
C h a p te r  IV

R e s u l t s  and  D is c u s s io n

D e te r m in a t io n  o f  W a v e le n g th  f o r  Maximum A b s o rp t io n  o f  
Complex b e tw ee n  P ip e r a z i n e  and F o u r  S u lfo n p h t h a l e i n  Dyes

The i n t e r a c t i o n  o f  p ip e r a z i n e  and  f o u r  s u l f o n p h t h a l e i n  
d y e s ,  e . g . ,  b ro m c re s o l  g reen (B C G ), brom thym ol b lu e  (BTb )» 
b ro m c re s o l  p u r p le  ( b o p ) 5 and b rom ph eno l b lu e  (BPB) in  
c h lo ro fo rm  p ro d u c ed  a  y e l lo w  co m p lex . The q u a n t i t y  o f  
p ip e r a z i n e  u se d  c o u ld  be d e te rm in e d  by m e a s u r in g  th e  i n t e n s i t y  
o f  th e  c o lo r  fo rm ed  a t  w a v e le n g th  o f  maximum a b s o r p t io n  o f  
e a c h  d y e . The a b s o r p t io n  s p e c t r a  o f  th e  p ip e r a z in e - d y e  
com plexs in  c h lo ro fo rm  w ere d e te rm in e d  s p c c t r o p h o to m o t r i c a l l y  
by s c a n n in g  th e  d e v e lo p e d  c o lo r  u n d e r  v i s i b l e  l i g h t  a t  a ra n g e  
from  350  to  680 nra. The maximum a b s o r p t io n  o f  th e  com plex  
fo rm ed  showed an a b s o r p t io n  p eak  a t  420  nm. f o r  BCG, 420  ran. 
f o r  BTB, 4 1 0  nm. f o r  BCP and  4 1 2  nm. f o r  BPB a s  i l l u s t r a t e d  
in  F ig u r e  1 . T hese  w a v e le n g th s  w ore u se d  w ith  e a c h  dye in  
e v e ry  e x p e r im e n ts  .

E f f e c t  o f  V a r io u s  C o n c e n t r a t io n s  o f  Sodium  H y d ro x id e  on R e le a s in g  
P ip e r a z i n e  F re e  B ase from  P ip e r a z in e  Citr.;-I.te

A p e c u l i a r  c h a r a c t e r i s t i c  o f  p ip e r a z i n e  b a s e  was t h a t  
i t  was v e r y  s o lu b le  i n  a q u eo u s  s o l u t i o n  b u t  p r a c t i c a l l y  
i n s o l u b l e  i n  o r g a n ic  e x t r a c t i v e  s o lv e n t s  so  t h a t  i t  was 
d i f f i c u l t  to  i s o l a t e  from  aq u eo u s  s o l u t i o n .  I t  was fo u n d  t h a t  
q u a n t i t a t i v e  e x t r a c t i o n  i n t o  o r g a n ic  s o lv e n t  was p o s s i b l e
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as lo n g  a s  th e aqueous phase rem ained  s t r o n g ly  a lk a l in e  
but a l k a l i n i t y  o f  th e  s o lu t io n  and number o f  e x t r a c t io n  
were a lw ay s in  q u e s t io n . L e n g ^ ^  e x t r a c te d  p ip e r a z in e  
f r e e  b ase  from fe e d  and c o n c e n tr a te  by u s in g  0 .1  N sodium  
h y d ro x id e ; P f o i f f e r  and H a sse lm a n n ^ ^  u sed  1 li sodium  
h yd ro x id e  to  e x t r a c t  th e f r e e  b ase from p h a rm a ceu tica l  
d osage fo rm s, in  AOAC 1 9 8 0 ^ ^  and May bury* ร m o th o d ^ c \ 50^ or  
1 1 . 1 N sodium h yd ro x id e  was u se d . In  t h i s  work the s u i t a b le  
c o n c e n tr a t io n  o f a l k a l i  and th e co m p le tio n  o f  e x t r a c t io n  
was checked  by v a r y in g  th e n o r m a lity  o f  sodium h y d ro x id e  
used in  e x t r a c t io n  and d eterm in ed  th e f i f t h  and s i x t h  e x tr a c te d  
ch lo ro form  s e p a r a t e ly  to  f in d  tho amount o f  p ip e r a z in e  l o f t  
in  th e aqueous p h a se . The e x p e r im e n ta l d a ta  in  T ab le 2 
in d ic a te d  th a t  e x t r a c t io n  o f  p ip e r a z in e  f r e e  b ase  from i t s  
c i t r a t e  s a l t  w ith  the s ix t h  10 m l. p o r t io n  o f  ch lo ro fo rm  

