
DRUG DEVELOPMENT COMMUNICATIONS, 2(2), 171-192 (1976) 

UTILIZATION O F  DEAERATION VIA GAS PERMEATION 

AND OXIDATIVE STABILIZATION OF PYROGALLOL 

A. P a l m i e r i ,  111, J. M. Laus ie r  andA. N. P a r u t a  

Universi ty  of Rhode Island 

College of P h a r m a c y  

Kingston, Rhode Island 02881 

ABSTRACT 

The. rates of oxidative decomposition for pyrogallol  w e r e  

de t e rmined  at 3.0' in vehicles  which had been p r e p a r e d  b y  pas- 

sing deionized dis t i l led wa te r  through a g a s  pe rmea to r .  

veh ic l e s  p r e p a r e d  by g a s  pe rmea t ion  posses sed  varying dissol- 

ved oxygen concentrat ions which depended upon charging pres- 

s u r e  and t h e  r e s idence  time of effluent. A single  pass through 

t h e  p e r m e a t o r  produced vehicles  posses s ing  dissolved oxygen 

concentrat ions of . 0 5  ppm t o  0.78 ppm with r e spec t  t o  a no rma l  

The  

oxygen content of 8-9 ppm. 

gave only t r a c e  amoun t s  of dissolved oxygen. i. e . ,  0 .01-0.02 

A double p a s s  through the  p e r m e a t o r  

ppm a n d  this  w a s  found t o  be independent of charging p r e s s u r e .  
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172 PALMIERI, LAUSIER, AND PARUTA 

Although t h e r e  w a s  a subs tan t ia l  i n c r e a s e  in t h e  pro tec t ion  

of the  oxidative decomposi t ion  of pyrogallol  with t r a c e  amounts  of 

d isso lved  oxygen, t he  r eac t ion  still proceeded  at d iminished  r a t e s .  

This  probably  impl i e s  tha t  a vehic le  m u s t  be  a!most comple te ly  

devoid of oxygen in o r d e r  to  p reven t  oxidative decomposition. 

I N T R O D U C T I O N  

Drug s tab i l iza t ion  is  a n  impor t an t  fac tor  in liquid c l o s e  

f o r m s  s ince  the  shelf  l ife o r  s ta ted  use fu lness  of a pa r t i cu la r  sub-  

s t ance  depends  upon the  components  of t h e s e  types of d o s e  f o r m s .  

One of t h e  m a j o r  pathways of decomposi t ion ,  o ther  t h a n  hydro ly-  

sis i s  a n  oxidative pathway. In p a r t i c u l a r ,  t h e  sens i t iv i ty  of 

s e v e r a l  usefu l  dr i igs  to  oxidativc e f fec ts  h a s  been  documented  

( 1 - 5 ) .  This  a r e a  of k ine t ics  h a s  been studied and s e v e r a l  t ech -  

niques of pro tec t ion  of d r u g s  f r o m  oxidative decomposi t ion  have 

beeii u t i l i zed .  

be pro tec ted  or  s tab i l ized  by oxygen purging of veh ic l e s .  buf fer -  

ing to  a minimrum rd te  pH, us ing  m e t a l  s c a v e n g e r s .  adding anti-  

oxidants and adding inh ib i tors .  

upui i  t l i t .  dt.aC:rdtioii o f  d i s t i l l rd  dcioni-rcl \ v a t c -  b y  t h e  s i m p l e  

n~cthr id  11i uti l izing i g ~ s  p c r m r a t i o n  t~.cl~riiquc.  t o  d r t e r m i n e  the  

c f f c . c t  of l ,nv t , r  ory< , .n  Icvelh ti1)on oslt lst i \ .e decomposi t ion  of 

p y r I 1 ~ 4  11 c11. 

Drugs  undergoing oxidative decomposi t ion  m a y  

The  intent of th i s  wvork w a s  bawd  
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OXIDATIVE STABILIZATION OF PYROGALLOL 173 

The universal presence of dissolved gases in liquid vehicles 

for drug solutions has,  i n  some cases ,  led to adverse effects wirh 

oxygen sensitive systems. 

in nature,  they possess chemical groupings such as  carbonyls that 

a r e  susceptible to oxidative effects. 

implying unsaturation, is  usually some component of drug sub- 

s tances;  therefore,  a potential for autoxidation also exists. Because 

the pi bond sys tem can be easily perturbed by distortion polarization 

in liquid systems,  electron loss (oxidation) can readily occur. 

