
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 16 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Energetic Materials
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713770432

Development of reverse phase HPLC techniques for determination of
stabilizer depletion rates in high energy gas generator propellants
D. D. Rydera; G. D. Knowltona

a Chemical and Propulsion Sciences Dept., Talley Industries of Arizona, Mesa, Arizona

To cite this Article Ryder, D. D. and Knowlton, G. D.(1983) 'Development of reverse phase HPLC techniques for
determination of stabilizer depletion rates in high energy gas generator propellants', Journal of Energetic Materials, 1: 4,
349 — 365
To link to this Article: DOI: 10.1080/07370658308012325
URL: http://dx.doi.org/10.1080/07370658308012325

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713770432
http://dx.doi.org/10.1080/07370658308012325
http://www.informaworld.com/terms-and-conditions-of-access.pdf


DEVELOPMENT OF REVERSE PHASE HPLC TECHNIQUES 
FOR DETERMINATION OF STABILIZER DEPLETION RATES 

I N  H I G H  ENERGY GAS GENERATOR PROPELLANTS. 

D.D. Ryder and G.D. Knowlton 

Chemical and Propuls ion Sciences Dept., Ta l l ey  
I n d u s t r i e s  of Arizona, P.O. Box 849, Mesa, Arizona 

BBSTRACT 

Reverse phase high performance l i q u i d  

chromatographic methods have been developed for 

determining the  s t a b i l i z e r  conten t  i n  a n i t r a t e  ester 

p l a s t i c i z e d  gas generator  p rope l l an t .  The accuracy and 

p r e c i s i o n  of t hese  methods are demonstrated by t h e  

r e su l t s  of s t a b i l i z e r  dep le t ion  ra te  de te rmina t ions  

obtained over a t h r e e  month a c c e l e r a t e d  ag ing  per iod.  

The s t ab i l i ze r s  i n v e s t i g a t e d  included diphenylamine 

(DPA) , 2-nitrodiphenylamine (2-NDPA) , 4-ni t rodi-  

phenylamine (4-NDPA), resorcinol and e t h y l  cen t ra l i te  

( E C ) .  Details of the  a n a l y t i c a l  technique and methods 

development w i l l  be discussed.  
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- 
One of t h e  c r i t i ca l  f a c t o r s  i n  t h e  aging of 

p r o p e l l a n t s  con ta in ing  n i t r o  and n i t r a t o  compounds is 

t h e  slow, spontaneous degrada t ion  of t hese  compounds t o  

g i v e  NO and NO2 1-3. Accumulation of t hese  oxides  of 

n i t r o g e n  i n  a p rope l l an t  can u l t i m a t e l y  l e a d  t o  a 

number of undes i r ab le  e f f e c t s ,  s p e c i f i c a l l y :  (1) 

se l f -hea t ing  and a u t o i g n i t i o n  of t h e  p r o p e l l a n t ,  ( 2 )  

excess ive  i n t e r n a l  gas  gene ra t ion  wi th  subsequent g r a i n  

c racking  and f i s s u r i n g ,  and (3 )  degrada t ion  wi th  

d e t e r i o r a t i o n  of p rope l l an t  mechanical p r o p e r t i e s  

1r4-7 .  The occurrence  of t h e  above e f f e c t s  can be de- 

layed by t h e  a d d i t i o n  of s e l e c t e d  a romat ic  amines ,  

s u b s t i t u t e d  ureas, and phenols  t h a t  scavenge t h e  

n i t rogen  oxides  1,517-9. 

To e v a l u a t e  t h e  e f f e c t i v e n e s s  of va r ious  s t a b i -  

l i z e r s  i n  a s p e c i f i c  p r o p e l l a n t ,  it is d e s i r a b l e  t o  

determine t h e  r a t e  of dep le t ion  of t h e s e  s t a b i l i z e r s  i n  

t h e  p r o p e l l a n t  s t o r e d  under a c c e l e r a t e d  ( e l eva ted  

t empe r a t  u re 1 a.ging co nd it i on s L 4  ,7 ,8 .  

