been a p p l i e d  t o  t h e  d e t e r m i n a t i o n  o f  hexamethylene 

d i i s o c y a n a t e  i n  a i r .  

The c o l o r i m e t r i c  methods o b v i o d s l y  have t h e i r  l i m i t a t i o n s :  

- l o w  s e n s i t i v i t y ;  t he  d e t e c t i o n  l i m i t  f o r  t o luene  d i i s o c y a n a t e  i s  

e . g .  0.03 mg/m3 based on a 20 1 a i r  sample; 

- i n t e r f e r e n c e  f rom p r imary  a romat i c  amines, and i n  t h e  method o f  

P i I z  and Johann a l s o  f rom p r imary  and secondary a l i p h a t i c  and a r o -  

m a t i c  amines; 

- t h e  d i a z o t a t i o n  methods can o n l y  be a p p l i e d  t o  a romat i c  isocya-  

nates;  

- t h e  methods a r e  s e n s i t i v e  t o  minor  changes i n  exper imenta l  cond i -  

t i o n s ;  

- i f  

t a  

and 

Vera 

severa l  isocyanates a r e  i n  a m i x t u r e ,  o n l y  t h e i r  sum i s  ob- 

ned, and the  r e s u l t  i s  s e m i q u a n t i t a t i v e .  

Wi th  the advent o f  t h e  gas chromatographic method o f  Wheals 

homson (5), i t  became p o s s i b l e  t o  i n d i v i d u a l l y  determine se- 

isocyanates i n  a m i x t u r e  q u a n t i t a t i v e l y .  However, t h e  method 

was o n l y  u t i l i z e d  f o r  t he  d e t e r m i n a t i o n  of t o l u e n e  2 ,4 -d i i socyana te  

and has so f a r  n o t  been t e s t e d  on a broader sca le .  

T h i n  l a y e r  chromatography ( 6 )  a l s o  a l l o w  t h e  d e t e r m i n a t i o n  o f  

i n d i v i d u a l  isocyanates i n  a m ix tu re .  The method i s  a p p l i c a b l e  t o  

b o t h  aromat ic  and a l i p h a t i c  isocyanates i n  a i r ,  b u t  has seve ra l  

disadvantages: 

- l o w  s e n s i t i v i t y ;  t h e  d e t e c t i o n  l i m i t  for to luene  d i i s o c y a n a t e  i s  

0.04 mg/m3 based on a 20  1 a i r  sample; 

- the  r e s u l t s  a r e  a t  best  s e m i q u a n t i t a t i v e ;  

- t h e  separa t i on  i s  a r a t h e r  ted ious  procedure.  

A l i q u i d  chromatographic method which e l i m i n a t e s  these l i m i t a -  

t i o n s  was r e c e n t l y  desc r ibed  by Dunlap e t  aZ. ( 7 ) .  N -4 -N i t robenzy l -  

N-n-propylamine was used t o  conver t  t h e  isocyanates t o  s t a b l e  urea 

d e r i v a t i v e s ,  which were separated on a p e l l i c u l a r  s i l i c a  column 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
9
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ISOCYANATES I N  WORKING ATMOSPHERES 765 

u s i n g  g r a d i e n t  e l u t i o n .  The method i s  a p p l i c a b l e  t o  b o t h  a romat i c  

and a l i p h a t i c  isocyanates a t  l e v e l s  of i n t e r e s t  i n  env i ronmen ta l  

i n d u s t r i a l  a n a l y s i s .  The d e t e c t i o n  l i m i t  f o r  t o luene  d i i s o c y a n a t e  

i s  0.005 mg/m3, based on a 20 1 a i r  sample. 

Hast ings Vogt e t  aZ. (8,g) subsequent ly  demonstrated t h e  se- 

p a r a t i o n  and q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t h e  same u rea  d e r i v a -  

t i v e s  on d i f f e r e n t  m i c r o p a r t i c u l a t e  s i l i c a  pack ings.  They p o i n t e d  

o u t  t h a t  t h e  excess i ve  amount o f  reagent  p resen t  i n  the  s o l u t i o n  

of urea d e r i v a t i v e s  poses a problem. The reagent has a tendency t o  

adhere to  the  s i l i c a ,  caus ing the  urea d e r i v a t i v e s  t o  e l u t e  w i t h  a 

s l o p i n g  background. T h i s  reduces the  p r e c i s i o n ,  e s p e c i a l l y  f o r  l a t e  

peaks, and i s  a l s o  a s e r i o u s  t h r e a t  t o  column l i f e .  I t  a l s o  f o l l o w s  

t h a t  i t  takes a cons ide rab le  t i m e  t o  r e s t o r e  t h e  column t o  t h e  o r i -  

g i n a l  c o n d i t i o n s  a f t e r  an a n a l y s i s  has been made. Another d isadvan-  

tage w i t h  the  e x i s t i n g  l i q u i d  chromatographic  methods i s  t h e  neces- 

s i t y  o f  u s i n g  g r a d i e n t  e l u t i o n ,  which comp l i ca tes  t h e  procedure and 

makes the equipment more expensive. 