showed absorb an ce v a lu e s  o f 1 . 2 5 6  + 0 . 0 0 4  and 0 . 1 5 2  + 0 . 0 0 5  

f o r  6 N and 8 N sodium  h yd ro x id e  r e s p e c t i v e l y ,  compared
to  0 . 0 1 5  + 0 .0 0 1  and 0 . 0 0 4  + 0 .0 0 2  when u s in g  9 N and 
10 IT sodium h y d ro x id e . T h is  seemed to  in d ic a t e  t h a t ,  w ith  
th e low  a l k a l i n i t y  (8  II sodium h yd ro x id e  or l e s s ) ,  p ip e r a z in e  
f r e e  b ase was p a r t i a l l y  rem ained in  th e aqueous p h a se .
The ab sorb an ce v a lu e s  o f  the f i f t h  10 m l. e x t r a c t  were 
com pared, th e r e s u l t s  o b ta in e d  were 0 .0 8 0  + 0 . 0 0 5  f o r  9 N 
and 0 . 0 1 7  + 0 .0 0 1  fo r  10 N sodium  h y d r o x id e . Sodium h yd ro x id e  
10 N w ith  f i v e  e x t r a c t io n s  arid 9 N sodium  h yd ro x id e  w ith  
s i x t h  e x t r a c t io n s  appeared  to  be th e b e s t  s in c e  i t  co u ld  th e
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c o m p l e t e l y  e x t r a c t e d  t h e  p i p e r a z i n e  f r e e  b a s e  f rom  aqu eou s  
s o l u t i o n ,  so 10 N sodium h y d r o x i d e  w i t h  f i v e  e x t r a c t i o n  
was c h o s e n  f o r  a l l  e x p e r i m e n t s  i n  o r d e r  t o  save  t h e  t im e  
o f  e x t r a c t i o n  •

The r e s u l t s  o b t a i n e d  were  a g r e e  w i t h  t h e  p r e v i o u s  
p a p e r ^ and  p r o v e d  t h a t ,  e s p e c i a l l y  s t r o n g  a l k a l i n e  
c o u ld  p ro d u c e  d i s s o c i a t i o n  o f  p i p e r a z i n e  f r e e  b a s e  from 
i t s  s a l t  and p a r t i t i o n e d  c o m p l e t e l y  i n t o  c h l o r o f o r m .
So i t  was i m p o s s i b l e  t o  d e t e r m i n e  p i p e r a z i n e  i n  p h a r m a c e u t i c a l  
p r e p a r a t i o n  by u s i n g  a c i d - d y e  m e thod ,  owing  t o  t h e  
h i g h  s o l u b i l i t y  o f  p i p e r a z i n e  and i t s  s a l t s  i n  a q u e o u s  
p h a s e .  The e x t r a c t i o n  o f  t h e  p i p e r a z i n e -  dye com plex ,  
i f  fo rm e d ,  from t h e  a qu eou s  p h a s e  w i t h  t h e  o r g a n i c  s o l v e n t  
was f a i l e d ,  t h u s  e x t r a c t i o n  o f  p i p e r a z i n e  f r e e  b a s e  w i t h  
c h l o r o f o r m  from s t r o n g  a l k a l i n e  s o l u t i o n  overcame t h i s  
p r o b l e m  .

