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DETERMINATION OF ISOCYANIC ACID I N  A I R  
BY HIGH PERFORMANCE LIQUID CHROMATOGRAPHY 

J. E. McClure 
P. L. Stehman 

American Cyanamid Company 
P. 0. Box 60 

Stamford,  Conn. 06904 

ABSTRACT 

Isocyanic  a c i d  i n  a i r  is determined q u a n t i t a t i v e l y  by collec- 
t i o n  i n  a scrubber  s o l u t i o n  of N-4-ni trobenzyl-N-n-propylamine , 
The urea  d e r i v a t i v e ,  which i s  formed, is determined by u s i n g  
reverse phase high performance l i q u i d  chromatography. 

INTRODUCTION 

Low l e v e l s  of a i r b o r n e  i s o c y a n a t e s  have been measured by a 

v a r i e t y  of  techniques  such as c o l o r i m e t r y  1 1, gas chromatography 

( 2 , 3 , 4 )  and high performance l i q u i d  chromatography (HPLC), ( 5 , 6 ) .  

The c o l o r i m e t r i c  approach t o  t h e  d e t e c t i o n  of i s o c y a n a t e  is l i m i t -  

e d  t o  aromatic i s o c y a n a t e s ,  and t h e r e f o r e  cannot  be used f o r  the 

de termina t ion  of i s o c y a n i c  a c i d  (HNCO). G a s  chromatography can be  

used to determine HNCO i n  t h e  gas  phase ( 7 ) .  However, this ap- 

proach is n o t  a t t rac t ive  i n  s i t u a t i o n s  where i s o c y a n i c  a c i d  must 

be  c o l l e c t e d  a t  a remote (e.g., p l a n t )  s i te  and measured a t  a 

later d a t e  because HNCO may decompose b e f o r e  it can be analyzed.  

The gas chromatographic  approach a l s o  r e q u i r e s  the a v a i l a b i l i t y  of 

a s tandard  s o l u t i o n  of HNCO f o r  c a l i b r a t i o n .  
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2152 MC CLURE AND STEHMAN 

The most a t t r a c t i v e  approach to  t h e  measurement of l o w  l e v e l s  

of HNCO i n  a i r  is a method i n  which t h e  HNCO is t rapped  and s t a b i l -  

i zed .  Such a n  approach i s  o f f e r e d  by a method i n  which HNCO is 

r e a c t e d  w i t h  a secondary  amine to  form a s t a b l e  urea  d e r i v a t i v e .  

The urea  is s u b s e q u e n t l y  measured by KPLC with W d e t e c t i o n .  This 

approach w a s  d e s c r i b e d  f o r  the measurement of s e v e r a l  aromatic iso- 

cyanates  ( 5 , 6 ) .  T h i s  paper d e s c r i b e s  the use of a d e r i v a t i z a t i o n  - 
high  performance l i q u i d  chromatographic  method for t h e  measurement 

of HNCO i n  a i r  a t  c o n c e n t r a t i o n s  over  a range from 0.05 to 25 ppm 

(v/v) .  The e f f e c t  of  humidi ty  h a s  a lso been s t u d i e d .  The prepara- 

t i o n  of a s t a b l e  u r e a  d e r i v a t i v e  f o r  i n s t r u m e n t  c a l i b r a t i o n  i s  also 

descr ibed .  

MATERIALS 

Apparatus 

A Spect ra -Phys ics  SP-8000B High Performance Liquid  Chromato- 

graph wi th  SP-8310 W / V i s i b l e  D e t e c t o r  (254 nm) and a Micromeritics 

A u t o i n j e c t o r  wi th  a 100-& sample loop w a s  used. The column w a s  a 

4.6-mm ID x 250 mm s t a i n l e s s - s t e e l  column packed with P a r t i s i l - 5  

O D s ,  5 micron (Whatman C a t .  No.  4220-104). Scrubbers  (30-mL capa- 

c i t y )  were o b t a i n e d  from A c e  G l a s s  ( P a r t  No. 7530-05). A Mine 

S a f e t y  Appliances  Pump, Model S, w a s  used f o r  sample c o l l e c t i o n .  

Reagents 

The n i t r o  r e a g e n t  (N-4-nitrobenzyl-N-n-propylamine ) w a s  

ob ta ined  as t h e  h y d r o c h l o r i d e  s a l t  from Aldr ich  (Cata log  No.  