S t a b i l i z e r  d e p l e t i o n  r a t e s  have been s tud ied  i n  a 

number of ways u t i l i z i n g  e x i s t i n g  chromatographic 

techniques--e.g. l i q u i d ,  gas ,  t h i n  l a y e r  

350 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



The d e p l e t i o n  rates and behavior  of s e l e c t e d  

s t a b i l i z e r s  i n  a n i t r a t e  ester p l a s t i c i z e d  g a s  gen- 

erator p r o p e l l a n t  were i n v e s t i g a t e d .  The s t u d y  re- 

q u i r e d  t h e  development of s e v e r a l  r e v e r s e  phase h igh  

performance l i q u i d  chromatographic  (RPHPLC) methods f o r  

t h e  s e p a r a t i o n  and q u a n t i t a t i v e  d e t e r m i n a t i o n  of t h e  

s t a b i l i z e r s  i n  t h e  new p r o p e l l a n t .  The f o l l o w i n g  

d i s c u s s e s  methods development work, i n t e r p r e t a t i o n  of 

a n a l y t i c a l  resul ts ,  and d e t e r m i n a t i o n  of s t a b i l i z e r  

d e p l e t i o n  r a t e s .  

EXPERIMENTAL 

S t a b i l i z e r s  

The f o l l o w i n g  s t a b i l i z e r s  were s e l e c t e d  f o r  

e v a l u a t i o n  i n  t h e  p r o p e l l a n t  a g i n g  program: 

Diphenyl amine (DPA) 

2-ni t rodiphenylamine (2-NDPA) &j 
4 - n i t  r o d i  pheny 1 am i n e  ( 4-NDPA) @@, 
1,3-benz e n e d i o l  (Resor c i n o l )  

HO 

N, N '  - d i e t h y l ,  N, K '  -diphenylurea (Ethyl c e n t  r a l i  t e )  

QfiD N N - C - N  

H5 c2 \c2H5 
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One p i n t  p r o p e l l a n t  mixes  con ta in ing  0.6% by 

weight of each s t a b i l i z e r  were prepared i n  a v e r t i c a l  

p l ane ta ry  Baker-Perkins mixer. One hundred gram cubes 

of each cured mix were p laced  i n  a 160°F oven f o r  

a c c e l e r a t e d  aging.  A t  c e r t a i n  ag ing  time i n t e r v a l s ,  

samples of each cube were removed and t h e  s t ab i l i ze r  

concen t r a t ions  determined. The rest  of t h e  mix was 

s t o r e d  a t  ambient cond i t ions  f o r  eva lua t ion  of i n i t i a l  

s t a b i l i z e r  concen t r a t ions .  

le Pre- 

The s o l u b i l i t y  of t h e  s t a b i l i z e r s  was eva lua ted  i n  

s e v e r a l  s o l v e n t s  t o  determine t h e  b e s t  s o l v e n t  f o r  

e x t r a c t i o n  of t h e  s t a b i l i z e r s  from t h e  p rope l l an t .  The 

s o l v e n t s  t es ted  included:  t e t r ahydro fu ran  (THF) , 
a c e t o n i t r  il e, methanol, d i c h l  or omethane, chloroform, 

ace tone ,  methyl e t h y l  ketone,  t r i c h l o r o e t h y l e n e ,  hexane 

and water.  THF was found t o  be t h e  most s u i t a b l e  

so lven t .  

Unaged p r o p e l l a n t  samples con ta in ing  each 

s t a b i l i z e r  were e x t r a c t e d  w i t h  THF. One gram samples 

from each cube were prepared a s  s l i c e s  and t r a n s f e r r e d  

i n t o  50 ml beakers .  The samples were initially 

e x t r a c t e d  i n  2 5  m l  of TBF f o r  1 2  hours. Af te r  

decant ing t h e  e x t r a c t ,  t h r e e  t o  four  additional 
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e x t r a c t i o n s  were performed by adding 20-25 m l  p o r t i o n s  

of f r e s h  s o l v e n t  t o  t h e  beakers .  Each of t h e  e x t r a c t s  

were combined i n  a 100 m l  v o l u m e t r i c  f l a s k  and d i l u t e d  

t o  volume w i t h  THF. 

