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JOURNAL OF LIQUID CHROMATOGRAPHY, 3(2),  219-227 (1980) 

HIGH PERFORMANCE L I Q U I D  CHROMATOGRAPHIC ANALYSIS OF 
POLYMERIZATION INHIBITORS I N  ACRYLIC MONOMERS 

Timothy J. Mann 
Union Carbide Corporation 

P. 0. Box 50 
Bahnvi l le ,  Louis iana  70057 

ABSTRACT 
High performance l i q u i d  chromatographic methods a r e  descr ibed  

which provide  f o r  t h e  q u a n t i t a t i v e  de te rmina t ion  of p-hydroquinone 
i n  a c r o l e i n  and p-monomethyl e t h e r  of hydroquinone i n  t h e  e t h y l .  
n-butyl,  i so -bu ty l ,  and 2-ethylhexvl esters of a c r y l i c  ac id .  The 
procedures are f a s t ,  p r e c i s e ,  and a p p l i c a b l e  t o  i n d u s t r i a l  p rocess  
ana lyses ,  

INTRODUCTION 

Acrolein (2-Propenal). a c r y l i c  a c i d  (2-propenoic a c i d )  and 

i t s  esters are t h e  smallest compoundsto possess  bo th  an  e t h y l e n i c  

bond and a carbonyl group, and hence, are q u i t e  r e a c t i v e  and prone 

t o  polymer iza t ion .  

manufacture. s t o r a g e ,  and t r a n s p o r t a t i o n ,  po lymer iza t ion  i n h i b i t o r s  

a r e  added t o  t h e  monomers. 

To supres s  undes i r ab le  polymer iza t ion  dur ing  

Most commercial manufac turers  use p-hydroquinone (HQ) as t he  

i n h i b i t o r  f o r  a c r o l e i n  and p-monomethyl e t h e r  of hydroquinone 

(NMHQ) f o r  t h e  a c r y l i c  e s t e r s .  (HQ and MMHQ are used throughout 

t h e  a c r y l i c s  i n d u s t r y  t o  denote 1,4-dihydroxybenzene and 1-hydroxy 

-4 methoxybenzene. r e s p e c t i v e l y .  I n  view of t h e  i n d u s t r i a l  

acceptance of t h i s  nomenclature, t hese  des igna t ions  w i l l  be used 

throughout t h i s  paper.)  Typica l  i n h i b i t o r  concen t r a t ions  for HQ 

i n  a c r o l e i n  are 0.100-0.250% by w t . ,  wh i l e  t he  concen t r a t ion  f o r  

MMHQ i n  a c r y l i c  esters normally ranges  from 10-60 ppm. 
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The indus t ry  acceptab le  co lo r ime te r l c  procedure f o r  HMRQ i n  

t he  e t h y l ,  n-butyl, l so-butp l ,  and P-ethylhexyl a c r y l i c  esters is 

known t o  be su8cep t ib l e  in i n t e r f e r e n c e  from several compounds. 

The h e r e i n  presented h igh  performance l i q u i d  chromatographic 

(HPLC) procedure is be l ieved  t o  be more s p e c i f i c  f o r  t h e  i n h i b i t o r  

spec ie s .  Likewise, t h e  spectrophotometric method f o r  HQ i n  acro- 

l e i n  is s u s c e p t i b l e  t o  i n t e r f e r e n c e .  It is a l s o  a r a t h e r  lengthy  

procedure r equ i r ing  approximately fo r ty - f ive  minutes t o  complete. 

I n  c o n t r a s t  t h e  HPLC method t akes  less than t e n  minutes. 

These methods vere developed f o r  use i n  an i n d u s t r i a l  p rocess  

labora tory .  They employ nea t  sample i n j e c t i o n s ,  i s o c r a t i c  so lvent  

systems, ambient tempcraturea,  and t h e  same a n a l y t i c a l  column. 

This allows both methods t o  be performed on one moderately-priced 

RPLC system. 

PTERIALS 

Eq u i pm en t 

Analyses ve re  performed on Waters ALC/CPC 201 l i q u i d  chroma- 

tograph (Waters Associates.  Mi l ford ,  Mass.) equipped wi th  U6K in- 

j e c t o r  and 6000 A model pump. The d e t e c t o r  employed vas a Varlan 

Varl-Chrom (Varian, Pa lo  Alto, C a . ) ,  t he  output  o f  which w a s  a t -  

tenuated v f t h  a 1OO:l r e s i s t o r  pad t o  provide compatabi l i ty  v i t h  a 

Linear Model 261 recorder  (Linear Ins t ruments ,  I m l n g ,  Ca.) oper- 

a t i n g  on a range of 0-1 mv and a c h a r t  speed of 20cmIhr. 

