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A NEW REAGENT FOR DETERMINATION OF ISOCYANATES 
I N  WORKING ATMOSPHERES BY HPLC 

USING UV OR FLUORESCENCE DETECTION 

C. Sang6 and E. Zimerson 
Technical A n a l y t i c a l  Chemistry and 

Organic Chemistry I I ,  Chemical Center 
P.O.B. 740, 5-220 07 Lund 7, Sweden 

ABSTRACT 

A new l i q u i d  chromatographic method w i t h  increased s e n s i t i v i t y  
has been developed f o r  the de terminat ion  of isocyanates common i n  
i n d u s t r i a l  environments. The isocyanates are  converted t o  s tab le  
urea de r i va t  i ves by reac t i on  w i t h  9- (N-methy 1 ami nomethy 1 ) -an tli racene. 
These de r i va t i ves  were analyzed using h igh  performance l i q u i d  chro- 
mtography  on a bonded o c t a d e c y l s i l y l  phase us ing  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  and detected e i t h e r  by a UV o r a  f luorescence 
de tec tor .  The method was app l i ed  t o  to luene 2,4- and2.h-di isocyanate 
(2,4- and 2,6-fDI) ,  hexamethylene d i  isocyanate (HDI) and 4,4'-diphe- 
nylmethane d i  isocyanate (HOI) . 

The in f luence o f  var ious s a l t s  on the  r e t e n t i o n  of the reagent 
amine was studied, as w e l l  as the separa t ion  o f  the urea d e r i v a t i v e s  
on d i f f e r e n t  C18-phases. The de tec t i on  l i m i t  i s  about 1 - 10'' mg/m3 
f o r  the isocyanates inves t iga ted ,  using e i t h e r  UV o r  f luorescence 
de tec t ion .  This means tha t  the new method i s  ten t o  twenty times 
more s e n s i t i v e  than the p rev ious l y  descr ibed reversed Dhase LC me- 
thod, which u t i l i z e d  N-4-nitrobenzyl-N-n-propylamine as reagent. 

INTRODUCTION 

I n  a recent paper by one o f  the present authors,  an improved 

method f o r  the determinat ion o f  t races of  isocyanates i n  working 

atmospheres by h igh  performance 1 i q u i d  chromatography (HPLC) was 

described ( 1 ) .  Th is  method u t i l i z e d  the reac t i on  between isocya- 

nates and N-4-nitrobentyl-N-n-propylamine t o  form urea der iva t ives ,  

which were separated by HPLC and monitored by an UV de tec to r  a t  

971 

Copyright 0 1980 by Marcel Dekker. Inc. 

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



972 

254 nm. I t  was demonstrated t h a t  

tography on a bonded octadecyl  s i 
chromatography on s i l i c a  as prev 
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by app 1 y i ng reversed phase ch roma- 

yl phase, ins tead o f  adsorp t ion  

ous ly  used (2.31, separa t ion  be- 

tween the reagent and the urea d e r i v a t i v e s  was improved, the ana- 

l y s i s  time was shortened, and the procedure s i m p l i f i e d ,  s ince  iso-  

c r a t i c  e l u t i o n  could be used instead o f  g rad ien t  e l u t i o n .  

I n  the present i nves t i ga t i on ,  a new amine reagent f o r  conver t -  

ing  isocyanates t o  ureas f o r  f u r t h e r  separa t ion  by HPLC.is i n t r o -  

duced. The new reagent i s  9-(N-methylaminomethyl)-anthracene, the 

urea de r i va t i ves  o f  which e x h i b i t  f luorescence i n  a d d i t i o n  t o h a v i n g  

a very s t rong UV-absorption (molar a b s o r p t i v i t y  n 4 x lo5 1 moI-'cm-' 

a t  254 nm). I t  i s  thus poss ib le  t o  monitor the e l u a t e  from the  HPLC 

separat ion by using e i t h e r  a UV o r  a f luorescence de tec to r .  

EXPERIMENTAL 

Apparatus 

An A l t e x  model 110 so lvent  meter ing pump was used, together  

w i t h  a Rheodyne model 7105 (Rheodyne, Berkeley, C a l i f . ,  U . S . A . )  

sampling va lve  i n j e c t o r  w i t h  a 175 p1 loop. The UV de tec tor  was 

an LDC model 1203 UV monitor,  wavelength 254 nm, w i t h  a 1 0  p l  cell 

(Laboratory Data Cont ro l ,  R i v i e r a  Beach, Fla. ,  U.S.A.). The f l u o r -  

escence de tec tor  was a MPF-2A f luorescence spectrophotometer w i  t h  

a 40 p l  c e l l  (Perkin Elmer, Norwalk, Connect icut ,  U . S . A . ) .  