Since most drug moieties a r e  semipolar 

In many cases aromalicity,  

Auto-oxidation simply infers the generation of the free  

radical form of a molecular species which, in turn is propogated 

by a reaction with oxygen and continues the oxidative process.  

Lachman (6)  simplified the autoxidation of pharmaceuticals 

mediated by the free  radical chain process  to three steps,  which 

a r e  initiation of the reaction, propagation of the reaction via f ree  

radicals produced and termination of the reaction to inactive 

products. 

I t  can be postulated that if the molecular oxygen necessary 

fo r  the propagation s tep  were substantially eliminated, oxidative 

processes  could be significantly reduced. Therefore,  the propa- 
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174 P U I E R I ,  LAUSIER, AND PARUTA 

gation s t e p  a s s u m e s  m a j o r  impor t ance  in f r e e  r ad ica l  mediated 

r eac t ions  for  pha rmaceu t i ca l  s y s t e m s .  

Shou ( 7)  has  indicated that i t  m a y  not be poss ib le  to reduce  

oxygen leve ls  below a c r i t i c a l  value s u c h  that no decomposi t ion  

takes  place.  

The  g a s  flushing technique cons i s t s  of oxygen r emova l  in  

the  solvent th rough p a r t i a l  p r e s s u r e s  with r e s p e c t  to Henry ' s  

L a w  and the  Bunsen  coefficient.  Since,  a t  ambien t  t e m p e r a t u r e s ,  

the Bunsen coef f ic ien t  of molecu la r  n i t rogen  is less than that of 

oxygen, i t  may be u s e d  as a r ep lacemen t  gas .  

uti l ized in th i s  s tudy  also u s e s  n i t rogen  purging but has  the added 

advantage of decarbonat ion  as well. In so lu t ions ,  ca rbon  dioxide 

f o r m s  ca rbon ic  ac id  and  th i s  usually a l t e r s  the pH of unpurged 

d is t i l l ed  wa te r  about 2 units below neut ra l i ty .  

The  p r o c e s s  

Since t r a c e  m e t a l s  may also ca t a lyze  c e r t a i n  degrada t ion  

p r o c e s s e s ,  t he i r  removal  a ids  in r e t a rd ing  the r a t e  of oxidative 

dcc omposition. 

and compared  the i r  e f fec t iveness .  

ED'I'A is usefnl i n  r e t a rda t ion  of oxidative decomposi t ion  in c e r t a i n  

drug  moie t i e s .  Siiice the m e t a l s  act  only a s  ca:alysts.  s eques t e r ing  

Lachrnan (8) investigated s e v e r a l  che la t inp  agents  

Mar t in  (91  has  r epor t ed  that 
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OXIDATIVE STABILIZATION OF PYROGALLOL 175 

agents w i l l  only slow the degradation process and not cause complete 

inhibition. 

Antioxidants, o r  negative catalysts,  decrease the rate of 

oxidative degradation reactions. Although antioxidants reduce 

oxygen levels to t race amounts by preferentially reacting with the 

molecular oxygen, i t  can have an adverse effect on the stability of 

the sys tem since the added moiety may interfere with the drug. 

Sulfites have proven notorious for this interaction. Although the 

above processes  have been employed a s  aids in reduction of oxi- 

dative decomposition, none have afforded complete protection. 

To date,  the most effective protection has been achieved through 

employment of a combination of nitrogen flushing and antioxidant 

addition. A i r  displacement with layered nitrogen has a lso been 

reported to aid protection of oxygen sensitive pharmaceuticals (10. 

11). 

In recent years ,  interest  has developed, and study devoted 

to,  employment of gas permeation a s  a method to reduce dissolved 

oxygen levels. Although gas permeation to protect pharmaceuticals 

is relatively new, it has been successfully employed i n  other a reas .  

Cenetelli and Cole (12) have rpoerted the successful removal of 

carbonates and dissolved oxypn using a polypropylene hollow fiber 
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176 PALMIERI, LAUSIEX, ANTI PARUTA 

appa ra tus .  

w a t e r  was  also repea ted .  