Separa t ions  were made on a 4.6 mm I . D .  x 2 5 0  mm column packed 

v i t h  LiChrosorb RP-2, 10 y p a r t i c l e  diameter.  suppl ied  by Brovnlee 

Labs (Santa Clara ,  Ca.). All so lven t s  and samples vere  f i l t e r e d  

by means of the Waters Solvent C la r i f$ca t ion  k i t  and the  Waters 

Sample C l a r i f i c a t i o n  k i t .  r e spec t ive ly .  

Chemicals 

The 2 ,2 ,4 - t r ime thy lpen tae  w a s  suppl ied  by Burdick and Jack- 

son Labora tor ies  (Muskegon, Michigan) and the  chloroform (in- 
h i b i t e d  wi th  0.75% e thanol )  by Mallinckrodt (S t .  Louis ,  Missour i ) .  
Both were spec t roqua l i ty .  The methanol w a s  commercial g rade  

supplied by Union Carbide Corporation. (Texas C i ty ,  Texas) 
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METHODS 

HQ I n  Acrolein 
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A ternary solvent  system of 20% 2.2.4-trimethylpentane, 

79.20:! chloroform, and 0.80% methanol (v/v percent) w a s  uscd a t  a 
flow rate of 2.0 mlfmin.. The a n a l y t i c a l  wavelength employed w a s  

292 nm with a 16 nm bandwidth and an absorbance range of 0.5 AUFS. 
Samples were i n j e c t e d  neat  with i n j e c t i o n  volume varying between 

5 and 10 p1 according t o  the an t i c ipa t ed  concentrat ion range. 

MMHQ I n  Acrylic E s t e r s  

A solvent  system composed of 60% 2.2,4-trimethylpentane and 

40% chloroform. (v/v percent) w a s  used a t  a f law rate of 1 .5  m l f  

min.. A de t ec to r  wavelength of 292 nm with a 16 nm bandwidth and 

an absorbance range of 0.01 AUFS was used. 

w a s  used f o r  the norrhal concentration range of 0-30 ppm. 

concentration were analyzed by d i l u t i n g  t h e  sample w i t h  an ap- 

p ropr i a t e  amount of the  chromatographic solvent  t o  keep the  W Q  

peak within the  range of the c a l i b r a t i o n  curve. 

A 10 p1 neat  i n j e c t i o n  

Higher 

D I S C U S S  ION 

The co lo r ime t r i c  procedure f o r  the determination of MMHQ i n  

a c r y l i c  e s t e r s  involves the r eac t ion  of MMHQ with n i t r o u s  acid 
from aqueous sodium n i t r i t e .  The r eac t ion  r e s u l t s  i n  an e q u i l i -  

b ra t ing  n i t r o s o  de r iva t ive  (see f i g u r e  1) which is  measured spectro-  

photometrically.  While the procedure has  adequate s e n s i t i v i t y ,  i t  

lacks s p e c i f i c i t y ,  a s  s e v e r a l  compounds have been s h a m  t o  i n t e r f e r e .  

I t 's  precis ion and accuracy can a l s o  be a f f ec t ed  by i n s t a b i l i t y  of 

the sodium n i t r i t e  so lu t ion .  

FIGURE 1: Reac t ion  of MMHQ a n d  N i t r o u s  acid 
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The spectrophotometric de te rmina t ion  of HQ i n  a c r o l e i n  en- 

tai ls  t h e  vacuum evapora t ion  of t h e  a c r o l e i n  and subsequent uptake 

of t he  res idue  i n  methanol. This s o l u t i o n  i s  then analyzed 

spec t romet r i ca l ly  t o  determine t h e  HQ conten t .  This method is 

suscep t ib l e  t o  varioua i n t e r f e r e n c e s ,  although they a r e  not  be- 
l i eved  normally t o  be a problem. 

method, t he re fo re ,  is t he  a n a l y s i s  t i m e .  

The chief  disadvantage of t h i s  

While l i t t l e  d a t a  have been accumulated on the  s p e c i f i c i t y  of 

the  descr ibed  W L C  procedures,  t h e  au thor  has  encountered no prob- 

lems i n  t h i s  respec t .  Both methods e x h i b i t  good l i n e a r i t y  and, by 

na tu re  of the chromatographic process ,  are be l i eved  t o  be more 

s p e c i f i c  f o r  the i n h i b i t o r  spec ie s .  