I n  t h i s  work c h l o r o f o r m  was u s e d  a s  t h e  e x t r a c t i v e  
s o l v e n t  b e c a u s e  o f  t h e  p r o p e r t y  o f  a  w i d e l y  u s e d  
s o l v e n t  o f  t h e  dye t e c h n i q u e ,  i t s  low t o x i c i t y ,  low p r i c e  
and a l s o  erase i n  e x t r a c t i o n .

P r e p a r a t i o n  o f  C a l i b r a t i o n  Curve and D e t e r m i n a t i o n  o f  C o n f o r m i ty  
to  B e e r * ร Law

The p r e s e n t  i n v e s t i g a t i o n s  i n c l u d e d  s t u d i e s  p e r t i n e n t  
t o  t h e  n a t u r e  o f  t h e  com plex ,  f a c t o r s  i n f l u e n c i n g  i t s  
fo rm ?vt ion ,  and  t h e  s t o i c h i o m e t r i c  b a l a n c e  were p e r f o r m e d .
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For th e  a tta in m e n t o f  th e  u lt im a te  in  p r e c is io n  and a cc u ra c y , 
p r e c is e  c a l ib r a t io n  curve was c o n s tr u c te d  to  t e s t  w heth er a 
l in e a r  r e la t io n s h ip  e x i s t e d  b etw een  c o n c e n tr a t io n  and a b so rb a n ce . 
The p r e c is io n  o f  the s tu d y  was perform ed by ru n n in g  fo u r  r e p l i 
c a te  a s s a y s  w ith  eq u a l w e ig h t o f  p ip e r a z in e  c i t r a t e  u se d , th e  
c a l ib r a t io n  curve o f  each  dye was c o n s tr u c te d  from th e a v era g e  
and B e e r 's  law  was obeyed f o r  each  dye a s  shown in  T able 3>
T ab le 12 and F ig u r e  2 .

The s lo p e  o f  th e  c a l ib r a t io n  curve o f  fo u r  s u lfo n p h th a -  
l e i n  d yes in  T ab le 12 showed th e d i f f e r e n c e .  BCF showed the  
s t e e p e s t  o f  th e c u r v e , w h ile  BPB showed th e l e a s t ,  h ow ever, th e  
s t e e p e r  o f  the c u r v e , th e h ig h e r  o f  the s e n s i t i v i t y  in  q u a n t i
t a t i v e  d e te r m in a t io n .

BCG showed l in e a r  a b so r b a n c e -c o n c e n tr a t io n  r e la s h io n s h ip  
from 7 7 .8  to  4 6 6 . 9  meg. p er  m l. o f  p ip e r a z in e  as h ex a h y d ra te , 
from 0 to  4 6 6 . 9  meg. p er m l. f o r  BTB, 0 to  4 6 6 . 9  meg. p er  m l. 
fo r  BCP and 7 7 . 8  to  2 3 3 * 4  meg p er m l. f o r  BPB. BCG and BPB 
showed th e x - i n t e r c e p t  w h ile  BTB and BCP, t h e ir  c a l ib r a t io n  
curve p a ssed  th rou gh  th e  o r i g in .