Remova l  of c e r t a i n  vola t i le  components  f r o m  waste 

Li, (13) r e p o r t e d  o n  gas  diffusion concern ing  m e m b r a n e  

s e p a r a t i o n  in  a r ev iew a r t i c l e .  

EXPERIMENTAL 

I. PREPARATION OF DEOXYGENATED WATER 

A DuPont ( R ) ( l )  g a s  p e r m e a t o r  was  connec ted  to a high 

p r e s s u r e  s t a i n l e s s  steel holding tank(2)  with h igh  p r e s s u r e  s t a in -  

l e s s  s t e e l  tubing. 

tank provided  the n e c e s s a r y  connec t ions  fo r  w a t e r  addition, p r e s  - 
su r i za t ion  f o r  ope ra t ion  by high pu r i ty  n i t r ~ g e n ‘ ~ ’  

a t m o s p h e r i c  p r e s s u r e  following the  p e r m e a t i o n  p r o c e d u r e .  

A th ree -way  ball va lue(3)  a t t ached  to the holding 

and r e t u r n  to 

Dis t i l l ed  w a t e r  was de ionized  with a mixed  bed c a r t r i d g e  

on a B a r n s t e a d  dei~nizer-demineralizer(~) and fed into the holding 

tank. The  holding tar-k was  p r e s s u r i z e d  to se l ec t ed  l e v e l s ,  caus ing  

the  w a t e r  t o  flow through the p e r m e a t o r  w h e r e  deoxygenation and 

deca rbona t ion  o c c u r r e d .  

v e s s e l  which had been p rev ious ly  f lushed  with n i t rogen .  

T h e  effluent was  co l lec ted  in a type I g l a s s  

A ni t rogen  

a t m o s p h e r e  was  main ta ined  at the mouth  of the co l lec t ion  v e s s e l  16) 

by m e a n s  of a n  a l u m i n u m  hood, (see s c h e m a t i c )  to  p reven t  a i r  i n -  

g r e s s  into the p r e p a r e d  wa te r .  
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PALMIERI, LAUSIER, AND PARUTA 

P e r m e a t i o n  of o x y g e n ,  c a r b o n  d i o x i d e ,  a n d  n i t r o g e n  w a s  effec- 

t e d  by  t h e  u s e  of d a c r o n  f i b e r s  i n  t h e  p e r m e a t o r  a n d  a n i t r o g e n  

f l u s h  a r o u n d  t h e  fiber b u n d l e  to r e m o v e  p e r m e a t e d  m a t e r i a l .  

s e c o n d  pass of t h e  w a t e r  t h r o u g h  t h e  p e r m e a t o r  w a s  a c c o m p l i s h e d  

by  u s i n g  a p o s i t i v e  n i t r o g e n  s i p h o n  t o  t r a n s f e r  t h e  deoxygenated  w a t e r  

from t h e  c o l l e c t i o n  v e s s e l  t o  t h e  hold ing  t a n k ,  a n d  r e p e a t i n g  t h e  

p e r m e a t i o n  o p e r a  tion. 

A 

D i s s o l v e d  o x y g e n  l e v e l s  ( p p m )  w e r e  d e t e r m i n e d  on a n  a v e r a g e  

of 1 5 - 2 5  s a m p l m a t  e a c h  o p e r a t i n g  p r e s s u r e  u s i n g  the  D e l t a  h lode l  

106 D i s s o l v e d  o x y g e n  a n a l y z e r ( ' ) .  

h a v i n g  a d r o p p i n g  M e r c u r y  m i c r o c l e c t r o d e  w i t h  a r a t e d  s e n s i t i v i t y  

of 2 0.01  p p m  D. 0. 

T h i s  i n s t r u m e n t  is a p o l a r o g r a p h  

11. DETERMlNA'TlON OF FLOW R A T E  

T h e  hold ing  t a n k  w a s  c h a r g e d  wi th  d i s t i l l e d  d e i o n i z e d  w a t e r  

a n d  p r e s s u r i x r d  w i t h  h i g h  p u r i t y  n i t r o g e n  a t  s u c c e s s i v e  p r e s s u r e s  

r a n g i n g  f rom 100 to 1000 p o u n d s  i n  100  pound i n t e r v a l s  to d e t e r -  

m i n e  t h e  e f f e c t  of p r e s s u r e  on ef f luent  flow r a t e s  a n d  d e o x y g e n a t i o n  

e f f i c i e n c y .  