Column packing ma te r ia l  and packing technique 

S ix  d i f f e r e n t  commercial ly a v a i l a b l e  C18-packing ma te r ia l s  

were used, The mean p a r t i c l e  diameter was 5 o r  10 urn: ODS-Hyper- 

s i l  (5 urn, Shandon Southern Products L imi ted ,  G t .  B r i t a i n ) .  L iChro -  

sorb RP 18 (10 Urn, E. Herck, Darmstadt, G.F.R.), uBondapak C 1 8  ( 1 0  

pm, Waters Associates Inc., M i l f o r d ,  Massachusetts, U.S.A.), Nucleo- 

s i l  C,* ( 5  urn, Macherey-Nagel 6 Co., Oiiren, G.F.R.), P a r t i s i l  ODs 
(10 pm, Whatman Inc., 9 Br idewel l  Place, C l i f t o n ,  New Jersey, U.S.A.), 

Spherisorb ODS (5 urn, Phase Separat ion Ltd. ,  Oeeside I n d u s t r i a l  Estate, 

Queensferry, Clwyd, G t .  B r i t a i n ) .  
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REAGENT FOR ISOCYANATE DETERMINATION 973 

The columns consisted o f  6.35 mn 0.0. ~ 2 0 0  mm lengths o f  316 

s t a i n l e s s  s t e e i  t ub ing  w i t h  a po l i shed inne r  surface. The i n t e r n a l  

diameter was 5 mm. 

The column packing technique has been descr ibed elsewhere ( 1 ) .  

Chromatograph i c e luen t  

The e luent  cons is ted  o f  a mix tu re  o f  a c e t o n i t r i l e  and water. 

The water phase contained e i t h e r  o rgan ic  ( t r ie thy lamnon ium phos- 

phate, d ie thy  Iammoni um phosphate, n-buty 1 ammn i um phosphate) o r  

inorgan ic  s a l t s  (sodium phosphate, sodium sulphate,  sodium n i t r a t e ,  

ammonium n i t r a t e ) .  The pH o f  the aqueous phase was ad jus ted  t o  3.0 

w i t h  phosphoric ac id .  

The capac i ty  fac to rs  ( k ' )  were ca l cu la ted  as the mean from a t  

l eas t  two i n j e c t i o n s .  The column vo id  volume was est imated by the 

i n j e c t i o n  of sodium n i t r a t e  when the UV-detector was used. 

C hem i ca 1 s 
Solvents. A c e t o n i t r i l e :  p ro  ana lys i  grade (E. Merck), Water: 

doubly d i s t i  1 led.  Other solvents used (dirnethylformamide, to luene 

and rnethylene ch lo r i de )  were a l l  o f  p ro  ana lys i  qua1 i t y  (E. Merck 

Toluene and methylene c h l o r i d e  were f u r t h e r  d r i ed .  

Isocyanates. Hexamethy 

nylmethane d i  isocyanate (MD 

kusen, G . F . R .  The toluene d 

to luene 2.4-di isocyanate ( 2  

(2,6-TDl) from E. Merck. 

ene d i  isocyanate (HDI) and 4,4'-diphe 

) were obtained from Bayer A G ,  Lever- 

isocyanate was a mix tu re  of 652 w/w 

4-TDI) and 35% to luene 2.6-di isocyanate 

Other chemicals. T r ie thy lamine,  diethylamine and n-butylamine 

were obtained from E. Merck. 

Reagent. The reagent, 9-(N-methylaminomethyl)-anthracene was 

prepared i n  the f o l l o w i n g  way. Methylamine ( 5  g, 160 m m o l ,  33% wa- 

t e r  s o l u t i o n )  was slowly added t o  a s o l u t i o n  o f  g-anthracenealde- 

hyde ( 1 1 . 2  g ,  5 3  mmol) i n  ethanol (SO0 m l ) .  The reac t i on  mix tu re  

was heated under r e f l u x  (0.5 h ) ,  cooled and hydrogenated (atm. pres- 

sure) w i t h  Rainey n i cke l  (6 g) as c a t a l y s t .  A f t e r  the cornolet ion o f  

the reduc t ion  ( 1 2  - 2 4  h )  the c a t a l y s t  was removed by f i l t r a t i o n  and 
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9 74 SANG0 AND ZIMERSON 

the ethanol was evaporated under reduced pressure (50OC). The r e s i -  

due was d isso lved i n  acetone (200 ml) and the s a l t  of the product 

was formed by the a d d i t i o n  o f  conc. hyd roch lo r i c  a c i d  ( 4 . 5  ml). The 

s a l t  was removed by f i l t r a t i o n  and r e c r y s t a l l i z e d  from ethanol  (200 

ml). The product i s  s to red  as the hydroch lo r ide  because o f  i t s  grea- 

t e r  s t a b i l i t y .  A s o l u t i o n  o f  the s a l t  ( 1 . 5  9) i n  water (300 ml) was 

made a l k a l i n e  w i t h  NaOH and ex t rac ted  w i t h  toluene. The toluene 

layer  was evaporated under reduced pressure (SOOC) t o  g i ve  the  pro- 

duct. (M.P., 57.5°-580C, NMR (COC13)d 1.45 ( S ,  l H ,  -NH), 2.64 (5, 
3H, - C H 3 ) ,  4 . 6 6  ( S ,  2H, -CH2-) 7 .4 -8 .4  (9H. aromat ic)  ppm; CHN ana- 

l y s i s ,  ca l cu la ted  f o r  C16H15N: C 8 6 . 8 3 ,  H 6 . 8 3 ,  N 6 .33 ;  found, C 8 6 . 4 6 ,  
H 6 . 8 7 ,  N 6.26.  