I t  was f e l t  t h a t  a more conven ien t  i q u i d  chromatographic  me- 

thod f o r  isocyanate a n a l y s i s  i n  the  form o f  urea d e r i v a t i v e s  c o u l d  

be developed by a p p l y i n g  another  t y p e  o f  column m a t e r i a l  and chan- 

g i n g  t h e  e l u e n t .  P r e l i m i n a r y  exper iments i n d i c a t e d  t h a t  reversed 

phase chromatography on a bonded o c t a d e c y l s i  l y l  (C18Si:) phase was 

t h e  bes t  cho ice ,  and t h a t  i s o c r a t i c  e l u t i o n  would be a p p l i c a b l e .  

EXPERIMENTAL 

Apparatus 

An A l t e x  model 110 s o l v e n t  m e t e r i n g  pump was used 

a Rheodyne model 7105 (Rheodyne, Berke ley,  C a l i f . ,  U.S 

v a l v e  i n j e c t o r  w i t h  a 175 p1 l oop .  The d e t e c t o r  was an 

1203 UV mon i to r ,  wavelength 254 nm, w i t h  an 8 1.11 c e l l  

Data C o n t r o l ,  R i v i e r a  Beach, F l a . ,  U.S.A.) 

t o g e t h e r  w i t h  

A . )  sampl ing 

LDC model 

Labora to ry  

Column pack inq m a t e r i a l  and e l u e n t s  

The pack ing m a t e r i a l  was Nucleos i  1 5 C 1 8  (Macherey-Nagel b Co., 

Diiren, G . F . R . ,  a r t .  712 13 ) .  The mean p a r t i c l e  d iameter  was 5 urn. 
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766 SANG0 

The e l u e n t s  were methanol, ace ton i  t r i  l e  o r  t e t r a h y d r o f u r a n  w i t h  

va r ious  water  con ten ts .  

Column t u b i n g  and f i t t i n g s  

The columns c o n s i s t e d  o f  6.35 rnm O . D .  x2DO mm leng ths  o f  316 
s t a i n l e s s  s t e e l  t u b i n g  w i t h  a p o l i s h e d  i n n e r  su r face .  The i n t e r n a l  

diameter was 5 mm. They were equipped w i t h  Parke r -Hann i f i n  compres- 

s i o n  f i t t i n g s .  Very t h i n  s t a i n l e s s  s t e e l  mesh d i s c s  were p laced  a t  

bo th  ends o f  the column ( p a r t  No. 206, he tp ,  34 G o n v i l l e  Avenue, 

Sut ton,  M a c c l e s f i e l d ,  Cheshire, England, SK 11 OEG) .  The va l ve  i n -  

j e c t o r  and d e t e c t o r  were connected t o  t h e  column v i a  1/16” O.D.  

(0 .15  mm I .D.) s t a i n l e s s  s t e e l  t u b i n g .  

Column pack ing technique 

Columns were packed acco rd ing  t o  the  upward s l u r r y  pack ing 

technique (10) .  A Haskel pneumatic a m p l i f i e d  pump model DST-150 

(Haskel Engineer ing and Supply Co., Burbank, C a l i f .  91502, U.S.A.) 

was p r e s s u r i z e d  w i t h  acetone t o  200 atm w i t h  a Whitey v a l v e  model 

NB-SS-3NBF4 (Whitey Company, Oakland, C a l i f . ,  U.S.A.), c l o s e d  on 

the  o u t l e t  s ide .  About 2.7 g o f  pack ing m a t e r i a l  was s l u r r i e d  i n  

70 m l  ch lo ro fo rm i n  an u l t r a s o n i c  ba th  f o r  10  minutes.  The s l u r r y  

r e s e r v o i r  Crawford t ype  304-HDF4-75 ( p a r t  o f  a s l u r r y  pack ing  k i t ,  

p a r t  No. 316, he tp ,  34 G o n v i l l e  Avenue, Su t ton ,  M a c c l e s f i e l d ,  Che- 

s h i r e ,  England, SK 1 1  OEG) was f i l l e d  and t h e  column mounted p o i n t -  

i n g  upwards. Chloroform was f i l l e d  t o  the  t o p  o f  t h e  column. The 

end f i t t i n g  was connected and t h e  va l ve  was opened. About 250 m l  

o f  s o l v e n t  was passed, and the  column was tu rned  p o i n t i n g  down- 

wards. The va l ve  was c osed, and a f t e r  5 minutes t h e  column was 

disassembled, washed w t h  metanol and t e s t e d .  

