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ACTIVE TBC IN RUTADIENE BY HPLC 

A .  C .Oomens and F . G . Schuurhuis 
Analytical Development Department 

Dow Chemical (Vederland) bv 
Terneuzen, The Netherlands 

and 

N.E .Skelly 
Analytical Laboratories 

now Chemical Michigan Division 
Midland, U.S.A. 

ABSTRACT 

A high performance l i q u i d  chromatographic method has 
been developed for the determination o f  active 4-tert-butyl- 
catechol (TBC) in 1,3-butadiene. Following evaporation of the 
butadiene from an aqueous m-nitrophenol internal standard 
solution, a 2O-microliter aliquot i s  injected onto a reversed- 
phase l f q u i d  chromatographlc column. Recovery o f  TBC was 
found to be quantitative over a 17-242 ppm range with a rela- 
tive standard deviation of 7.8%. 

INTRODUCTION 

The po 1 yme r 1 z a t 1 on 1 nh i h i tor 4 - t e r t - bu t y 1 cat e cho 1 ( T RC ) 
or ~-(l,l-dimethylethyl)-l,2-benzenediol in 1,3-butadiene 
has been historically determined by colorimetric methods such 
as ASTW method Dl157 (ref 1 ) .  In these methods the catechol 
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is deliberately oxidized to the colored quinone which is mea- 
sured by a suitable photometer. This means, however, that 
these methods are not able to differentiate between the acti- 
- ve inhibitor and its oxidized, inactive, form. Therefore, a 
method that specifically measures the concentration of the 
active inhibitor would he o f  considerable importance for 
industry with respect to butadiene stability during shipping, 
storage and immediately prior t o  polymerization. We have de- 
veloped an analytical method for the determination of the 
active TBC in liquid butadiene. 

MATERIALS 

Apparatus : 

A modular HPLC has been used throughout this investiga- 
tion. A Waters M600QA pump or a Spectra-Physics SP87OO pump 
were applied as a solvent delivery system. Reversed-phase 
columns included LiChrosorb@RP-18 10 micron or Hypersil ODS 
packings. A LDC model 1203 UV detector was used with wave- 
length set at 280 nm. In all cases, a Valco injection valve 
with a twenty-microliter fixed loop was applied. The unit was 
interfaced with a Hewlett-Packard 3354 Laboratory Data System. 

Reagents : 

All reagents were of recognized analytical grades such 
as TRC (BDH 275201, m-nitrophenol (Raker 13571, methanol (4a-  

ker 8 0 4 5 ) ,  acetic acid (Baker 6 0 5 2 )  and chloroform (Baker 
7386). Deionized water from a Mi111-(3@ system (~lllipore Cor- 
poration) was used as the extraction liquid. Inhibitor-free 
butadiene samples in stainless steel containers equipped with 
an inlet and an outlet valve came directly from our produc- 
tion plant. 
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C h r o m a t o g r a p h i c  c o n d i t i o n s  : 

Column : 250 x 4.6 mm,  r e v e r s e d - p h a s e  p a c k i n g  
E l u e n t  : m e t h a n o l / w a t e r / a c e t i c  a c i d ,  6 7 / 3 2 / 1  by volume 
Flow r a t e  : 1.5  mL/min. 
D e t e c t o r  : 280 nm 
I n j e c t i o n  : 20 m i c r o l i t e r  v i a  f i x e d  l o o p  

METHOD 

Cool s a m p l e  c o n t a i n e r  a n d  a 25-mL g r a d u a t e d  c y l i n d e r  t o  
a b o u t  -20 degC. Weasure 25 mL of l i q r i l d  s a m p l e  I n t o  t h e  gra- 
d u a t e d  g l a s s  c y l i n d e r .  P o u r  t h e  s a m p l e  i n t o  a 50-mL v i a l  
c o n t a l n l n g  25  mL of i n t e r n a l  s t a n d a r d  s o l u t i o n  ( 2 5  mg m-ni-  
t r o p h e n o l  p e r  l i t e r  of water )  and  a l low t h e  b u t a d l e n e  t o  e v a -  
p o r a t e  a t  room t e m p e r a t u r e  i n  a fume hood.  A f t e r  t h e  i i ~ p e r  
o r g a n i c  l a y e r  h a s  c o m p l e t e l y  e v a p o r a t e d ,  c l o s e  t h e  v i a l  a n d  
s h a k e  t h e  c o n t e n t s  f o r  o n e  m i n u t e .  I n j e c t  t h e  r e s u l t i n g  
e x t r a c t  i n t o  t h e  c h r o m a t o g r a p h  and o h t a l n  peak  areas  f o r  T R C  

and  t h e  i n t e r n a l  s t a n d a r d  ( I S ) .  The r a t i o  o f  peak  areas T R C /  