Prepara t ion  of urea der i va t  i ves from 9- (N-me thy 1 ami nomethy 1 ) - 
anthracene and di isocyanates.  The reac t i on  was c a r r i e d  ou t  a t  25OC 

under n i t rogen.  The d i i socyanate  (2 .0 ml) was d isso lved i n  d ry  

methylene c h l o r i d e  (25 ml) and the s o l u t i o n  was slowly added t o  a 

s o l u t i o n  of 9-(N-methylaminomethyl)-anthracene ( 1 . 3  g, 6 . 0  rnmol) i n  

methylene c h l o r i d e  ( S O  m l ) .  The reac t i on  m ix tu re  was s t i r r e d  ( 1 . 5  h )  

and concentrated u n t i l  the appearance of the s o l i d  products,  cooled 

w i t h  i c e  and theproducts formed removed by f i l t r a t i o n .  The H D I  d e r i -  

v a t i v e  was r e c r y s t a l l i z e d  from methylene c h l o r i d e  and the der;va- 

t i ves  from TO1 and MOI by continuous e x t r a c t i o n .  

The ureas obtained a r e  very d i f f i c u l t  t o  d i sso l ve  i n  m s t  sol- 

vents, except dimethylformamide. 

Prepara t ion  of reagent absorber s o l u t i o n .  For s t a b i  1 i  t y ,  the 9- 
(N-methy 1 am 

r ide .  Disso 

0 . 1  m o l  1-1 

luene and d 

nomethyl)-anthracene reagent i s  s to red  as i t s  hydrochlo- 

ve about 25 mg o f  the reagent hydroch lo r ide  i n  5 m l  o f  

H C I .  Ex t rac t  the reagent s o l u t i o n  tw ice  w i t h  5 m l  o f  to-  

scard the toluene. Add 5 ml of 1.0 mol 1 - '  NaOH, where- 

upon the f ree  amine p r e c i p i t a t e s .  E x t r a c t  the f ree  amine w i t h  5 m l  

o f  toluene. D i l u t e  the r e s u l t i n g  s o l u t i o n  t o  100 ml w i t h  to luene t o  

prepare the 1 x mol I - '  s o l u t i o n .  D i l u t e  t h i s  s o l u t i o n  t e n f o l d  

w i t h  to luene t o  ob ta in  the 1 x lo-'  mol I - '  s o l u t i o n  which i s  used 

as the reagent so lu t i on .  I f  s to red  i n  darkness i n  a r e f r i g e r a t o r ,  the 
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REAGENT FOR ISOCYANATE DETERMINATION 975 

s o l u t i o n  

A s  

t i v e s  i s  

i socyana 

reagent s o l u t i o n  i s  s tab le  f o r  several  months. However, a c e r t a i n  

decomposition o f  the reagent may take place; i t  i s  t h e r e f o r e  recom- 

mended t o  run a chromatogram o f  the reagent s o l u t i o n  be fo re  use. 

Prepara t ion  o f  standard so lu t i ons .  Standard s o l u t i o n s  o f  the  

urea d e r i v a t i v e s  were made up as fo l l ows .  On account o f  the  low 
s o l u b i l i t y  of the urea d e r i v a t i v e s  i n  the e luen t  a s tock  s o l u t i o n  

was prepared i n  dimethylformamide. About 25 mg was e x a c t l y  weighed 

ou t  and d isso lved i n  50 m l  dimethylformamide. Th is  s o l u t i o n ,  when 

kept i n  darkness i n  a r e f r i g e r a t o r ,  can be s to red  f o r  a t  l e a s t  6 
months. 

To prepare a s o l u t i o n  s u i t a b l e  f o r  i n j e c t i o n ,  an a l i q u o t  i s  

withdrawn from the  stock s o l u t i o n  and mixed wi th  the  e luent .  The 

i s  then ready f o r  i n j e c t i o n  i n t o  the chromatograph. 

mpler method o b v i a t i n g  the syn thes is  o f  pure urea der iva-  

the fo l low ing .  A s tock  s o l u t i o n  i s  prepared from the  pure 

e and the urea d e r i v a t i v e  formed in s i tu  by mix ing  an a l i -  

quot o f  t h i s  s o l u t i o n  w i t h  the reagent s o l u t i o n .  About 10  mg o f  the 

pure isocyanate i s  exac t l y  weighed ou t  and d isso lved i n  50 m l  o f  

dry methylene ch lo r i de .  An a l i q u o t  o f  the s o l u t i o n  i s  added t o  10 

m l  o f  the reagent s o l u t i o n  and the mix tu re  t rea ted  as descr ibed 

below f o r  the a i r  sample. The same r e s u l t s  were ob ta ined using the 

in situ method as w i t h  pure urea d e r i v a t i v e s .  

A i r  samol i ng  procedure 

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

s o l u t i o n  ( 1  x lo- '  mol I-' i n  to luene) ,  and 1 5  1 o f  a i r  i s  drawn 

e c t i o n  e f f i -  

es inves t  i ga- 

the  sample i s  

under vacuum. 