Chemi ca 1 s 

Solvents .  A c e t o n i t r i l e ,  t e t r a h y d r o f u r a n  and methanol were a l l  

h i g h  p u r i t y  s o l v e n t s  for l i q u i d  chromatography (Rathburn Chemicals, 

Caberston Road, Walkersburn, Peeblesshi re ,  Scot land,  E H43 6AV). 

Isocyanates. The hexamethylene d i  isocyanate ( H D I ) ,  4,4’-diphe- 

nylmethane d i i s o c y a n a t e  (MDI) and Desmodur N 75 (DN 75) (a 75% w/w 
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ISOCYANATES IN WORKING ATMOSPHERES 767 

s o l u t i o n  o f  a h i g h  mo lecu la r  weight  b i u r e t  o f  H i l l  i n  2 -e thoxye thy l -  

ace ta te /xy lene  1 : l )  were ob ta ined  f rom Bayer AG, Leverkusen, Germa- 

ny * 
The to luene  d i i s o c y a n a t e  was a m i x t u r e  o f  65% t o l u e n e  2,4-d 

isocyanate (2,b-TDI) and 35% to luene  2,6-d i isocyanate (2.6-TDI) 

f rom E.  Merck. 

Reagent. The n i  t ro - reagen t  (N-4-ni trobenzyl-N-n-propylamine 

was prepared by the  method o f  Dunlap et at .  ( 7 ) .  

Procedure 

A midget  impinger i s  f i l l e d  w i t h  10 m l  of the  n i t r o  reagent 

absorber  s o l u t i o n  (2  x l o - '  mol I - '  i n  t o luene) ,  and 15  1 o f  a i r  

i s  drawn through the impinger a t  a r a t e  o f  1 I /min.  A f t e r  t he  

sample i s  taken, t he  s o l u t i o n  i s  evaporated t o  dryness a t  35OC 

under vacuum. The res idue  i s  d i s s o l v e d  i n  1 m l  o f  t h e  chromatogra- 

p h i c  e l u e n t  and 1 0 0  p1 o f  the  s o l u t i o n  i s  i n j e c t e d  i n t o  the  chro-  

matograph. The q u a n t i t a t i v e  a n a l y s i s  was based on peak h e i g h t  

measurement, and s tandard curves were prepared by chromatograph 

s o l u t i o n s  o f  known composi t ion.  

RESULTS AND D I S C U S S I O N  

The presence o f  the  b a s i c  reagent i n  the  r e a c t i o n  m i x t u r e  

be chromatographed poses c e r t a i n  problems when s i l i c a  i s  used as 

column m a t e r i a l .  I n  f a c t ,  these problems c o u l d  have been a n t i c i p a -  

ted,  as the  d i f f i c u l t i e s  o f  chromatographing b a s i c  compounds on 

s i l i c a  a r e  w e l l  known (11 ) .  The main cause i s  t he  presence o f  s i l a -  

no1 groups on the  s i l i c a  s u r f a c e  which i n t e r a c t  w i t h  and r e t a r d  

t h e  reagent amine (12 ) .  A change t o  a reversed phase mode, u s i n g  

a C 1 8  phase and aqueous s o l v e n t s  as e l u e n t s  d i d  n o t  e n t i r e l y  a v o i d  

problems, s i n c e  the  reagent s t i l l  e l u t e d  as a broad peak a f t e r  t h e  

urea d e r i v a t i v e s .  T h i s  i n d i c a t e s  t h a t  t h e  s i l a n o l  groups a r e  n o t  

w h o l l y  removed f rom the s i l i c a  s u r f a c e  d u r i n g  t h e  p r e p a r a t i o n  o f  

t h e  C 1 8  phase. However, on a d d i t i o n  o f  1% t r i e t h y l a m i n e  and a d j u s t -  

i n g  the  pH-value t o  3.0 w i t h  phosphor ic  a c i d ,  t h e  chromatographic  

p i c t u r e  d r a m a t i c a l l y  changes. The reagent i s  now e l u t e d  w i t h  the  
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768 SANG0 

s o l v e n t  f r o n t  and no d i s t u r b a n c e  o f  t h e  s e p a r a t i o n  o f  t h e  urea 

d e r i v a t i v e s  occurs.  The main reason f o r  t h i s  improvement i s  t he  

p r o t o n i z a t i o n  o f  t h e  reagent amine, caus ing i t  t o  move r a p i d l y  

through the  column. 