I S  i s  u s e d  f o r  q u a n t i t a t i o n .  A c a l i b r a t i o n  g r a p h  1s p r e p a r e d  
by a n a l y z i n g  s o l u t i o n s  o f  T R C  I n  water w i t h  a c o n c e n t r a t i o n  
r a n g e  o f  0-150 mg/L .  T h e s e  s o l u t l o n s  a r e  p r e p a r e d  by a d d i n g  
0-150 m i c r o l i t e r  a l i q u o t s  o f  a s o l u t i o n  c o n t a i n i n g  2.50 g T R C  
i n  1 0 0  mL c h l o r o f o r m  t o  25-mL a l i q u o t s  of t h e  I n t e r n a l  s t a n -  
d a r d  s o l u t i o n .  

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

F i g u r e  l a  d e p i c t s  a t y p i c a l  chromatogram f o r  a s a m p l e  
c o n t a i n i n g  134 mg TBC p e r  l i t e r  l i q u i d  h u t a d i e n e  s a m p l e d  a t  
- 20 d e g r e e s  C .  T h i s  c o r r e s p o n d s  t o  (134 /0 .6681=1  200 mg TRC 

p e r  kg  l i q u i d  h u t a d i e n e  (ppm by w e i g h t ) .  
L i n e a r i t y  o f  r e s p o n s e  i s  e x c e l l e n t  as  s h o w n  I n  f i g u r e  2 .  

The r e p e a t a b i l i t y  of t h e  p r e s c r i b e d  a n a l y t i c a l  method 
was rietermirled by a n a l y z i n g  a n  a c t u a l  sample 1 0  t imes,  5 ti- 
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Figure 1 : Chromatograms. 
l a  Normal sample ex t rac t  ( I S  = m-nitrophenol), 
l b  Same solution with addition of NaOH, a f te r  1 minute. 

l c  Same as l b ,  except a f t e r  10 minutes. 

mes on two s u c c e s s i v e  d a y s .  A mean c o n c e n t r a t i o n  o f  95 mg/kg 
was o b t a i n e d  w i t h  a r e l a t i v e  s t a n d a r d  d e v i a t i o n  o f  1 . 9 % .  

The a b s o l u t e  r e c o v e r i e s  of t h e  i n h i h i t o r  were d e t e r m i n e d  
b y  adding known a m o u n t s  of  TBC from a c h l o r o f o r m  s o l u t i o n  
t o  i n h i b i t o r - f r e e  b u t a d i e n e  i n  s t a i n l e s s  s t e e l  c o n t a i n e r s .  
T h e s e  s p i k e d  s a m p l e s  were t h e n  e x t r a c t e d  a n d  m e a s u r e d  i n  
t h e  normal  m a n n e r .  R e c o v e r y  was q u a n t i t a t i v e  w i t h i n  t h e  c x p e -  
r i m e n t a l  e r r o r  of t h e  method as shown in T a b l e  I .  
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Figure 2: Calibration graph. 
Regression data:  slope 1.511SE-02, intercept 1.5079E-02, 
correlation coefficient 0.9987. D
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I n  o r d e r  t o  d e m o n s t r a t e  t h a t  w i t h  t h i s  method o n l y  t h e  
a c t i v e  form o f  TBC i s  m e a s u r e d ,  t h e  f o l l o w i n g  e x p e r i m e n t  was 
p e r f o r m e d .  To  2 5  mL o f  a n  a q u e o u s  e x t r a c t  ( f i g u r e  l a )  2 0 0  

mic ro l i t e r s  o f  sodium h y d r o x i d e  s o l u t i o n  (4N) was added ,  s h a -  
k e n  f o r  1 m i n u t e  a n d  i m m e d i a t e l y  c h r o m a t o g r a p h e d .  F i g u r e  l b  

shows t h e  d e c r e a s e  o f  t h e  TRC peak  w h i l e  o x i d a t i o n  p r o d u c t s ,  
l a h e l e d  ( h ) ,  ( c )  and  ( a ) ,  a r e  a p p e a r i n p , .  After a n o t h e r  9 m i -  
n u t e s  t h e  m i x t u r e  was i n j e c t e d  a g a i n  w i t h  t h e  r e s u l t s  v i z u a -  
l i z e d  i n  f i g u r e  l c .  Now the  TBC peak  h a s  a l m o s t  c o m p l e t e l y  
d i s a p p e a r e d  and  a n o t h e r  r e a c t i o n  p r o d u c t ,  ( a ) ,  h a s  a p p e a r e d .  