The residue i s  d isso lved i n  1 m l  o f  the e luen t  and 1-150  pl 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 chromatograph. I f  the sample i s  not 

completely d isso ived,  which may occur f o r  h igh  isocyanate concen- 

t r a t i o n s  ( e . g .  more than 10 pg  M D I  der iva t ive /ml  e l u e n t ) ,  1 m l  o f  

dimethylformamide should be added. The i n j e c t i o n  volume should i n  

through the impinger a t  a r a t e  o f  1 1 min-' .  The c o l  

ciency i s  shown t o  be more than 95% f o r  the isocyana 

t e d w i t h a  f low r a t e  between 0 . 5  and 2 1 min-' .  A f t e r  

taken, the s o l u t i o n  i s  evaporated t o  dryness a t  35OC 
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9 76 SANG0 AND ZIMERSON 

t h i s  case be reduced t o  1-20 p i .  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 t a n d a r d  curves were p re -  

pa red  by chromatographing s t a n d a r d  s o l u t i o n s  o f  known composi- 

t i o n .  

RESULTS AND DISCUSSION 

The d e t e r m i n a t i o n  of isocyanates w i t h  the  g-(N-methylamino- 

me thy l ) -an th racene  reagent  (MAMA) i s  based on t h e  f o l l o w i n g  r e -  

a c t  i o n  

R ( N = c = o ) ~  + 2 

o c t a d e c y l s i  

w i t h  ace ton  

1% v /v  t r i e  

a c i d .  

I n  the  

CH3NHC 

$3 
+ R  8 ,  

I n  t h e  p r e v i o u s  work ( 1 )  w h i c h  u t i l i z e d  N-4-n i t robenzy l -N-n-  

p ropy lamine  f o r  t he  d e r i v a t i z a t i o n ,  t h e  s e p a r a t i o n  between the  ex-  

cess reagent  and t h e  u rea  d e r i v a t i v e s  was c a r r i e d  out  on a bonded 

y l  phase ( N u c l e o s i l  5 C18) u s i n g  i s o c r a t i c  e l u t i o n  

t r i l e - w a t e r  75:25 v/v .  The aqueous phase c o n t a i n e d  

hy lam ine  and was a d j u s t e d  t o  pH 3 .0  w i t h  phosohor i c  

absence o f  t r i e thy lammon ium phosphate, the excess amine 

reagent  e x h i b i t e d  a h i g h  a f f i n i t y  f o r  t he  C,8 phase (k' > 3 0 ) .  The 

behav iou r  o f  t h e  p r e s e n t  amine reagent  and the  u rea  d e r i v a t i v e s  

s t u d i e d  i n  t h i s  work on C,8 phases i s ,  as exoected,  s i m i l a r .  S ince  

i t  i s  e s s e n t i a l  f o r  t he  a n a l y s i s  t o  g e t  a c l e a n  s e p a r a t i o n  between 

the  excess reagent  and t h e  u rea  d e r i v a t i v e s ,  t he  k' v a l u e  o f  t h e  

reagent  shou ld  be low, i . e .  l e s s  than  1.0. The e f f e c t s  of d i f f e -  

r e n t  c o n c e n t r a t i o n s  o f  t r i e thy lammon ium phosphate and some o t h e r  

s a l t s  were t h e r e f o r e  s t u d i e d  i n  some d e t a i l .  

E f f e c t  o f  added s a l t  on t h e  e l u t i o n  of t h e  amine reagen t  

The e f f e c t  o f  t r i e thy lammon ium phosphate (TEAP) c o n c e n t r a t  

on t h e  r e t e n t i o n  o f  t he  amine reagent  i s  demonstrated i n  Tab le  

f o r  v a r i o u s  commercial C 1 8  phases. 

on 
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REAGENT FOR ISOCYANATE DETDRMINATION 977 

TABLE I 

E f f e c t  o f  t r i e thy  1 a m n  i um phosphate (TEAP) concen t r a  t ion  
on the capac i ty  f a c t o r ,  k ’ ,  o f  the amine reagent, 9-(N- 
me thy 1 ami nomethy 1 ) -an t h  racene 

c18 phase 0.1% TEA 0.5% TEA 1.0% TEA 5.0% TEA 

k l  k ’  k ’  k ’  

ODs-Hypers i 1 3.2 0.48 0.43 0.08 

LiChrosorb RP I8 2.9 0.50 0.38 0.12 

Ueondapak C 1 8 1.4 0.41 0.36 0.25 

P a r t i s i l  ODS 3.0 1.1 1 .o 0.99 
Spherisorb ODs 5.0 0.76 0.56 0.15 

Nuc leos i l  c18 1.2 0.27 0.23 0.09 

Eluent:  Acetoni t r i  le-water 80:20 v/v, the water phase con- 
t a i n i n g  0 .1  - 5.0% v /v  t r i e thy lam ine  (TEA) and ad jus ted  t o  
pH 3.0 w i t h  phosphoric ac id .  F low ra te :  2 m l  min”. 