Chemical Reaaas/Sta&&.uk 

The p u r i t y  of t h e  s t a b i l i z e r s ,  as c e r t i f i e d  by t h e  

vendor ,  ranged from 98-99.9% pure.  A l l  s o l v e n t s  used 

were Burdick and Jackson  h igh  p u r i t y  s o l v e n t s  (99.9% 

p u r e ) .  S t a n d a r d  s o l u t i o n s  of each s t a b i l i z e r  were 

p r e p a r e d  i n  THF a t  c o n c e n t r a t i o n s  of 0 . 0 2 ,  0 .04 ,  and 

0.06 mg/ml. 

Dmen t-ent a t  ion 

A l l  a n a l y s e s  were performed on a Waters  L i q u i d  

Chromatograph equipped w i t h  a Model 6000A pump, UK-6 

i n j e c t o r  system and a Model 4 4 0  absorbance detector se t  

a t  a wave l e n g t h  of 254 nm. The column was a Regis  

Hi-Chrom ( r e v e r s i b l e )  packed w i t h  f i v e  micron 

S p h e r i s o r b  c o a t e d  w i t h  o c t a d e c y l  s i l a n e  I1 ( C - 1 8 ) .  Data 

from a l l  a n a l y s e s  were recorded  on a Perkin-Elmer Sigma 

15 p r o c e s s o r / p l o t t e r  i n t e r f a c e d  wi th  t h e  Waters 

Chromatograph. 
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c a l  Tes t -  

Physical  c h a r a c t e r i s t i c s  of each p rope l l an t  mix 

were determined weekly. P rope l l an t  hardness  was 

measured using a Shore type A-2 hardness t e s t e r .  

Propel lan t  mass loss was determined on a S a r t o r i u s  t o p  

loading  balance accu ra t e  t o  rt 0 . 0 1  grams. 

-RESULTS AND D I  SCUSSIOlj 

The de te rmina t ion  of s t a b i l i z e r  d e p l e t i o n  r a t e s  i n  

t h e  n i  t r  a top1  a s t  i c i z  ed propel1 an t  s t u d i e d  requi  red the  

development of a l i q u i d  chromatographic method capable  

of s e p a r a t i n g  and q u a n t i t a t i v e l y  measuring t h e  

s t a b i l i z e r s  of i n t e r e s t .  

The i n i t i a l  a n a l y t i c a l  methods development 

involved the  s e l e c t i o n  of a so lven t  f o r  e x t r a c t i o n  of 

t h e  s t a b i l i z e r s  from unaged p r o p e l l a n t  samples. All 

f i v e  s t a b i l i z e r s  s tud ied  were found t o  be s o l u b l e  i n  

THF, a c e t o n i t r  il e, methyl ene ch lo r ide ,  chloroform, 

ace tone ,  and methyl e t h y l  ketone. THF was s e l e c t e d  a s  

t h e  e x t r a c t i o n  so lvent  because it had s e v e r a l  d e s i r a b l e  

c h a r a c t e r i s t i c s  inc luding:  p o l a r i t y ,  m i s c i b i l i t y  with 

water ,  and minimal U . V .  absorbance a t  2 5 4  nm. Standard 

s o l u t i o n s  of each of t h e  f i v e  s t a b i l i z e r s  were preFared 

i n  THF f o r  development of t h e  reverse  phase high 

performance l i q u i d  chromatographic (RPIIPLC) method. 

354 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



A f i v e  micron C-18 column was s e l e c t e d  f o r  t h e  

separa t ion  of t he  s t a b  il i z  er 8 ,  n i t  r a t  op l  as  t i c  i z  er s and 

o the r  p rope l l an t  ingredien ts .  I n i t i a l l y ,  t h e  

separa t ion  of t he  s t a b  il i z  er s and n i t  r a t o p l  as  t i c i z  er s 

was determined over a range of concent ra t ions  i n  t h r e e  

binary so lvent  systems--acetonitr  ile/ water, THF/water 

and methanol/water. The methanol/water and aceto- 

n i t r  i le/  water systems provided t h e  b e s t  s epa ra t ion  of  

t h e  components of i n t e r e s t .  The methanol/water system 

was s e l e c t e d  for refinement of t h e  RPHPLC method. A 

concent ra t ion  of 75% methanol and 25% water provided 

optimum sepa ra t ion  of t he  s t a b i l i z e r s  and n i t r a t o -  

p l a s t i c i z e r s  (See Fig. 1). 