I n  o rde r  t o  be a b l e  t o  choose the  bes t  c o n d i t i o n s  for  the 

chromatographic separa t i on ,  a d e t a i l e d  s tudy  o f  the v a r i a t i o n  of 

k ' - v a l u e s  f o r  severa l  urea d e r i v a t i v e s  w i t h  t he  compos i t i on  o f  

t h r e e  common e l u e n t s  was made, namely: methanol, a c e t o n i t r i l e  and 

t e t r a h y d r o f u r a n  (F igs .  1 - 3 ) .  

A t  low water  con ten t  t he  urea d e r i v a t i v e s  e l u t e  f a i r l y  r a p i d -  

l y  f rom the  column, e s p e c i a l l y  w i t h  aqueous t e t r a h y d r o f u r a n  as 

e l u e n t .  On i n c r e a s i n g  the  water  con ten t ,  t h e  k ' - v a l u e s  increase,  

r e f l e c t i n g  the dominant i n f l u e n c e  o f  t he  nonpo la r  p a r t s  o f  t he  urea 

d e r i v a t i v e s  on r e t e n t i o n .  For a l l  so l ven ts ,  t h e  M D I  and DN 75  d e r i -  

v a t i v e s  e l u t e  l a s t  i n  accordance w i t h  t h e i r  h i g h  mo lecu la r  we igh t .  

Re ten t i on  of  the  HDI and 2,4- and 2,6-TDI d e r i v a t i v e s  i s  i n f l u e n c e d  

by the  k i n d  of s o l v e n t  and the water  c o n t e n t .  The i n c r e a s i n g  d i f f e -  

rence i n  r e t e n t i o n  between t h e  s t r u c t u r a l l y  c l o s e l y  r e l a t e d  2,4- 

and 2,6-TDI d e r i v a t i v e s  i n  the s o l v e n t  s e r i e s  m e t h a n o l - a c e t o n i t r i l e  

t e t r a h y d r o f u r a n  i s  e s p e c i a l l y  notewor thy.  I n  a t o t a l  a n a l y s i s ,  t he  

most d i f f i c u l t  separa t i on  t o  achieve i n  a reasonable t i m e  i s  t h a t  

between the  2 , 4 -  and 2,6-TDI d e r i v a t i v e s  and the  H D I  d e r i v a t i v e .  

F o r t u n a t e l y  t h e  separa t i on  problem i s  s i m p l i f i e d ,  s ince  t h e  

occurrence of a l l  f i v e  isocyanates i n  t h e  same work ing atmosphere 

i s  r a t h e r  u n l i k e l y .  Thus, 2,4- and 2,6-TDI and M D I  a r e  used f o r  

the p r e p a r a t i o n  o f  foam and rubber ,  w h i l e  DN 75 c o n t a i n i n g  about 

1 %  o f  H D I  ma in l y  occurs i n  the  p a i n t  and lacquer  i n d u s t r y .  On 

t h a t  account we have mere ly  t r i e d  t o  develop methods f o r  sepa- 

r a t i n g  the isocyanates w i t h i n  the  two groups i s o c r a t i c a l l y  i n  

the s h o r t e s t  p o s s i b l e  t ime.  

On the  b a s i s  o f  the k ' - c u r v e s  i n  F igs.  1-3, aqueous aceto-  

n i t r i l e  c o n t a i n i n g  25% v/v water  was chosen. Other s o l v e n t  com- 

p o s i t i o n s ,  e . g .  aqueous methanol, g i v e  comparable, a l t hough  n o t  

q u i t e  as good, separat ions.  Another advantage w i t h  a c e t o n i t r i l e  

i s  the low pre5sure needed t o  get  an accep tab le  s o l v e n t  f l o w  

through the  column. 
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Relationship between capacity factor, k ’ ,  for urea derivatives and 
methanol content of the mobile phase. Column: Nucleosil 5 C18. 
Eluent: methanol-water, the water phase containing 1 %  triethyl- 
amine and adjusted to pH 3.0 with phosphoric acid. Flow rate: 1 ml 
min”. 
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FIGURE 2 