( 8 )  f rom t h e  g a s  r e g u l a t o r  . 

All  p r e s s u r e s  w e r e  u n c o r r e c t e d  a n d  w e r e  r e a d  d i r e c t l y  
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OXIDATIVE STABILIZATION OF PYROCALLOL 179 

111. DETERMINATION O F  PROTECTION EFFICIENCY ON MODEL 
SYSTEM 

Pyrogal lo l  (1 ,  2 ,  3 t r i c h d r o x y b e n ~ e n e ) ~  was employed as a n  

oxygen sens i t i ve  model to de t e rmine  the e f fec t iveness  o,f the pe r -  

m e a t o r  in removing  d isso lved  oxygen f r o m  the water.  Chemica l s  

u t i l i zed  i n  this study w e r e  of a t  l e a s t  reagent  quality'lO'. Melting 

poin ts  w e r e  de t e rmined  with a Thomas-Hoover  mel t ing  point 

appa ra tus"  'I .  Pyrogal lo l  was  r ec rys t a l l i zed  from cold ethanol,  

s t o r e d  in  a d e s s i c a t o r ,  and  p laced  i n  a da rk  cupboard to p reven t  

decomposi t ion  by light. A melting point range of 132-133'C was  

de t e rmined  which was  well within l i t e r a t u r e  va lues  (131 -133OC). 

Wate r  p r e p a r e d  with the de ionizer  and the p e r m e a t o r  a t  

va r ious  p r e s s u r e s  was  used as the solvent fo r  pyrogallol  so lu-  

t ions  a t  a n  in i t ia l  concent ra t ion  of 6 m g / l i t e r .  

w a s  p r e p a r e d  a t  the same concentration using disti l led deionized 

w a t e r  as the  solvent.  

capac i ty ,  capped with a teflon coated s c r e w  cap ,  and sea l ed  with 

s i x  coa t s  of a wax mix tu re  having a mel t ing  point of 65 C 

p r e v e n t  a i r  ing res s .  

d a r k  cons tan t  t e m p e r a t u r e  appa ra tus  (13) at  3OoC for  t he  dura t ion  

of the  study. Since decarbonat ion  also o c c u r r e d  with pass ing  the 

The  cont ro l  s y s t e m  

T h i r t y  mi l l i l i t e r  vials w e r e  fi l led to 

0 (12 )  to 

Af ter  labeling, the  v ia l s  were  s to red  in a 
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180 PALMIFXI, LAUSIER, AND PARUTA 

vehicle through the permeator .  the pH of the resulting vehicle 

was very nearly neutral  and w a s  used a s  such i n  these studies. 

Vials were removed periodically and assayed for pyrogallol content 

according to the procedures of Grant and Pate1 (14). A three 

mill i l i ter  sample of pyrogallol solution was withdrawn and added 

to six mill i l i ters  of 1% vanillin in 7070 sulfuric acid. 

ance w a s  determined spectrophotometrically after 18 minutes 

against  the appropriate blank a t  a \va\.elength of 520 mu . 
minute intervals were allowed to elapse between sample readings 

The absorb-  

Three - 

to allow for precise  timing of the color imetr ic  reaction. 

tion, duplicate readings were taken one minute af ter  the appropriate 

I n  addi -  

t ime interval to insure that the reaction had been read a t  i ts  peak 

color development. Swain and Goldstein (15) have shown that the 

concentration absorbance curve was l inear  from 0 to 5. 3 x 10 

and passed through the origin. 

-5 
M, 

Absorbance readings from 0 . 0 - 0 . 6 1  

produced analagous Beer-Lambert  plots 

RESUL,TS A N D  DISCUSSIOK 

The evaluation of gas  permeation a s  a method for the 

preparation of deaerated vehicles entails  both a study of the effi- 

ciency of g a s  removal in a vehicle. a n d  the protection afforded a 

model system u s i n g  th i s  vehic.le. For  gas permeation to possess 

potential application for iridustrial u s e .  a n  eiiluent flo\\ ra te  m u s t  
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OXIDATIVE STABILIZATION OF PYROGALLOL 181 

be achieved which i s  compatible wtith cu r ren t  unit p r o c e s s e s .  'I'he 

purpose  of this s t u d y  was to a s c e r t a i n  the effect of p r e s s u r e  on 

flow r a t e . and  d isso lved  oxygen leve ls  in the efiluent of a vehicle 

p ropa red  by gas  permeat ion  and ta note the efficiency of oxygen 

r emova l  by a double p a s s  through the p e r m e a t o r .  

of the deae ra t ion  p r o c e s s  was a l s o  d t t e r m i n e d  by- follon.ing the 

The efficiency 

decomposition of a chemica l  moiety suscept ib le  to oxidation in 

vehic les  p r e p a r e d  with the pe rmea to r .  