The expected e l u t i o n  of 4-NDPA, 2-NDPA and DPA i n  

the  order  of decreas ing  p o l a r i t y  was not  observed i n  

t h e  th ree  b inary  so lvent  systems inves t iga t ed .  Although 

r eve r sa l  of t h e  expected e l u t i o n  order  of DPA and 

2-NDPA has been repor ted  i n  work performed by J.G. 

Carver lo and B.R. Richardson 11, no explana t ion  f o r  

t he  r eve r sa l  was provided. It  is proposed t h a t  t h e  

observed e l u t i o n  order  of t he  s t a b i l i z e r s  is due t o  

varying degrees  of hydrogen bonding wi th  t h e  mobile 

phase. It is poss ib l e  t h a t  in t ramolecular  hydrogen 

bonding i n  2-NDPA (amine hydrogen t o  n i t r o  oxygen) 
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reduces t h e  sites a v a i l a b l e  f o r  i n t e rmolecu la r  hydrogen 

bonding with t h e  mobile phase. Thus 2-NDPA would have a 

lower a f f i n i t y  for  t h e  mobile  phase than e i t h e r  t he  DPA 

or 4-NDPAf and t h e r e f o r e  e lu t e  l a s t .  This  would a l s o  

exp la in  t h e  lower s o l u b i l i t y  observed f o r  2-NDPA i n  

methanol . 
With t h e  success fu l  development of a method for  

s epa ra t ing  and q u a n t i t a t i n g  t h e  f i v e  s t ab i l i ze r s  and 

n i t r a t o p l a s t i c i z e r s ,  it was necessary  t o  o b t a i n  maximum 

e x t r a c t i o n  e f f i c i e n c y  of each s t a b i l i z e r  from t h e  

p rope l l an t .  Standard s o l u t i o n s  of each s t a b i l i z e r  and 

t h e  p r o p e l l a n t  e x t r a c t s  con ta in ing  each s t a b i l i z e r  were 

analyzed us ing  t h e  RPHPLC method developed. It was 

found t h a t  optimum e x t r a c t i o n  e f f i c i e n c y  of DPA, 

2-NDPA, 4-NDPA and e t h y l  c e n t r a l i t e  was achieved wi th  

THF using 4 success ive  e x t r a c t i o n s  over a 15 hour 

per iod.  The e x t r a c t i o n  e f f i c i e n c y  could not  be 

determined f o r  r e s o r c i n o l  due t o  a coe lu t ing  s p e c i e s  

t h a t  was s t rong ly  absorb ing  U.V. r a d i a t i o n  a t  254 nm. 

The observed i n t e r f e r e n c e  of a c o e l u t i n g  s p e c i e s  

dur ing  r e s o r c i n o l  de te rmina t ion  r equ i r ed  t h e  

development of an a l t e r n a t e  method of a n a l y s i s .  A 

t e r n a r y  s o l v e n t  system c o n s i s t i n g  of 50% H2o, 25% 

CH3CN, 25% THF, provided t h e  d e s i r e d  s e p a r a t i o n  of 
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r e s o r c i n o l  from t h e  c o e l u t i n g  s p e c i e s  (See Fig.  2 ) .  

With t h e  i n t e r f e r e n c e  problem reso lved ,  it was found 

t h a t  r e s o r c i n o l  could  be i s o l a t e d  from t h e  p r o p e l l a n t  

s l ices w i t h  t h e  p r e v i o u s l y  developed e x t r a c t i o n  

t e c h n i q u e s .  I t  was l a t e r  d i s c o v e r e d  t h a t  n i t r o g u a n i d i n e  

was t h e  i n t e r f e r i n g  species. 