An e x p e r i m e n t  was u n d e r t a k e n  t o  i s o l a t e  and i d e n t i f y  t h e  
a q u e o u s - c a u s t i c  o x i d a t i o n  p r o d u c t  o f  TRC.  A 25-mg s a m p l e  
of TRC was d i s s o l v e d  i n  0.5N sodium h y d r o x i d e .  A i r  was buh-  
b l e d  t h r o u g h  t h e  s o l u t i o n  a t  a r a t e  o f  a p p r o x i m a t e l y  f l v e  
b u b b l e s  p e r  s e c o n d  f o r  t e n  m i n u t e s .  The s o l u t i o n  w a s  p l a c e d  
i n  a s e p a r a t o r y  f u n n e l ,  a c i d i f i e d  w i t h  d i l u t e  s u l f u r i c  a c i d ,  
a n d  e x t r a c t e d  w i t h  5 mL of c h l o r o f o r m .  T h e  c h l o r o f o r m  e x t r a c t  
was washed w i t h  a n  e q u a l  volrime of  water and e v a p o r a t e d  i i n d e r  
a stream o f  n i t r o g e n .  

E x a m i n a t i o n  of t h e  r e s i d u e  by I R ,  NNR a n d  MS, t o g e t h e r  
w i t h  e l e m e n t a l  a n a l y s i s ,  p r o v e d  t h e  o x i d a t i o n  p r o d u c t  t o  b: 

OH 

2-tert-butyl-5-hydroxy-p-benzoquinone 

I n j e c t i o n  of t h i s  compound i n t o  t h e  l i q u i d  c h r o m a t o g r a p h  

u n d e r  t h e  c o n d i t i o n s  u s e d  f o r  t h e  TBC a n a l y s i s  g a v e  a p e a k  
t h a t  had a n  i d e n t i c a l  r e t e n t i o n  t ime  as  p e a k  ( d )  i n  f i g u r e  l c .  
However, s i n c e  t h i s  peak  was g e n e r a t e d  by a l k a l i n e  o x i d a t i o n  
of TBC, i n  t h e  b u t a d i e n e  i t  may be d i f f e r e n t  t h a n  o x i d a t i o n  
p r o d u c t s  t h a t  r e s u l t  from n o r m a l  s t o r a g e  o f  t h e  p r o d u c t .  
P i l a r  e t  a1 ( re f  2) made a n  e l e c t r o n  p a r a m a g n e t i c  r e s o n a n c e  
( E P R )  s t u d y  on t h e  mechanism o f  t h e  a u t o x i d a t i o n  of  4 - te r t -  
h u t y l c a t e c h o l  a n d  showed 2-tert-butyl-5-hydroxy-p-benzoquino- 
n e  t o  h e  t h e  f i n a l  p r o d u c t .  The mechanism w a s  i n  a g r e e m e n t  
w i t h  t h a t  o f  S t o n e  and Waters ( re f  3 ) .  
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S i n c e  t h e  m o b i l e  p h a s e  I n  t h e  d e s c r i b e d  p r o c e d u r e  is 
a c i d i c ,  t h e r e  was some c o n c e r n  as t o  t h e  d u r a b i l i t y  of t h e  

HPLC p a c k i n g .  U s i n g  a p n e u m a t i c a l l y - o p e r a t e d  i n j e c t i o n  v a l v e ,  
a s o l u t i o n  of I n h i b i t o r  w i t h  i n t e r n a l  s t a n d a r d  was a u t o m a t l -  
c a l l y  i n j e c t e d  36 times a day  for 6 weeks ,  o v e r  1500 i n j e c -  
t i o n s  i n  all. T h e r e  was n o  l o s s  I n  column e f f i c i e n c y  o v e r  t h e  

p e r i o d  of t h e  t e s t .  
I t  is c o n c l u d e d  t h a t  a r e l i a b l e  and  a n  a c c u r a t e  analyti- 

ca l  method h a s  b e e n  d e v e l o p e d  t h a t  e n a b l e s  t h e  s p e c i f i c  mea- 
s u r e m e n t  of a c t i v e  TRC i n  l i q u i d  h u t a d i e n e .  
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