On increas ing  the concent ra t ion  o f  TEAP, the k ’ - va lues  o f  

the reagent decrease r a p i d l y  up t o  a concent ra t ion  o f  0.5% and 

the rea f te r  more g radua l l y .  The f a c t  t h a t  the r e t e n t i o n  decreases 

on inc reas ing  the i o n i c  s t rength  o f  the e luen t  i s  i n  accordance 

w i t h  the r e s u l t s  o f  Sugden e t  a l .  (4). I t  i s  a l s o  seen t h a t  the 

s i x  commercial C 1 8  phases tes ted  d i f f e r  i n  t h e i r  behaviour.  I t  

i s  reasonable t o  assume tha t  these values r e f l e c t  d i f f e rences  i n  

the p roper t i es  o f  the s i  

the o c t a d e c y l s i l y l  group 

The k ind  o f  chloros 

o r  an oc tadecy ls i lane  i n  

i ca  m a t r i x  and i n  the methods o f  f i x i n g  

t o  the  ma t r i x .  

lane used, e . g .  octadecyl  t r i c h l o r o s i l a n e  

which one o r  two o f  the c h l o r i n e  atoms 

have been exchanged fo r  methyl groups, cou ld  a l s o  in f luence the 

p roper t i es  o f  the phase, espec ia l l y  the number o f  remaining s i l a -  

no1 groups, which are known t o  con t r i bu te  t o  the chromatographic 

r e t e n t i o n  (5). 
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978 SANG0 AND ZIMERSON 

I n  a d d i t i o n  t o  TEA t h e  e f f e c t s  of some o t h e r  o r g a n i c  bases, 

i.e. d i e t h y l a m i n e  and n-buty lamine on t h e  k ' - v a l u e  o f  t he  rea- 

gent  amine were s t u d i e d .  T h e i r  i n f l u e n c e  was found t o  be s i m i l a r  

t o  t h a t  o f  TEA. The maximum s o l u b i l i t y  o f  diethylammonium phos- 

phate i n  a c e t o n i t r i l e - w a t e r  80:20 v / v  i s  2-3%. However, i t  t u r n e d  

o u t  that: t h e  k i n d  o f  base used a l s o  had a c e r t a i n  i n f l u e n c e  on t h e  

k ' - v a l u e s  o f  t he  u rea  d e r i v a t i v e s  and t h e  base can thus be used t o  

govern t h e i r  s e p a r a t i o n .  

The e f f e c t  o f  a number o f  i n o r g a n i c  s a l t s  i . e .  sodium phos- 

phate,  sodium s u l p h a t e  and sodium and ammonium n i t r a t e  were a l s o  

s t u d i e d ,  I n  a l l  cases t h e  pH was a d j u s t e d  t o  3.0 u s i n g  phosphor i c  

a c i d .  As f o r  t h e  o r g a n i c  bases t h e  k ' - v a l u e  o f  t h e  reagent  decrea- 

sed as the  c o n c e n t r a t i o n  o f  s a l t  i nc reased .  However, c e r t a i n  aqueous 

a c e t o n i t r i l e  s a l t  s o l u t i o n s  cannot be made c o n c e n t r a t e d  enough t o  

p reven t  i n t e r f e r e n c e  between reagent  and urea d e r i v a t i v e s .  T h i s  i s  

t h e  case f o r  sodium phosphate and sodium s u l p h a t e ,  w h i l e  sodium 

and ammonium n i t r a t e  a r e  usable.  A d isadvantage w i t h  the  n i t r a t e  

s a l t s  i s ,  however, t h e i r  h i g h  UV-absorbance a t  254 nm. 

Separa t i on  o f  t he  u rea  d e r i v a t i v e s  on d i f f e r e n t  C,8-phases 

duce the  r e t e n t i o n  o f  t h e  reagent  amine. I n  o r d e r  t o  g e t  a r a p i d  

e l u t i o n ,  a f a i r l y  h i g h  c o n t e n t  o f  TEA i n  the  aqueous phase (3.C v / v )  

was chosen. 

Organic  s a l t s  such as TEAP a r e  a p p a r e n t l y  b e s t  s u i t e d  t o  r e -  

The v a r i a t i o n  o f  t he  c a p a c i t y  f a c t o r ,  k ' ,  f o r  f o u r  u rea  d e r i v a -  

t i v e s ,  namely those o f  2,6-TDI, 2,4-TDI, HDI and M D I ,  w i t h  the  con- 

t e n t  o f  a c e t o n i t r i l e  i n  t h e  e l u e n t  for t h r e e  d i f f e r e n t  commercial1 

a v a i l a b l e  C18-phases i s  demonstrated i n  F i g .  1 .  Chromatograms f rom 

the s e p a r a t i o n  o f  urea d e r i v a t i v e s  o f  2 ,6-TDI t  2.4-TD1, HDI and M D  

a r e  shown i n  F i g .  2. 

There i s  a c o n s i d e r a b l e  v a r i a t i o n  i n  s e p a r a t i o n  p a t t e r n  w i t h  

the  k i n d  o f  Ct8-phase used. The reason f o r  t h i s  was p r e v i o u s l y  d i s -  

cussed i n  t h i s  paper .  D i f f e r e n t  batches o f  t h e  same phase can a l s o  
d i f f e r  i n  t h e i r  chromatographic  per formance.  However, these d i f f e -  

rences a r e  g e n e r a l l y  l e s s  than those o b t a i n e d  f o r  d i f f e r e n t  makes 

o f  C 8-phase. 
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2::R 'Fi, 
FIGURE 1 