Table 1 and Figure 1 s u m m a r i z e  the effect of opera t ing  p r e s -  

s u r e  on the flow r a t e  of d is t i l l ed  deionized wa te r  through the 

p e r m e a t o r .  

r e l a t ionsh ip  of flow r a t e  with flushing p r e s s u r e .  

In R g u r e  1 i t  i s  s e e n  that t h e r e  i s  a d i r ec t  l i nea r  

Res idua l  d i sso lved  

oxygen l eve l s  in effluent wa te r  as  a function of opera t ing  p r e s s u r e  

a r e  tabulated in 'Iable 1 and dcscribed i n  Rgure  2 for s ingle  and 

double p a s s  p r o c e d u r e s .  A d i r e c t  re la t ionship  can  be observed  

between d isso lved  oxygen leve ls  and  opera t ing  p r e s s u r e s  fo r  

vehicles p r e p a r e d  by a single p a s s  through the pe rmea to r .  

ope ra t ing  p r e s s u r e s  i n c r e a s e d ,  dissolved oxygen leve ls  i n  the 

effluent i nc reased .  

p e r m e a t o r  i s  cons idered .  

flow r a t e s  echieved a t  va r ious  p r e s s u r e s  a r e  given in'Iable 1 and 

ill!j.strated inF igure  3. At lower  p r e s s u r e s .  the wa te r  was  sub-  

A s  

This  is expected \\,hen r e s idence  l i m e  in the 

Calculated res idence  t i m e s  based  on the 
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182 PALMIERI, LAUSIER, AND PARUTA 

TABLE 1. A s u m m a r y  of the  e f f ic iency  oi the p e r m e a t o r  in t e r m s  
of flow r a t e ,  r e s i d e n c e  time, and  cl issui .ed oxygen 
l eve l s  of t h e  effluent as a function of p r e s s u r e  

Pressure F l o w  R a t e  Residence T i m e  Disso lved  0 2  Dissolved  O2  
(ps ig )  ( m l s / m i n )  (Minu tes )  (ppm-1  p a s s )  (ppm-2  p a s s e s )  

100 8 26. 0 0 .  05 0 . 0 1  

200 22 10.0 0. 07 0 .02  

300 34 6. 5 - - 
400 41  5. 5 0. 30 

500 51 4 . 3  - 
600 61  3.6 0.48 

700 75 2 .9  - 

0.02 

- 

0.02  

- 

800 82 2 . 6  0. 62 0. 02 

900 91 2 . 4  - - 
1000 100 2 . 2  0. 78 0 .  02 

Cons ide red  to be  t r a c e  a m o u n t s  

j ec t ed  to  the g a s  p e r m e a t i o n  p r o c e s s  for a l onge r  period of t ime  

and  hence  had m o r e  efficient r emova l  of d i s so lved  oxygen. 

Veh i i l e s  p r e p a r e d  b y  a double p a s s  th rough  the p e r m e a t o r  

contained o n l y  t r a c c  amoun t s  of oxygen i r r e s p e c t i v e  of ope ra t ing  

p r o c e s s .  l ' h e s e  r e s u l t s  \\rould sugges t  that  a s e r i e s  a r r a n g e m e n t  
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of permeators would perhaps be the most  efficient as sembly  f o r  

continuous processing of the vehicle. 