22,191-0). Sodium hydroxide,  sodium s u l f a t e ,  to luene ,  t r i e t h y l -  

amine, HPLC g r a d e  a c e t o n i t r i l e ,  Typ  3A Molecular S ieves ,  and 

phosphoric  a c i d  w e r e  Baker Reagent Grade materials. 

M i l l i - Q  p u r i f i e d  (Millipore) water w a s  used. I socyanic  a c i d  

s o l u t i o n s  were made by d i l u t i o n  from a concent ra ted  ( 1 7 % )  s o l u t i o n  

of i s o c y a n i c  acid i n  t o l u e n e  ( U . S .  Pat  #4,364,913, American 

Cyanamid Co., December 1982). 
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METHODS 
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P r e p a r a t i o n  of N i t r o  Reagent 

Approximately 240 m g  of t h e  n i t r o  r e a g e n t  hydrochlor ide  w e r e  

d i s s o l v e d  i n  20 mL of d i s t i l l e d  water. 25 mL of 1N NaOH were add- 

ed  t o  p r e c i p i t a t e  t h e  nitro r e a g e n t  which w a s  then  e x t r a c t e d  with 

50 mL of toluene.  The t o l u e n e  e x t r a c t i o n  w a s  d r i e d  with-10 q 

NagSO4. The t o l u e n e  was  removed by e v a p o r a t i o n  and the f r e e  base 

w a s  d i l u t e d  t o  500 mt with HPLC grade  a c e t o n i t r i l e  which had been 

d r i e d  overn ight  with-25 g of molecular  s i e v e s .  The ni t ro  r e a g e n t  

should  be s t o r e d  i n  t h e  dark  and used no more t h a n  t h r e e  weeks. 

P r e p a r a t i o n  of  N-4-nitrobenzyl-N-n-propylurea 

Dissolve  5.0 g of N-4-nitrobenzyl-N-n-propylamine hydrochlor-  

i d e  (Aldrich Chemical t22191-0, 98%) i n  50 mL of w a t e r  i n  a 250 mL 

s e p a r a t o r y  f u n n e l  and add 25 mL of 5% NaOH. The f r e e  base w i l l  

s e p a r a t e  as a yel low o i l .  Add 50 mL t o l u e n e  and a g i t a t e  g e n t l y  

u n t i l  t h e  o i l  d i s s o l v e s .  D r a w  o f f  the aqueous l a y e r  and e x t r a c t  

it aga in  with 50 mL of to luene .  Combine the t o l u e n e  l a y e r s  which 

c o n t a i n  t h e  f r e e  base and f i l t e r  o f f  the i n s o l u b l e  whi te  s o l i d  

through Whatman #40 f i l t e r  paper. C o l l e c t  the t o l u e n e  f i l t r a t e  i n  

a 4-ounce b o t t l e  c o n t a i n i n g  10 g of anhydrous N a  $0 I+. Cap t h e  

bottle, shake g e n t l y  and allow t o  s t a n d  overn ight .  The theoretical 

amount of f r e e  n i t roamine  i n  t h e  t o l u e n e  s o l u t i o n  i s  4.13 g .  T h i s  

amount of amine w i l l  react t h e o r e t i c a l l y  with 0.91 g i s o c y a n i c  

ac id .  Decant the clear yel low-colored t o l u e n e  s o l u t i o n  i n t o  a 

250-mL s e p a r a t o r y  funnel .  Add s lowly  a measured volume of a t o l u -  

ene s o l u t i o n  of i s o c y a n i c  a c i d  (16 mL of s o l u t i o n  c o n t a i n i n g  7.7% 

HNCO W a s  used which is e q u i v a l e n t  t o  about  1.07 g HNCO). The 

s o l u t i o n  becomes t u r b i d  and s l i g h t l y  w a r m  d u r i n g  addi tgon  of t h e  

i s o c y a n i c  a c i d  s o l u t i o n ,  b u t  a f t e r  mixing, it changes t o  a clear 

yellow. A l l o w  t h e  s o l u t i o n  t o  s t a n d  f o r  an hour  and then e x t r a c t  

it twice with 50 mL of aqueous 0.1 N NaOH,  once wi th  50 mL of 0.1N 

HC1 and once wi th  50 mL H$. During the e x t r a c t i o n s  a small amount 
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2154 MC CLURE AND S T E W  