The d a t a  genera ted  i n  t h e  method development was 

s u b j e c t e d  t o  an e r r o r  a n a l y s i s  t o  determine t h e  maximum 

e r r o r  and p r e c i s i o n  of t h e  RPHPLC t echniques .  The 

r e s u l t s  of an e r r o r  a n a l y s i s  performed on 4-NDPA 

s t a n d a r d s  and e x t r a c t s  of unaged p r o p e l l a n t  samples are  

shown i n  Table  1. The maximum e r r o r  was determined by 

adding t h e  percent  v a r i a t i o n  i n  t h e  response f a c t o r  t o  

t h e  e r r o r ,  a t  t h e  99% conf idence  l i m i t ,  f o r  each d a t a  

set  (minimum 3 d e t e r m i n a t i o n s ) .  T h i s  r e s u l t e d  i n  a 

maximum e r r o r  of st 3.0% f o r  2-MDPA and r e s o r c i n o l .  The 

maximum e r r o r  f o r  4-NDPA and DPA samples was less t h a n  

2.5%. T h i s  a p p l i e s  t o  a l l  unaged and aged p r o p e l l a n t  

samples analyzed.  
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TABLE 1. 

E r r o r  A n a l y s i s  f o r  Reverse Phase HPLC Determina t ion  of 
4-NDPA i n  P r o p e l l a n t  

Mass of Number of Area Standard  C o n c e n t r a t i o n  
p r o p e l l a n t  i n j e c t i o n s  c o u n t s  d e v i a t i o n  ( W t  %) 
sample (9) 

1.0396 6 1.9070 0.018 0.598 
1.016 6 1.8594 0.026 0.597 
1.1109 6 2.0632 0.015 0.606 
1.3047 6 2.4118 0 .021  0.603 

....................................................... 

Average 4-NDPA c o n c e n t r a t i o n  ( W t  % )  = 0.601 
P e r c e n t  v a r i a t i o n  of t h e  f o u r  samples  = 1.5 

Actua l  p r o p e l l a n t  s t a b i l i z e r  c o n c e n t r a t i o n  ( W t  2 )  = 0.60 

Average r e s p o n s e  f a c t o r  f o r  t h r e e  
4-NDPA S t a n d a r d s  ( flg/area count)  = 0.3262 5 0.0026 

The newly developed a n a l y t i c a l  t e c h n i q u e s  were 

u t i l i z e d  t o  de te rmine  t h e  d e p l e t i o n  r a t e s  of s e l e c t e d  

s t a b i l  i z e r s  i n  t h e  p r o p e l l a n t  undergoing a c c e l e r a t e d  

a g i n g  a t  160°. The i n i t i a l  c o n c e n t r a t i o n  of each 

s t a b i l i z e r  i n  unaged p r o p e l l a n t  samples was e s t a b l i s h e d  

d u r i n g  t h e  a n a l y t i c a l  methods development. The 

s t a b i l i z e r  c o n t e n t  i n  aged (160°F) p r o p e l l a n t  samples 

was then de termined  a t  i n t e r v a l s  over a t h r e e  month 

per iod .  Ethyl  c e n t r a l i t e  s t a b i l i z e d  p r o p e l l a n t  was 

e l i m i n a t e d  from t h e  s t u d y  because of r a p i d  p r o p e l l a n t  

d e t e r i o r a t i o n .  T h e  d e p l e t i o n  r a t e s  of t h e  remaining 

f o u r  s t a b i l i z e r / p r o p e l l a n t  systems were r e p r e s e n t e d  by 

358 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



t h e  s l o p e s  of t h e  s t a b i l i z e r  c o n c e n t r a t i o n  p l o t s  (see 

Fig.  3 ) .  The rates v a r i e d  from -0.00277 W t  %/day f o r  

2-NDPA t o  -0.00158 W t  %/day f o r  r e s o r c i n o l .  The high 

degree  of p r e c i s i o n  and accuracy  o b t a i n e d  when us ing  

t h e  newly developed RPHPLC methods are s u b s t a n t i a t e d  by 

t h e  c a l c u l a t e d  c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  p l o t t e d  

s t a b i l i z e r  d e p l e t i o n s  which ranged from 0.940 t o  0.996. 