Typical values for the decomposition of an oxygen sensitive 

s y s t e m  in water prepared by gas permeation at specified operating 

pressures  a r e  l isted i n  Table I 1  and represented in fi’gure 4. The 
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186 PALMIERI, LAUSIER, AND PARUTA 

TABLE 11. A Summary of typical values for the decomposition of 
pyrogaiiol at 3OoC for control,  s ingle  pass ,  and double 

pass  vehic les  

Time 
( h r )  - 
0 

2 

5 

8 

16 

20 

24 

3 5  

4 8  

7 2  

96 

1 9 2  

z8n 

3 84 

Control 

100 

9 3 . 4  

83. 5 

7 4 . 6  

51. 8 

3 4 . 0  

2 6 . 7  

- 
- 

- 
- 

- 

70 Remaininga 
Single Pass 100 ps ig  

100 

99. 8 

99. 5 

99 .2  

98 .4  

98. 0 

97. 6 

96. 5 

95. 2 

92. 8 

90 .4  

80. 8 

71. 2 

62.  F; 

70 Remaininga 
Double Pass 100 p s i g  

100 

99. 9 

99. 7 

99. 5 

99. 1 

98. 8 

98. 6 

9 7 . 9  

97. 1 

95. 8 

9 4 . 2  

88.  5 

82. 7 

76. ti 

a = va1ut.s are a v e r a g e s  of 8 d e t e r m i n a t i o n s  at each t i m e  i n t e r \ . a l  
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188 PALMIER1 , LAUSIER, AND PARUTA 

c o n t r o l  a f t e r  24 h o u r s  d e c o m p o s e d  t o  a c o n c e n t r a t i o n  of a p p r o x i m a t e l y  

23% of the o r i g i n a l  l e v e l .  A l l  v e h i c l e s  p r e p a r e d  b y  g a s  p e r m e a t i o n  

a f f o r d e d  some p r o t e c t i o n  from o x i d a t i v e  d e c o m p o s i t i o n .  

a p p r o x i m a t e  l i n e a r i t y  obse r v c d  i m p l i e s  f i r s t  o r d e r  d e c o m p o s i t i o n .  

T h e  

T h e  d e c o m p o s i t i o n  of the model c o m p o u n d  i n c r e a s e d  in  v e h i c l e s  

p r e p a r e d  a t  h i g h e r  o p e r a t i n g  pressures s i n c e  t h e y  c o n t a i n e d  h i g h e r  

l e v e l s  of d i s s o l v e d  oxygen.  

Z O O  p s i g ,  t h e  e x t e n t  of t h e  d e c o m p o s i t i o n  is a p p r o x i m a t e l y  t h e  

At  l o w e r  p r e s s u r e s  s u c h  as  100 a n d  

same s i n c e  d i s s o l v e d  oxygen Levels  a r e  s i m i l a r  in m a g n i t u d e ,  

c o n t r a s t ,  a l l  s y s t e m s  p r e p a r e d  by  a d o u b l e  pass p r o c e d u r e  f a l l  

In 

with in  a n a r r o w  b a n d  of d e c o m p o s i t i o n .  

t race  a m o u n t s  of d i s s o l v e d  o x y g e n  a n d  a r e  c o n s i d e r e d  t o  b e  i n v a r i a n t  

7 hese s y s t e m s  c o n t a i n  

a n d  i n d e p e n d e n t  of o p e r a t i n g  p r e s u r e .  It s h o u l d  te n o t e d ,  h o w e v e r ,  

t h a t  e v e n  t h e s e  t r a c e  a m o u n t s  of o x y g e n .  i .  e .0 .  02  p p m  is s t i l l  

s u f f i c i c n t  t o  c a u s e  dec-omposi t ion .  

tha t  only t h e  r a t e  of d e c o m p o s i t i o n  c a n  be r e d u c e d  by r e d u c e d  

T h i s  \vould p r o b a b l y  i n d i c a t e  

o x y g e n  l e v e l s  a n d  not t h e  c e s s a d i o n  of the  o x i d a t i v e  r e a c t i o n .  

In  T a b l e  I I I ,  t h e  r e s u l t s  o b t a i n e d  for t h e  *:zricus v e h i c l e s  

a r e  g i v e n  a n d  t h e  r e s p e c t i v e  d i s s o l v e d  oxygen c o n c e n t r a t i o n s .  

ra te  of d e c o m p o s i t i o n  in h o u r s  is also g i v e n  l o r  t h e  .:chicles a n d  a 

p r o t e c t i o n  index  is shown w h i c h  w a s  o b t a i n e d  by  a r a t i o  of r a t e s  by  

d e f i n i n g  t h e  c o n t r o l  as  unl ty .  