of waxy whi te  s o l i d  w i l l  p r e c i p i t a t e  ou t .  The s o l i d s  were k e p t  

w i t h  the t o l u e n e  l a y e r .  D i l u t e  t h e  to luene  l a y e r  t o  200 mL with  

t o l u e n e  and w a r m  gent ly .  The waxy s o l i d  w i l l  d i s s o l v e  t o  g i v e  a 

clear s o l u t i o n .  Cool the t o l u e n e  s o l u t i o n  i n  an ice b a t h  f o r  1 

hour. White c r y s t a l s  w i l l  form on the w a l l s  of the s e p a r a t o r y  

funnel .  Pour o f f  the to luene  and d i s s o l v e  t h e  c r y s t a l s  i n  t h e  

s e p a r a t o r y  f u n n e l  i n  60  m L  warm toluene.  T r a n s f e r  t h e  s o l u t i o n  t o  

a 150-mL beaker  and cool i n  an ice bath.  C r y s t a l s  w i l l  form on 

t h e  w a l l s  and bottom of the beaker. Pour o f f  t h e  t o l u e n e  and d r y  

the c r y s t a l s  i n  a vacuum d e s i c c a t o r  over Drierite. Remove the 

d r i e d  c r y s t a l s  from the beaker  and p u l v e r i z e  them wi th  a mortar 

and pestle. The y i e l d  is 1.56 g (31%)  and the product  has  a m e l t -  

i n g  p o i n t  of 92-95OC. 

The f o l l o w i n g  C, H, N v a l u e s  were o b t a i n e d  f o r  the product :  

Found 56.59 6 . 3 3  17.64 
Theory 55.68 5.95 17.71 

The proposed s t r u c t u r e  of the material w a s  confirmed by 

pro ton  NMR spectrometry.  

P r e p a r a t i o n  o f  N-4-Nitrobenzyl-N-n-Propylurea Standard  S o l u t i o n  

Approximately 15 mg ( t o  the n e a r e s t  0.05 mg) of t h e  u r e a  

d e r i v a t i v e  s t a n d a r d  w e r e  weighed i n t o  a 100 mL volumetr ic  f l a s k  

and d i l u t e d  t o  volume wi th  HPLC grade  a c e t o n i t r i l e  (15  mg of u r e a  

d e r i v a t i v e / 1 0 0  mL corresponds t o  27.2 m/mL HNCO). The s t a n d a r d  

s o l u t i o n  should be s t o r e d  i n  the dark and used w i t h i n  t w o  weeks. 

P r e p a r a t i o n  of Mobile Phase 

Ten mL of t r i e t h y l a m i n e  w e r e  added t o  990 mL of  M i l l i - Q  

p u r i f i e d  water. The p H  w a s  a d j u s t e d  t o  3.0 w i t h  phosphoric  a c i d .  

700 mL of this s o l u t i o n  w e r e  mixed wi th  300 mL of a c e t o n i t r i l e ,  

f i l t e r e d  through a 0.3 micron pore s i z e  g l a s s  f i b e r  f i l t e r  and 

degassed by s o n i c a t i o n  b e f o r e  use. 
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ISOCYANIC ACID IN AIR 2155 

C o l l e c t i o n  and Treatment  o f  Air Samples Which Contains  HNCO 

20 mL of ‘ 2  x 10- M n i t ro  r e a g e n t  were added t o  each of t w o  

sc rubbers .  The two s c r u b b e r s  were then  connected i n  series. A 

c a l i b r a t e d  a i r  pump was connected t o  the scrubber  t r a i n  and a i r  

w a s  drawn through the system a t  a rate of 0.5 L/min. The scrubber  

should  be wrapped w i t h  aluminum f o i l  i n  o r d e r  t o  minimize exposure 

of t h e  s o l u t i o n  t o  l i g h t .  Recommended sampling t i m e s  are shown i n  

Table  1. A blank should  be c o l l e c t e d  from an HNCO-free atmosphere 

for the same p e r i o d  of t i m e  that t h e  sample w a s  c o l l e c t e d .  

The s c r u b b e r s  w e r e  then  removed from the system and the con- 

t e n t s  of t h e  second s c r u b b e r  w a s  d i scarded .  The second scrubber  

w a s  .used t o  p r e v e n t  s m a l l  amounts of HNCO from g e t t i n g  i n t o  t h e  

pump. The f i r s t  s c r u b b e r  traps most of t h e  HNCO (see Table  3 ) .  