R e l a t i o n s h i p  between c a p a c i t y  f a c t o r ,  k ' ,  f o r  urea d e r i v a t i v e s  and 
a c e t o n i t r i l e  con ten t  o f  the mob i l e  phase. Column: N u c l e o s i l  5 C,*. 
E luen t :  a c e t o n i t r i l e - w a t e r ,  t he  wa te r  phase c o n t a i n i n g  1 %  t r i e t h y l -  
amine and ad jus ted  t o  pH 3 . 0  w i t h  phosphor ic  a c i d .  F low  r a t e :  1 m l  
m i  n- '  . 
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FIGURE 3 

R e l a t i o n s h i p  between c a p a c i t y  f a c t o r ,  k', for urea d e r i v a t i v e s  and 
t e t r a h y d r o f u r a n  con ten t  o f  t he  mob i l e  phase. Column: N u c l e o s i l  5 
Cr8. Eluen t :  t e t rahyd ro fu ran -wa te r ,  t he  wa te r  phase c o n t a i n i n g  1 %  
t r i e t h y l a m i n e  and ad jus ted  to  pH 3.0 w i t h  phosphor ic  a c i d .  Flow 
r a t e :  1 mI m i n - I .  
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772 SANG0 

I s 

As shown by F ig .  4 the s e p a r a t i o n  o f  a m i x t u r e  o f  2,4- and 

2,6-TDI and MDI  i s  complete i n  f i v e  minutes,  and s i n c e  the  e lu -  

t i o n  mode i s  i s o c r a t i c ,  t h e  column i s  immediately ready f o r  a 

new i n j e c t i o n .  The a n a l y s i s  o f  a m i x t u r e  o f  HDI  and DN 75 takes 

about seven minutes.  D e t e c t i o n  l i m i t s  of t he  method a r e  g i v e n  

i n  Table I .  

A 

- 
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.01 Abs 

1 I 
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FIGURE 4 

t 
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2 3 4 5 6 7min 

Chromatogram o f  n i t r o  reagent and urea d e r i v a t i v e s .  E l u e n t :  aceto-  
n i t r i l e - w a t e r  75:25 v/v ,  t he  wa te r  phase c o n t a i n i n g  1% t r i e t h y l -  
amine and ad jus ted  t o  pH 3.0 w i t h  phosphor ic  a c i d .  Flow r a t e :  2 ml 
min- ’ .  Sample volume: 100 p l .  Detec to r :  UV a t  254 nm and 0.128 AUFS. 

a) De te rm ina t ion  o f  2.6-TDI, 2,4-TDI and M D I .  Isocyanate concentra-  
t i o n s :  0.35 pg 2,6-TDl/ml, 0.65 pg 2,4-TDl/ml and 1 . 0  pg M D l / m l .  

b )  Dete rm ina t ion  o f  HDI and DN 75. Isocyanate c o n c e n t r a t i o n s :  
1.2 pg H D l / m l  and 6.0 pg DN 7 5 / m l .  
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ISOCYANATES IN WORKING ATMOSPHERES 773 

TABLE I 

D e t e c t i o n  l i m i t s  f o r  seve ra l  isocyanates 

D e t e c t i o n  l i m i t  
Isocyanate 

mg/m 

2,4-TDI 0.001 

2,6-T0I 0 .001 

HD I 0.002 

MD I 0.001 

Oesmodur N 75 0.015 

*The d e t e c t i o n  l i m i t s  a r e  based on a 1' ' 
a i r  sample and the  exper imen ta l  cond i -  
t i o n s  as i n  F i g .  4. 

Comparison w i t h  the  method of Ounlap e t  at .  (7)  u t i l i z i n g  a 

s i l i c a  phase and g r a d i e n t  e l u t i o n  shows t h a t  t he  e l u t i o n  t ime  i s  

about ha l ved  i n  o u r  case and t h a t  t h e  two TO1 d e r i v a t i v e s  a r e  f u l -  

l y  separated. Furthermore, o u r  d e t e c t i o n  l i m i t s  a r e  about  f i v e  

t imes lower than those o f  Ounlap e t  a t .  The C18 column has tu rned  

o u t  t o  be v e r y  s t a b l e :  hundreds of samples have been r u n  w i t h  no 

n o t i c a b l e  change o f  t he  column performance. I t  thus appears t h a t  

t he  p resen t  method has a number o f  advantages which should make 

i t  u s e f u l  f o r  t h e  a n a l y t i c a l  chemist work ing  w i t h  isocyanates.  
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