Re la t ionsh ip  between capaci ty 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  content o f  the mobi le phase. Eluent:  ace ton i t r i l e -wa-  
t e r ,  the water phase conta in ing  3% v/v t r ie thy lamin? and ad jus ted  
t o  pH 3 . 0  w i t h  phosphoric acid.  Flow ra te :  2 m l  min I. Columns ( 5  x 200 
rnm): ODs-Hypersil ( A ) ,  Nuc leos i l  C 1 8  (B) and Spherisorb OD$ (C). 
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! 
A 0025AU 

0 1 2  3 4 S m i n  

B 

T 
'0015AU 

c; 

J i 
0 1 2 3 4 S 6 7 m i n  

FIGURE 2 

I 
C I  

i l  T 

Chromatograms o f  g-(N-methy laminomethy l ) -anthracene reagent and urea 
de r i va t i ves .  Eluent:  a c e t o n i t r i l e - w a t e r  80:20 v /v ,  the water phase 
conta in ing  3% v/v t r i e thy lam ine  (pH 3.0). Flow ra te :  2 ml min-' .  
Sample volume: 50 P I .  Detector:  UV a t  254 nm and 0.256 AUFS. Iso- 
cyanate concentrat ions:  1 .O ug TO1 (35 /65 ) /10  ml reagent absorber 
s o l u t i o n  ( A , B ) ,  0.5 ug  T D I  (35 /65 ) /10  rnl  (C),  0 . 5  ug H D I / l O  ml and 
1.0 pg MOI/10 ml. Columns ( 5 x 2 0 0  m m ) :  ODs-Hypersil ( A ) ,  Nuc leos i l  

'18 ( 8 )  and Spherisorb 00s (C). 

On a l l  phases, a c lean separa t ion  was achieved between the 

reagent amine and the ureas. No phase gave complete separat ion 

o f  a l l  the urea de r i va t i ves .  However, the occurrence o f  a l l  f ou r  

de r i va t i ves  i n  the same working atmosphere i s  u n l i k e l y .  I t  i s ,  

however, poss ib le  t o  run a mix tu re  tw ice  using t w o  d i f f e r e n t  pha- 
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REAGENT FOR ISOCYANATE DETERMINATION 981 

ses, e.g. f i r s t  on t h e  H y p e r s i l  column and then  on t h e  Spher i so rb  

column. Another  p o s s i b i l i t y  i s  t o  use o t h e r  o r g a n i c  bases than  TEA 

(see F ig .  3 ) .  

A 
t 
1 

O.OP5AU 

i l  
P - 

h 

0-1 

I 
'hi 

7 0  

/ I  

i 
1 '  

;i 
1 

9 10min 

i 
i 

0 1 2 3 4 5 6 7 8 4  10 min 

FIGURE 3 

Chromatog rams o f  g-(N-methy 1 am inome t h y  1 1-anthracene reagent  and u rea  
d e r i v a t i v e s .  Flow r a t e :  2 m l  min". Sample volume: 50 l.11, D e t e c t o r :  
UV a t  2 5 4  nm and 0.256 AUFS. I socyana te  c o n c e n t r a t i o n s :  1.0 p g  TDI 
(35/65)/10 mi reagent absorber  s o l u t i o n ,  1 .0  pg  H D I / l O  ml and 1 . 0  
u g  M D l / l O  m l .  Column ( 5 x 2 0 0  mm): Spher i so rb  O D s .  E l u e n t :  a c e t o n i t r i l e -  
w a t e r  7 0 : 3 0  v/v .  t h e  wa te r  phase c o n t a i n i n g  3% t r i e t h y l a m i n e ,  pH 3.0 
(A) and 3% d i e t h y l a m i n e ,  pH 3.0 (B). 
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Q u a n t i t a t i v e  ana lys i s  

The q u a n t i t a t i v e  ana 

ments, s ince there i s  a I 

SANG0 AND ZIMERSON 

y s i s  i s  based on peak he igh t  measure- 

near r e l a t i o n s h i p  between peak he igh t  

and concent ra t ion  o f  the urea d e r i v a t i v e s ,  as shown i n  F ig .  4 
f o r  the H O I  d e r i v a t i v e .  

A t  h igh  concentrat ions o f  isocyanates, p r e c i p i t a t i o n  o f  urea 

de r i va t i ves  can take p lace  when the sample, a f t e r  evaporat ion t o  

dryness, i s  d isso lved i n  the e luent ,  s ince  the s o l u b i l i t y  o f  the 

ureas i n  the e luen t  i s  r a t h e r  low. The s o l u b i l i t y  decreases i n  

the order HDI  > 2,4-101 > 2,6-TOI > MDI. Thus, i t  i s  poss ib le  t o  

d i sso l ve  more than 100 pg of  the HDI  urea per mi e luen t  [ace- 

t o n i t r i l e - w a t e r  80:20, 3% TEA (pH 3)], b u t  on ly  about 10 ug  of 

the MDI urea. This d i f f i c u l t y  can be circumvented by d i s s o l v i n g  

150 4 
I 

,/' 

/ 
20 40 6 0  8 0  100 

HOI lnginl reagent)  

FIGURE 4 

Rela t ionsh ip  between peak he igh t  and the concent ra t ion  o f  HDI urea 
de r i va t i ve .  Isocyanate concentrat ions:  0 - 1 .O ug/lO m l  reagent ab- 
sorber so lu t i on .  Chromatographic cond i t i ons  as i n  F ig .  2 B .  
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REAGENT FOR ISOCYANATE DETERMINATION 983 

the ureas in pure dimethylformamide (DMF) or in a mixture o f  equal 

volumes of DMF and eluent. However, only about 20 ~1 o f  the DMF 

solutions can be injected without distortion of the peaks, com- 

pared to as much as 200-300 vl of the eluent solution. 
Detection limit 

The detection limit of the new method, using UV-detection at 

254 nm, is of the order of 1 mg/ms for the isocyanates in- 

vestigated (TDI, MDI and HDI). The detection limit is based on a 

15 1 air sample and 00 ~1 injection volume. Comparison with the 

previous method, ut i i z i ng N-4-n i t robenzy 1 -N-n-propyl ami ne, shows 

a ten to twentyfold mprovement of the detection limit. 