The s o l u t i o n  from the f irst  s c r u b b e r  was  t r e a t e d  as d e s c r i b e d  i n  

Table  2. A f t e r  t r e a t m e n t ,  the s o l u t i o n  is ready f o r  measurement 

by HPLC. 

Chromatographic Measurements 

The column w a s  e q u i l i b r a t e d  with t h e  mobile phase a t  40°C 

(ambient c o n d i t i o n s  can  be u s e d )  u n t i l  a s t e a d y  b a s e l i n e  w a s  

achieved.  A f low rate of 1.5 mL per minute w a s  used. L i n e a r i t y  

of response  of the HPLC system w a s  demonstrated by i n j e c t i o n  of 

TABLE 1 

Recommended A i r  Sampling Times 

C o l l e c t i o n  
A i r  Conc A i r  Conc. t i m e  a t  L i t e r s  Lq HNCO 
of HNCO of HNCO 0.5 L/min. C o l l e c t e d  expected 

50 ppm -0.1 q/m 4 min. 2 200 

5 Ppm 10 mg/m 20 min. 10 100 

50 PPb 0.1 mg/m 1 hour  30 3 

3 

3 

3 

3 
0.5 ppm 1 mg/m 1 hour  30 30 

--- Blank 4 min.- 1 hr. 2-30 
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TABLE 2 

MC CLURE AND S T E W  

Treatment  of Scrubber  Samples f o r  Chromatographic Measurement 

HNCO 
HNCO expected i n  

A i r  Conc. Scrubber  S o l u t i o n  Treatment  5 mL f l a s k  

3 50 ppm '0.1 g/m 

3 5 ppm 10 mg/m 

3 0.5 ppm 1 mg/m 

3 50 ppb 0.1 mg/m 

Blank Blank 

8 

D i l u t e  t o  25 mL with a c e t o n i t r i l e ,  8 

add 1 mL (from 25-mL f l a s k )  and 1 

mL a c e t o n i t r i l e  to  a 5-mL f l a s k ,  

d i l u t e  to  mark w i t h  the aqueous 

component of t h e  e l u t i n g  s o l v e n t .  

D i l u t e  t o  25 mL with  a c e t o n i t r i l e ,  

d i l u t e  2 mL (from the 25-mL f l a s k )  

t o  5 mL with  the aqueous component 

of t h e  e l u t i n g  s o l v e n t .  

Evaporate  t o - 2  mL, d i l u t e  t o  5 mL 

w i t h  the aqueous component of t h e  

e l u t i n g  s o l v e n t .  

Evaporate  t o  dryness ,  d i s s o l v e  i n  

0.5 mL a c e t o n i t r i l e ,  d i l u t e  to 5 mL 

with  e l u t i n g  s o l v e n t .  

Evaporate  t o  dryness ,  d i s s o l v e  i n  to.  5 

0.5 mL a c e t o n i t r i l e ,  d i l u t e  to  5 mL 

w i t h  e l u t i n g  s o l v e n t .  

6 

3 

s o l u t i o n s  which conta ined  3, 6 and 9 pg of HNCO moved (as t h e  urea  

d e r i v a t i v e )  i n  5 mL of t h e  e l u t i n g  so lvent .  These va lues  corres- 

pond t o  16.5, 33.1, and 49.6 pg of urea  d e r i v a t i v e / 5  mL. The urea 

d e r i v a t i v e  e l u t e s  a t  approximately 8.5 minutes. A l i n e a r i t y  p lo t  

(wi th  a d d i t i o n a l  c o n c e n t r a t i o n s )  is shown i n  F igure  1. Typica l  

chromatograms for the s t a n d a r d  and sample are shown i n  F igures  2 

and 3, r e s p e c t i v e l y .  The sample measurement w a s  c a r r i e d  o u t  by 

i n j e c t i n g  a sample and then  a s t a n d a r d  which gave a peak w i t h  
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HNCO urea derivative 

Peak Area ( X l o - 5 )  

FTGUFE 1. Micrograms of isocyanic acid 
vs peak area - 

1 I 

5 7.5 10 12.5 15 17.5 20 2.5 

Minutes 

FI- 2. Chromatogram of standard urea de r iva t ive .  
13.6 og (HNCO bas i s )  i n  4 mL. 1 mL d i lu t ed  
t o  10 mL. 100 pL (0.0340 pg) injected.  
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2158 MC CLURE AND STEHMAN 

I 

2.5 5 7.5 70 12.5 15 17.5 20 
Minutes 

F'If;uIF: 3 olromatogram of a sample. Tbtal residue 
dissolved in 4 mLI. 
100 pL injected, 0.0289 w found (as HEX)) 
or 11.6 pg IiNCO found in sample. 