As s t a t e d  ear l ier ,  acrylics are prone t o  polymerization. Poly- 

mer iza t ion  may b e  induced by W r a d i a t i o n  which r e s u l t s  i n  a poly- 

mer f i l m  on the  d e t e c t o r  c e l l  l ens .  

have been not iced  a f t e r  long pe r iods  of ope ra t ion .  This requ i r e s  

c leaning  the  ce l l  wi th  1:l n i t r i c  ac id .  The c leaning  frequency i n  

o u r  l abora tory  has been about six weeks, o r  a f t e r  approximately 

1000 analyses.  

cleaning the  c e l l .  

Reductions i n  s e n s i t i v i t y  

S e n s i t i v i t i e s  r e t u r n  t o  t h e i r  o r i g i n a l  range a f t e r  

Polymerization of the  a c r y l a t e  i n  the  W c e l l  

may be avoided by d e f l e c t i n g  the  W beam away from the  c e l l  dur ing  

the passage of the  monomer. This technique has been s u c e s s f u l l y  

used i n  the  a n a l y s i s  of polymerization i n h i b i t o r s  i n  t e t r ae thy lene -  
g lyco l  dimethacrylate.  (1) 

RESULTS 

MMHQ I n  Acry l ic  Esters 

A t y p i c a l  a n a l y s i s  of MMHQ i n  the  a c r y l i c  e s t e r s  is shown i n  

Figure 2 .  The four  a c r y l i c  esters e l u t e  toge the r  near  the  column 

void volume. 

lu t i on .  

The MMHQ e l u t e s  with good peak synrmetery and reso- 

Ca l ib ra t ion  is achieved through a n a l y s i s  of s o l u t i o n s  of 

To f a c i l i t a t e  known MMHQ concent ra t ions  i n  an a c r y l i c  e s t e r .  

s tandard  p repa ra t ion ,  the  a c r y l i c  ester is scrubbed v i t h  a sodium 

hydroxide s o l u t i o n  t o  remove MMEQ. When prepar ing  the  s t anda rds  
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min , 

FIGURE 2 :  Typical c h r o m a t o g r a m  of MMHC in acrylic esters 

i t  must be  remembered t h a t  MMHQ is a n a n t i o x i d e n t  and w i l l  d i m i n i s h  

i n  p u r i t y  d u r i n g  s t o r a g e .  T h e r e f o r e ,  f r e s h  MMHQ s h o u l d  be used 

f o r  c a l i b r a t i o n .  F i g u r e  3 i l l u s t r a t e s  a t y p i c a l  c a l i b r a t i o n  

curve.  

Q u a n t i t a t i o n  i s  achieved  by t h e  peak h e i g h t  method. Chart 

d i v i s i o n s  are used  f o r  peak measurements and y i e l d  a t  0 . 5  ppmlchar t  

d i v i s i o n  response .  which i s  q u i t e  adequate .  A d e n s i t y  c o r r e c t i o n  

f a c t o r ,  based  on t h e  r a t i o  of t h e  d e n s i t y  of  t h e  ester t o  be ana- 

lyzed  and t h e  d e n s i t y  of t h e  es ter  used f o r  c a l i b r a t i o n ,  i s  em- 

p loyed  t o  q u a n t i t a t e  t h e  d i f f e r e n t  esters. 

To compare t h e  HPLC p r o c e d u r e  w i t h  t h e  c o l o r i m e t r i c  method 

d i s c u s s e d  e a r l i e r ,  a sample was ana lyzed  t e n  times by e a c h  method. 

T h i s  t e s t i n g  r e s u l t e d  i n  a n  a v e r a g e  d i f f e r e n c e  between t h e  t w o  

methods of  0.28 ppm a t  t h e  14.5 ppm level. The s t a n d a r d  d e v i a t i o n s  

observed  w e r e  0.76 for  t h e  c o l o r i m e t r i c  method and 0.31 f o r  

t h e  HPLC method. 