Stability of reagent and urea derivatives 

A certain decomposition of the amine reagent (MAMA), as well 

as o f  N-4-nitrobenzyl-N-n-propylamine, takes place under the in- 

fluence of light. This is demonstrated in Fig. 5 which shows chro- 
matograms of a newly-made MAMA reagent solution and o f  a solution 

which has been exposed to sunlight f o r  a couple of hours. 
The decompos i t ion products are e 1 uted before the ureas. Accor- 

dingly, the ri,sk of interference seems to be slight. The number and 
amount of decomposition products increase with time and temperature. 
The reagent solution should therefore be stored in darkness, and 

preferably in a refrigerator. The nature of  the working atmosphere 

can also influence the appearance of extraneous peaks in the chro- 

matogram. Thus, if the working atmosphere is oxidizing, the rea- 

gent decomposition can accelerate and secondary peaks can also arise 

if other amine-reactive substances than isocyanates, e.g. acid chlo- 
rides or acid anhydrides, are present. Furthermore, other kinds of  

isocyanate-reactive substances, e.g. alcohols, phenols, water, and 
amines can interfere with the analysis. However, preliminary expe- 
riments made at this laboratory indicate that due to the difference 

in reactivity with isocyanate between amines on one hand and alcohols, 
phenols and water on the other, only prim. and sec. aliphatic amines 
could possibly interfere. 
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FIGURE 5 

Chromatograms of 9-(N-methylaminomethyI)-anthracene reagent. Chroma- 
tographic cond i t ions  as i n  F ig .  2 8. 
( A )  Reagent absorber s o l u t i o n ,  s to red  i n  darkness. 
( 6 )  Reagent absorber so lu t i on ,  exposed t o  s u n l i g h t .  

The occurrence of compounds absorbing a t  254 nm i n  the work ng 

atmosphere, e.g.  aromatic solvents,  can a l s o  cause in te r fe rence  f 

the compounds i n  quest ion have re ten t i ons  s i m i l a r  t o  the ureas. ow- 
ever, the r i s k  i s  s l i g h t  s ince  m o s t  v o l a t i l e  so lvents  are removed on 

the evaporat ion o f  to luene from the absorber s o l u t i o n .  

The s t a b i l i t y  of the sample s o l u t i o n  not on ly  r e f e r s  t o  the  ex- 

cess reagent, bu t  a l so  t o  the urea de r i va t i ves  formed on reac t i on  
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REAGENT FOR ISOCYANATE DETERMINATION 9 85 

o f  the isocyanates w i t h  the reagent. F ig .  6 i l l u s t r a t e s  the r e s i -  

stance t o  decomposition o f  the MDI-urea. Samples were s to red  i n  

10 m l  o f  reagent absorber s o l u t i o n  under vary ing  cond i t i ons  o f  

l i g h t  and temperature. I t  was found t h a t  when s to red  i n  darkness, 

the samples were i n s e n s i t i v e  t o  temperature change i n  the range 

5-25OC. wh i le  a gradual decomposition took place i n  day l i gh t .  S i m i -  

l a r  r e s u l t s  were obtained f o r  the o the r  ureas s tud ied  i n  t h i s  paper. 

These r e s u l t s  a re  i n  agreement w i t h  those obtained for the reagent 

amine and ind i ca te  tha t  samples should be kept i n  darkness u n t i l  ana- 

l y s i s  takes place. 

\ 20 J 

\ 

80 - 

\ 

m \  
\ 

~\ 

100 - - 
0 2 4 6 8 

wcaks 
FIGURE 6 

Rela t ionsh ip  between decomDosition o f  M D I  urea d e r i v a t i v e  and time 
i n  darkness and 1 i g h t .  
Isocyanate concent ra t ion :  1.0 ug M D I / 1 0  m l  reagent absorber s o l u t i o n .  
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0 1 2 3 4  5 6 7 m i n  0 1 2  3 4 5 6 7 m i n  

FIGURE 7 

Chromatograms o f  9-(N-methylaminornethyl)-anthracene reagent  and urea  
d e r i v a t i v e s .  Isocyanate c o n c e n t r a t i o n s :  1 .O u g  T D I  ( 3 5 / 6 5 ) / 1 0  m l  r e a -  
gent  abso rbe r  s o l u t i o n  and 1 .0  p g  M D I / 1 0  m l .  Column ( 5  x 200  m m ) :  
N u c l e o s i l  C1 . Chromatographic c o n d i t i o n s  as i n  F i g .  2 B .  D e t e c t i o n :  
(A)  UV a t  25g nm and 0.256 AUFS. 
( 8 )  Fluorescence, e x c i t a t i o n  (254 nm) and emiss ion  (412 nm). 
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A 

