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H I G H  PEWORFIANCE LIQUID CHROMATOGRAPHIC 
DETERELIh'ATION OF N-METHYL-2-PYRROLIDONE Ih-' WATER 

D a r r y l  A. F r i c k  
PPG I n d u s t r i e s ,  I n c .  

P.C. Box 9 Bosanna Drive 
A l l i s o n  P a r k ,  ?A 15101 

ABSTRACT 
N-Methyl-2-pyrrolidone w a s  determined i n  water u s i n g  High 

Performance Liquid Chromatography. A d e t e r m i n a t i o n  r e q u i r e d  less 
t t a n  10 minktes  u s i n g  an o c t a d e c y l  r e v e r s e d  phase column and i s o c r a t i c  
e i u t i o n  w i t h  methano1:water (1C/90, V / V ) .  D e t e c t i o n  was a t  205 nm. 
SLID-part-per-billion Concent ra t ions  were determined w i t h o u t  precon- 
c e n t r a t i o n  by L a j e c t i n g  a 500 pL sample i n t o  t h e  chromatograph. 

INTRODUCTION 

S-X~thy1-2-pyrrol idone (XMP) i s  a versati le s o l v e n t  (1-5). It 

i s  v e r y  r n i s d b l e  w i t h  water and is recommended f o r  u s e  as a s o l v e n t  

fclr pestLCides (lj, resins ( 2 j ,  v i n y l  c o a t i n g s  (3), o r  as a g e n e r a l  

r e a c t i o n  s o l v e n t  ( 4 ) .  hTMp i s  a l s o  recommended as a s o l v e n t  f o r  some 

i n o r g a n i c  sa l ts  ( 5 ) .  

S i n c e  NMP i s  recommended f o r  s o  many u s e s ,  s e n s i t i v e  methods 

a r e  needed t o  d e t e r m i n e  i t s  c o n c e n t r a t i o n  i n  a v a r i e t y  of matrices. 

Methods used t o  d e t e r m i n e  h W  i n c l u d e  Thin Layer Chromatography 

(5,7) W Spect rometry  (8) and Gas Chromatography (9-11).  Scoggins  

aad S k u r c e n s k i  (11) developed a G . C .  method t o  de te rmine  t h e  NMP i n  

w a s t e  water. Although t h a t  method i s  s e n s i t i v e ,  t h e  method r e q u i r e s  

p x e c o n c e n t r a t i o n  of h W  p r i o r  t o  i t s  GC d e t e r m i n a t i o n .  

procedure  o u t l i n e d  i n  t h i s  paper  i s  e a s y ,  r a p i d  and r e q u i r e s  no sample 

p r e c o n c e n t r a t i o n  p r i o r  t o  NMP d e t e r m i n a t i o n .  

The HPLC 
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EXPERIMENTAL 

FKI CK 

-- Kzageiits and Apparatus : N-Methylpyrrolidone (Burdick and Jackson 

Lzbora tor ies ,  Inc .  , Muskegon, MI), HPLC grade  methanol and IIPLC 

grade  water (F i she r  S c i e n t i f i c ,  P i t t s b u r g h ,  PA) were used wi thout  

f u r t h e r  p u r i f i c a t i o n .  The HPLC appa ra tus  cons i s t ed  of a Waters 

Assoc ia tes  (Medford, MA) model M6000A p u p  and a model 450 

v a r i a b l e  wavelength d e t e c t o r .  A 4.5 x 250 mm, 5 pm, C-18 column 

(1BI.I Ins t rument ,  Y a l e s v i l l e ,  CT) w a s  used.  A Rheodyne ( C o t a t i ,  

CA) model 7125 i n j e c t o r  equipped w i t h  e i t h e r  a 100 uL or  500 p L  

s a n p l e  loop w a s  used.  Chromatographic peaks were recorded on a 

HExiett-Packard (Avondale, PA) model 3380A i n t e g r a t o r .  S igna l s  

*.<ere f i l t e r e d  through a Spectrum S c i e n t i f i c  Corp. (Newark, DE) 

1.021R f i l t e r  p r i o r  t o  be ing  s e n t  t o  t h e  r eco rde r .  

- Chramatographic Condit ions:  

methanol i n  water. 

i e t e c t i o n  w a s  a t  205 nm. The e l e c t r o n i c  f i l t e r  was set  a t  a cut -  

o f f  f requsncy of 0.02 Her tz  and a g a i n  of 1. The parameters  set 

on t h e  i n t e g r a c o r  w e r e  a s e n s i t i v i t y  of 0.30 mV/V and an  at tenu;  

a t i o n  of 8 .  

The mobile  phase cons i s t ed  of 10% 

A f low ra te  of 1 .5  mL minute-’ w a s  used and 

RESULTS AND DISCUSSION 

Trace a n a l y s i s  u s ing  High Performance Liquid Chromatography is 

plagued by n o i s e  problems. Base l ine  n o i s e  can l i m i t  t h e  s e n s i t i v i t y  

of a technique.  Noise is minimized i n  t h e  method ou t l ined  i n  t h i s  

paper through t h e  u s e  of  an  e l e c t r o n i c  f i l t e r .  It w a s  found t h a t  as 

a cut-off f requency of 0.02 Her tz ,  t h e  optimum f i l t e r i n g  was  ob ta ined .  