HQ I n  A c r o l e i n  

F i g u r e  4 ,  r e p r e s e n t s  a t y p i c a l  HQ i n  a c r o l e i n  a n a l y s i s  by 

HPLC. 
A c r o l e i n  diner e l u t e s  between a c r o l e i n  and HQ and c o u l d  i n t e r f e r e  

R e s o l u t i o n  is seen t o  b e  v e r y  good,- is t h e  peak  shape .  
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FIGURE 3 :  Calibration curve of MMHQ in Acrylic Esters 
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FIGURE 4: Typical chromatogram of HQ in acrolein 
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Pk. Ht. (cd.) I 

0 -  c N N W 
ul 0 m o  

0 0  g o "  0 0  
(70 wt. HQ/solvent) 

FIGURE 5 : Calibration curve of HQ in the HPLC solvent  

if present i n  high concentrations. 

t o  i n t e r f e re  with the spectrophotometric procedure 

centrat ions,  as i t  absorbs at the ana ly t ica l  wavelength.) A l -  

though the presence of dimer in the acrolein could conceivably 

in t e r f e re  and complicate quant i ta t ion of the RPLC procedure, t h i s  

problem has not presented i t s e l f  when working with acrolein up t o  
two months old. 

(Acrolein dimer is ale0 known 
i n  high con- 

Due to  the lacrimal and polymerization properties of acrolein,  

its use as a cal ibrat ion medium w a s  precluded. Because of t h i s ,  

the  chrarPatographic solvent wan ueed as the standard medium. As 
with WQ, f resh  HQ must be used fo r  ca l ibra t ion  due to  its ra ther  

rapid oxidation a t  ambient conditions. 
typical  ca l ibra t ion  curves fo r  BQ i n  solvent. 

Figure 5 i l l u a t r a t e s  

Quant i ta t ion Is again done by thu peak height method using 

chart  divisions f o r  measurements. Because the IiPLC solvent was 

used ae the ca l lbra t ion  mixture, quant l ta t ion is somewhat compli- 
cated. Two fac tors  must be applied t o  convert the weight percent 
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HQ i n  HPLC so lvent  in the  c a l i b r a t i o n  curve t o  weight percent  HQ 

i n  ac ro le in .  

F i r s h w e  must c o r r e c t  f o r  the  d i f f e r i n g  d e n s i t i e s  of the  

so lvent  and ac ro le in .  Ratioing the  a c r o l e i n  g r a v i t y  (.844@20/20) 

and the  HPLC so lven t  g rav i ty  (1.3175@20/20), w e  ob ta in  a dens i ty  

co r rec t ion  f a c t o r  of 0.6406. 

NexSve must account f o r  ma t r ix  e f f e c t s ,  o r  the  e f f e c t  of 

a c r o l e i n  on the HQ peak. 

as seve re ly  a s  the  HQ i n  the  s t anda rds  s i n c e  i t  does no t  t r a v e r s e  

the  e n t i r e  system as a f r e e  band. peak is gener- 

a ted  i n  an ac ro le in  mat r ix  than i n  the  s tandard  mat r ix .  

The HQ band i n  a c r o l e i n  is no t  broadened 

Thus, a sha rpe r  

This f a c t o r  vaa exper imenta l ly  determined f o r  ten samples 

using the  average of dup l i ca t e  ana lyses .  The average f a c t o r  w a s  

determined t o  be 1.3284 wi th  a s tandard  dev ia t ion  of 0.0668. This 

f a c t o r  was a l s o  confirmed by the  method of add i t ions .  

Combining the  dens i ty  and mat r ix  f a c t o r s ,  we ob ta in  a HPLC 
cor rec t ion  f a c t o r  of 0.8510. Using t h i s  c o r r e c t i o n  f a c t o r  and the  

c a l i b r a t i o n  cume ,  t he  per-cent HQ i n  Acrolein may be ca l cu la t ed  

by equat ion  No. 1. 

HQX by wt./Acrolein-(concentration from c a l i b r a t i o n  curve) (1) 
x 0.8510 

When the  HPLC method was compared with t h e  spec t rophotometr ic  

procedure, the ana lys i s  of a s i n g l e  sample t e n  times by each 

method y ie lded  an average d i f f e r e n c e  of 0.0008% by w t .  a t  the  

0.08% by w t .  l eve l .  The observed s tandard  dev ia t ions  were 0.019. 
f o r  the  spectrophotometric method and 0.009 f o r  t he  HPLC procedure. 

CONCLUSIONS 

These HPLC procedures are f a s t  and p rec i se .  I n  add i t ion ,  

t h e i r  ins t rumenta l  parameters and a n a l y t i c a l  s i m p l i c i t y  allow t h e i r  

use by inexperienced chromatographers on a moderately p r i ced  HPLC 

system. Their u s e  by an i n d u s t r i a l  l abo ra to ry  should r e s u l t  in a 

reduction i n  the  c o s t  of determining i n h i b i t o r s  i n  a c r y l i c  com- 

pounds. 
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