The r e s u l t s  of t h i s  s tudy  showed t h a t  t h e  

r e s o r c i n o l  s t a b i l i z e r  was d e p l e t i n g  a t  t h e  s lowes t  ra te  

i n  t h e  p r o p e l l a n t  system. The r e s o r c i n o l  s t a b i l i z e d  

p r o p e l l a n t  a l s o  e x h i b i t e d  t h e  lowest  mass loss and t h e  

b e s t  r e t e n t i o n  of o r i g i n a l  mechanical p r o p e r t i e s  

(de te rmined  by Shore A h a r d n e s s  t e s t i n g )  when compared 

t o  t h e  o t h e r  s t a b i l i z e r / p r o p e l l a n t  systems (see Table  

2 ) .  These l a t t e r  resu l t s  l e n d  s u p p o r t  t o  t h e  outcome 

of t h e  RPHPLC a n a l y s e s .  

TABLE 2 .  

Changes i n  P r o p e l l a n t  P h y s i c a l  P r o p e r t i e s  wi th  Aging a t  
160°F 
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CONCLUSIONS 

Good p r e c i s i o n  and accuracy  was o b t a i n e d  wi th  t h e  

RPHPLC methods developed f o r  de te rmining  t h e  d e p l e t i o n  

r a t e s  of DPA, 2-NDPA, 4-NDPA and r e s o r c i n o l  s t a b i l i z e r s  

i n  a n i t r a t e  e s t e r  p l a s t i c i z e d  p r o p e l l a n t .  Reversal  i n  

t h e  expec ted  e l u t i o n  order  of c e r t a i n  s t a b i l i z e r s  (DPA 

and 2-NDPA) was observed and a t t r i b u t e d  t o  hydrogen 

bonding of t h e  s t a b i l i z e r s  w i t h  t h e  mobile phase. 

S t a b i l i z e r  d e p l e t i o n  r a t e s  were determined f o r  

DPA, 2-NDPA, 4-NDPA and r e s o r c i n o l  s t a b i l i z e d  

p r o p e l l a n t  which had undergone a c c e l e r a t e d  ag ing  a t  

160°F f o r  t h r e e  months. The resu l t s  i n d i c a t e d  t h a t  

r e s o r c i n o l  provided  t h e  b e s t  s t a b i l i z a t i o n  of t h e  

p r o p e l l a n t .  T h i s  was suppor ted  by Shore A hardness  and 

mass l o s s  d a t a  c o l l e c t e d  over  t h e  t h r e e  month s tudy.  

F u r t h e r  s t u d i e s  i n v o l v i n g  r e s o r  c i n o l  and d u a l  

s t a b i l i z e r  systems a r e  i n  p r o g r e s s .  
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DETECTOR RESPONSE, ABSORBANCE AT 254nm 

ETHYL 
CENTRALITE - 2-NDPA 

FIGURE 1. 

Reverse Phase HPLC Separation of S t a b i l i z e r s  and 
N i t  rat  opl a s t  i c i z  e r  6 

363 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



9
1
1
,
 

cc
o
 

- - 
U

. 

N
lT

R
O

G
U

A
N

lD
lN

E
 1 

- 
-
 

I 
O

N
 

3
.

 

0
 

m
 

cn 

m
 

r
 

C
 2
”

 

<
 

C
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



0
 R

esorcinol 
O

 4-N
D

P
A

 
A

2
-N

D
P

A
 

0.00 I 
I 

I
 

I 
I 

1 

0 
20 

40 
60 

80 
A

G
IN

G
 T

IM
E

, D
A

Y
S

 

100 
120 

‘0 
W

 
(J

I 
rs. (I) 
0, 
r
(
 

p
. 

E
 

(5
 

01 

&
 

c m
 

I
I
 

I
I
 

*
a

i
 

m
a

 
0
 

G
a

u
 

In
 

W
 

(3
 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
1
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