1 lnL di luted to 10 mL, 

approximately the same area as the sample. A blank w a s  measured 

i n  a s i m i l a r  manner. 

Calculat ions 

Case 1 :  total sample ( a f t e r  complete or p a r t i a l  evaporation of 

a c e t o n i t r i l e )  is i n  a 5-mL f l a s k .  The standard is i n  a 5-mL f l a s k .  

(Spl  r e f e r s  to the scrubber s o l u t i o n ) .  
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ISOCYANIC ACID IN AIR 2159 

ug UNCO s p l  = [pg s t d  ( i n  5 mL) x peak area s p l  - ~g blank  
peak area s t d  

C a s e  2 :  t h e  scrubber  s o l u t i o n  has  been d i l u t e d  to  25 mL. An 

a l i q u o t  of t h e  scrubber  s o l u t i o n  (from t h e  25-mL f l a s k )  is d i l u t e d  

t o  5 mL (see Table  11). The s t a n d a r d  is i n  a 5-mL f l a s k .  

Iq HNCO spl = [lq s t d  ( i n  5 mL) x peak area spl  x 2 5 1  - p~ blank 
peak area s t d  A 

where A is the a l i q u o t  volume i n  mL. 

Blank 

Blank and s t a n d a r d  are i n  5-mL f l a s k s  

- 

pg "HNCO" blank = lq s t d  x peak area b lank  
peak area s t d  

Concent ra t ion  i n  Actua l  Atmospheres Tes ted  

where A = 
62.36 = 

'C = 
43 = 
v =  

Torr  = 

HNCO (v/v) si A(62.36) (273 + "C) 
43 ( V )  ( T o r r )  

HNCO c o l l e c t e d  i n  trap (from C a s e  1 or C a s e  2 )  
G a s  c o n s t a n t  
C o l l e c t i o n  tempera ture  
m o l .  wt. of HNCO 
T o t a r  volume of a i r  ( l i t e r s )  sampled 
Barometric p r e s s u r e  

RESULTS AND DISCUSSION 

Recovery Values 

The e f f i c i e n c y  of the n i t ro  r e a g e n t  sc rubber  system f o r  trap- 

p ing  HNCO w a s  determined by drawing known atmospheres of HNCO 

through t h e  scrubber  f o r  a f i x e d  t i m e .  Known a i r  c o n c e n t r a t i o n s  

of HNCO w e r e  genera ted  by cont inuous  ( s y r i n g e )  i n j e c t i o n  of a 

t o l u e n e  s o l u t i o n  of HNCO i n t o  a stream of air which w a s  being 

p u l l e d  through t h e  s c r u b b e r  system. A Sage pump w a s  used t o  d r i v e  

t h e  syr inge  a t  a c o n s t a n t  rate. The pump-syringe system w a s  ca l i -  
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ISOCYANIC ACID IN AIR 2161 

b r a t e d  by weighing l i q u i d  d e l i v e r e d  i n  one hour. Recovery v a l u e s  

were c a l c u l a t e d  from: 

% R~~~~~~~ i.g HNCO found i n  f i r s t  sc rubber  x 100 
HNCO/hour ( s y r i n g e - d e l i v e r y  ra te )  

x col lect ion time ( h o u r s )  

D a t a  shown i n  Table  3 i n d i c a t e  that breakthrough of HNCO i n t o  

t h e  second scrubber  i s  n e g l i g i b l e .  

Recovery va lues  f o r  g a s  phase HNCO over  a range from 55 ppb 

t o  24 ppm are shown i n  Table  3. N o  loss of HNCO w a s  observed when 

humidif ied a i r  w a s  used. The o v e r a l l  recovery i n c l u d i n g  a l l  the  

d a t a  shown is 96%. Recovery va lues  are based on t h e  c o n t e n t s  of 

t h e  f i r s t  sc rubber .  Only two va lues  w e r e  observed a t  or b e l o w  

70%. 
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