The 
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OXIDATIVE STABILIZATION OF P Y R O C a L O L  189 

TABLE 111; Summary of Dissolved Oxygen Levels ,  decomposition 
r a t e s  of pyrogallol a t  30° and relative protection index 
for  the vehicles prepared a t  var ious operating p r e s s u r e s  

Sys t em 

Control  

1 0ooa 

800a 

600a 

400a 

200a 

1 0oa 

Loob 

20Ob 

400b 

600b 

800b 

1 OOOb 

D. 0. (ppm) 

9.04 

0. 78 

0. 62 

0.48 

0. 30 

0. 07 

0. 05 

0. 01 

0.02 

0.02 

0.02 

0.02 

0.02 

Rate x lo3 hr-’  

43.2 

1.87 

1.71 

1.49 

1.42 

1.22 

1. 24 

0.078 

0.078 

0.091 

0.102 

0.102 

0.102 

Protection I ndex 

1 

23 

25 

29 

30 

35 

34 

5 50 

5 50 

470 

410 

4 10 

410 

a = single  p a s s  

b = double p a s s  (considered to be t r a c e  amounts of dissolved oxygen. 
Values given a r e  ave rages  of 15 determinat ions as  each p r e s s u r e )  

It can be s e e n  that the r a t e s  dec reased  with a dec rease  in 

oxygen concentration but disproportionate to oxygen content. 

example,  the r a t e  a t  0.78 ppm D. 0. i s  1 . 8 7 ~ 1 O - ~  h r  

F o r  

-1 
whereas  
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190 PALMIERI, LAUSIER, AND PARUTA 

the  r a t e  at 0. 05  ppm D. 0. is 1 . 2 4 ~ 1 0 ’ ~  h r - ’  about  t h e  s a m e  o r d e r  

of magnitude, although the re  has  been a 16 fold reduct ion  in oxygen 

concentration. T r a c e  amoun t s  of oxygen. ie about  0. 01-0.02 ppm 

gave about a 10-15 fold d e c r e a s e  in the r a t e  of decomposi t ion  with 

r e spec t  to vehic les  containing 0.05 to 0. 78 pprn D. 0. 

Although t h e r e  was  a r a t h e r  significant i n c r e a s e  in  the 

s tab i l i ty  with t r a c e  amoun t s  of D.O. l e v e l s ,  the  r eac t ion  s t i l l  

p roceeded .  

oxygen r equ i r ed  to in i t ia te  the reac t ion  is even  lower  than the 

conc rn t r  a t ions  cons ide red  he re .  

I t  would s e e m  that the c r i t i ca l  amounts  of d isso lved  

I t  might be poss ib l e  that a vehicle which has  been  p r e p a r e d  

by a double p a s s  through the p e r m e a t o r  and a n  antioxidant on con- 

cent ration loe.er than usua l  m a y  be capable  of comple te ly  pro tec t ing  

a n  oxygen sens i t i ve  moie ty  for subs tan t ia l  pe r iods  of t ime .  

FOOTNOTES 

( 1 )  P e r m a s e p .  DuPont deNe.nours & C o . ,  it‘ilrninoton D c l .  See 
appcns ix  for spec i f ica t ions .  

( 2 )  ffoke Sampling Cyl inder ,  Cat.  N o .  8HD2 1 ”  G. Hoke Lndustries.  

( 3 )  Sclectoriiite valve.  Hoke Indus t r ies .  

(4) Crans ton  LVeldirig Co., NZ Content 1 9 9 .  90 O ~ C o n t o n t  0. 09. 

( 5 )  Uarns t r ad  Demine ra l i ze r  Model BD-I .  Bar?steacl St i l l  and  
S t e r i l i z e r  (30. 
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OXIDATIVE STABILIZATION OF PYROGALLOL 191 

(6 )  P y r e x ,  Type i . .  2 gal capacity. 

( 7 )  Delta Scientifics. 

( 8 )  Matheson Gas Co. 

( 9 )  A l l i e d  Chemical Co., N. Y .  

(10) Amend Drug &! Chemical Co . ,  Inc. 3 .  Y. 

( 11) Unimelt Capillary Melting Point Apparatus ,  A rthur H .  Thomas ,  
Ph i l ade lph ia ,  Pa.  

Mixture of Carnanba, paraffin,  and bees waxes .  

Hotpack Corporation, Philadelphia,  Pa.  
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