0 1 2 3 4 5 6 7 m i n  0 1  

FIGURE 8 

'\ 
k 

2 3 4 5 6  

- e 

i 
7 min 

Chrornatog rams of  9- (N-methy 1 ami nomethyl ) -an th  racene reagent  and u rea  
d e r i v a t i v e s .  I socyana te  c o n c e n t r a t i o n s :  0 .5 p g  H D I / 1 0  rnl reagent  ab- 
so rbe r  s o l u t i o n  and 1 .0  ug  M D I / 1 0  rn l .  Column (5 ~ 2 0 0  mm): N u c l e o s i l  

:aY"" a t  254 nm and 0.256 AUFS. 
( B )  Fluorescence, e x c i t a t i o n  (254 nm) and emiss ion  (412 nm). 

Chromatographic c o n d i t i o n s  as i n  F i g .  2 B.  D e t e c t i o n :  
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9 88 SANG0 AND ZIMERSON 

Fluorescence de tec t i on  

The ureas formed on reac t i on  between 9-(N-methylaminomethyl)- 

anthracene and isocyanates can a l s o  be assayed using f luorescence 

de tec t ion .  I n  Figs. 7 and 8 the chromatograms obtained f o r  two mix- 

tures of urea de r i va t i ves ,  using e i t h e r  a UV- o r  a f luorescence de- 

t e c t o r ,  a re  presented. The a t t a i n a b l e  de tec t i on  l i m i t s  on f luorescence 

de tec t i on  depend on the s e n s i t i v i t y  o f  the de tec to r  used. I n  the pre- 

A 
ex: 200-400 nm 
em: 4 12nm 

I 

B 
ex: 254 nm 
en:350-480nm 

351 
I 
200 380 4dO nm 

FIGURE 9 

Emission spectrum (6 )  and e x c i t a t i o n  spectrum ( A )  of the H D I  urea 
de r i va t i ve .  The spectra were obtained using "s topped-f l d ' c o n d i  t ions. 
Chromatsgraphic cond i t ions  as i n  F i g .  2 8. Spectrum o f  H D I  de r i va -  
t i v e ,  corresponding t o  0.5 ug H D I / 1 0  m i  reagent absorber s o l u t i o n  
( 1 ) .  Spectrum o f  background (21 ,  
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REAGENT FOR ISOCYANATE DETERMINATION 9 89 

sen t  case, where a Perk in-Elmer MPF-2 A d e t e c t o r  was employed, t h e  

d e t e c t i o n  l i m i t s  f o r  TDI, M D I  and H D I  a r e  about  t h e  same as for  UV- 

d e t e c t i o n  a t  254 nm, i.e. abou t  1 * lo-' mg/m3. 

However, t h e  d i f f e r e n t  s e n s i t i v i t i e s  f o r  2.6- and 2.4-TD1, u s i n g  

t h e  two d e t e c t i o n  modes, i s  notewor thy.  A Comparison between t h e  UV- 

and f l uo rescence  chromatograms shows t h a t  t h e  r e s o l u t i o n  i s  somewhat 

b e t t e r  when UV-de tec t i on  i s  used due t o  t h e  f a c t  t h a t  t h e  UV-detec- 

t o r  had a c e l l  volume o f  10 u1 w h i l e  t h a t  o f  t h e  f l uo rescence  de tec -  

t o r  was 40 l.11. 

F i g .  9 shows t h e  emiss ion  and e x c i t a t i o n  s p e c t r a  o f  t h e  HDf-de- 

r i v a t i v e .  These s p e c t r a  were taken  under "stopped f l ow"  c o n d i t i o n s  

and t h e  amount o f  HDI  i s  25 ng, co r respond ing  t o  about  0 .03  mg/m3 

f o r  a 15 t a i r  sample. The co r respond ing  s p e c t r a  for  t h e  TDI and 

M D I  urea d e r i v a t i v e s  a re ,  as expected,  s i m i l a r  t o  those  i n  F i g .  9 .  
I t  i s  e v i d e n t  t h a t  by u s i n g  f l uo rescence  d e t e c t i o n  i n t e r f e r e n c e  

f r o m  UV-absorbing non f luo rescen t  compounds can b e  avoided.  Because 

o f  t h e  p o s s i b i l i t y  t o  change e x c i t a t i o n  as w e l l  as e m i s s i o n  wave- 

l eng ths ,  c e r t a i n  f l u o r e s c e n t  impur i ' t i es  can a l s o  be e l i m i n a t e d .  

I t  i s  a l s o  p o s s i b l e  t o  e s t a b l i s h  t h e  i d e n t i t y  o f  a peak i n  the 

f l uo rescence  spect rum by r u n n i n g  i t s  em iss ion  and e x c i t a t i o n  spec- 

t r a .  However, decomposi t ion p roduc ts  formed f rom the  reagent  cannot 

g e n e r a l l y  be d i s t i n g u i s h e d  by t h e i r  s p e c t r a ,  which a r e  s i m i l a r  t o  

those o f  the ureas.  
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