A t  a higher  cut-off f requency,  peaks were i n t e g r a t e d  i n  an  incons i s -  

t e n t  manner as n o i s e  sp ikes  sometimes t r igge red  t h e  beginning o r  end- 

ing  of peak i n t e g r a t i o n s ,  whi le  a t  a lower cut-off  f requency,  peak 

shapes were d i s t r o t e d .  

NMF’ was de tec t ed  adequate ly  a t  205 mi. Peak areas were increas-  

ed by decreas ing  t h e  wavelength, bu t  t h e  n o i s e  l e v e l  w a s  increased  

beyond t h e  amount t h a t  could be f i l t e r e d  o u t  by t h e  e l e c t r o n i c  

f i l t e r .  Above 205 nm, t h e  s e n s i t i v i t y  decreased .  The 
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R e t e n t i o n  t i m e  ( m i n u t e s )  

Figure 1. Chromatogram of 100 ppb of N-methyl-2-pyrrolidone 
( N M P )  i n  water.  Chromatographic conditions:  100 pL 
i n j ec t ion ,  i s o c r a t i c  e l u t i o n  wi th  methano1:water 
(10/90, V / V ) ,  separa t ion  on a C-18 column, de t ec t ion  
a t  205 mu. The t i c  marks ind ica t e  t h e  beginnings 
(negative) and endings (pos i t i ve )  of i n t eg ra t ions .  No 
attempt w a s  made t o  determine t h e  i d e n t i t i e s  of t h e  
other peaks i n  t h e  chromatogram. 
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F i g u r e  2 .  Chromatogram of 100 ppb of N-methyl-2-pyrrolidone 
(NMf ' )  i n  water. Chromatographic c o n d i t i o n s :  500 pL 
i n j e c t i o n ,  a l l  o t h e r  c o n d i t i o n s  t h e  same as F i g u r e  1. 
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Figure  3. C a l i b r a t i o n  graphs f o r  t h e  de te rmina t ion  of N-methyl- 
2-pyrrol idone i n  water. (a )  100 UL i n j e c t i o n ,  
(b) 500 pL i n j e c t i o n .  Chromatographic c o n d i t i o n s  as 
o u t l i n e d  i n  F igure  1. 
average of t h r e e  o r  f o u r  de te rmina t ions .  

Each p o i n t  r e p r e s e n t s  t h e  
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Figure  4 .  Chromatogrm. of 2 ppb N-methyl-2-pyrrolidone (NMP) 
i n  a c o o l i n g  water sample. Chromatographic c o n d i t i o n s  
are the same as i n  F i g u r e  2. 
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assignment of the NMP peak on t h e  chromatogram w a s  done through 

a comparison of peak areas f o r  a series of standards.  

I n i t i a l  work u t i l i z e d  a 100 pL i n j e c t i o n  volume t o  determine 

NMP. It was found, however, t h e  s i g n a l  us ing  t h a t  sample s i z e  

w a s  no t  s u f f i c i e n t  f o r  t h e  concent ra t ion  of NMP i n  a r e a l  sample. 

By increas ing  t h e  i n j e c t i o n  volume t o  500 pL, an  acceptab le  

s i g n a l  w a s  obtained. Chromatograms of 100 ppb of NMP i n  water 

determined us ing  100 p~ md 500 pL i n j e c t i o n  volumes are presented 

i n  Figures 1 and 2 .  It is  seen t h a t  t h e  500 pL i n j e c t i o n  r e su l t ed  

i n  a s i g n i f i c a n t l y  higher absorbance f o r  t h e  NMP peak. 

Cal ibra t ion  graphs f o r  both i n j e c t i o n  volumes are found in 
Figure 3 .  

over more than t h r e e  orders  of magnitude wi th  a c o r r e l a t i o n  

c o e f f i c i e n t  of 0.998. The 500 pL i n j e c t i o n  volume w a s  t e s t e d  

over six orders  of magnitude and t h e  response was a l s o  l i n e a r  w i th  

a c o r r e l a t i o n  c o e f f i c i e n t  of 0.997. 

The 100 ~. IL  i n j e c t i o n  volume y ie lded  a l i n e a r  response 

The method w a s  t e s t e d  by applying it t o  a sample of cooling 

water from a r e s i n  tank  r eac to r .  

conta in  2 ppb NMP. A r ep resen ta t ive  chromatogram of t h i s  s a m p l e  

i s  presented i n  F igure  4 .  

This  sample w a s  determined t o  

CONCLUSIONS 

High Performance Liquid Chromatography has been shown t o  be an 

e f f e c t i v e  technique i n  determining t r a c e  amounts of N-methyl-2- 

pyrrolidone i n  water.  Using i n j e c t i o n  volumes of 100 pL o r  500 

UL yielded c a l i b r a t i o n  graphs wi th  l i n e a r  responses from 0 .1  ppb t o  

100 ppm. 
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