The c o e f f i c i e n t  o f  v a r ia t io n  o f  fo u r  e x p er im en ts  in  
c a l ib r a t io n  curve were t y p i c a l l y  0 * 4 7 -9 * 5 4  /“ f o r  BCG, 0 .1 2 -  
1 . 4 3  f o r  BTB, 0 . 5 4 - 7 . 4 4  $> fo r  BCF and 0 . 4 3 - 3 . 4 2  °/0 f o r  BPB. 
I n s p e c t io n  o f  th e  p r e se n te d  d a ta  in d ic a te d  th a t  3TB showed b e s t  
r e p r o d u c i b i l i t y ,  fo l lo w e d  by BPB, BCP and BCG r e s p e c t i v e l y .
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From t h e  d a t a  o b t a i n e d ,  BCP showed t h e  h i g h e s t  s e n s i t i 
v i t y  f o r  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  o f  p i p e r a z i n e  b u t  i t s  
c a l i b r a t i o n  c u r v e  showed p o o r  r e p r o d u c i b i l i t y .  BTE was l e s s  
s e n s i t i v e  t h a n  BCP, i t s  c a l i b r a t i o n  c u r v e  showed a l i n e a r  
c o n c e n t r a t i o n  r a n g e  a s  BCP b u t  w i t h  v e r y  good r e p r o d u c i b i l i t y .
BCG showed l e s s  l i n e a r  c o n c e n t r a t i o n  t h a n  BCP and BTB, and i t s  
r e p r o d u c i b i t i t y  was t h e  l e a s t .  BPB showed t h e  l e a s t  l i n e a r  
a b s o r b a n c e - c o n c e n t r a t i o n  r e l a t i o n s h i p  w i t h  good r e p r o d u c i b i l i t y .

E f f e c t  o f  Dye Con c e n t r a t i o n  o f  A b s o rb a n c e  o f  P i p e r a z i n e - D y e  
Complex

To d e t e r m i n e  t h e  amount  o f  dye r e a g e n t  r e q u i r e d  f o r  
maximum c o l o r  d e v e lo p m e n t ,  v a r i o u s  amount  o f  t h e  dye s o l u t i o n  
( 4 «00 X  10 4M) were  added  t o  a f i x e d  volume o f  p i p e r a z i n e  a s  
h ex a h .y d ra te  s o l u t i o n  ( 1 . 0 0  X  10 4M) u n t i l  l i n e a r i t y  i n  a b s o r b a n c e  
were o b t a i n e d  t h r o u g h  o u t  t h e  d e s i r e d  c o n c e n t r a t i o n  r a n g e .  I n  
F i g u r e  3> t h e  maximum c o l o r  i n t e n s i t y  were  o b t a i n e d  w i t h  3 ml.
4 . 0 0  X  10~4 M BCG, 3 ml .  4 . 0 0  X  10~4 M BTB, 4 ml .  4 . 0 0  X  1 0 " 4 M 
BCP, 4 ml .  4 . 0 0  X  10 4 M BPB, above  t h i s  p o i n t ,  i n c r e a s i n g  the  
volume o f  d y e ,  i n c r e a s e d  i n  a b s o r b a n c e  s l i g h t l y .  I n  o r d e r  to  
e n s u r e  an  e x c e s s  i n  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 ,  5»0 ml .  o f
4 . 0 0  X  10 4 M dye was u s e d  when c o n c e n t r a t i o n  o f  p i p e r a z i n e  a s  
h e x & h y d ra t e  was a b o u t  3*0 m l .  1 .0 0  X  10 4 M.

The s t o i c h i o m e t r i c  r a t i o  b e tw ee n  s u l f o n p h t h a ï e i n  d ye s  
and  p i p e r a z i n e  were  s t u d i e d  by p l o t t i n g  t h e  mole r a t i o  o f  dye to



drug a g a in s t  th e  absorb an ce as shown in  F ig u r e  4* Two 
s t r a i g h t  l i n e s  o f  d i f f e r e n t  s lo p e  were o b ta in e d  w hich
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th e i n t e r s e c t i o n  showed a mole r a t io  c o r r e sp o n d in g  to  dye
and drug com plex . The i n t e r s e c t i o n  o ccu red  a t  th e mole
r a t io  o f  2 s i  f o r  0 .11 d y e s , s u g g e s t in g  th a t  th e  com plex
c o n s is t e d  o f  two m oles o f  dye and one m ole o f  p ip e r a z in e .
In  the a n a ly t i c a l  p roced u re p r e s e n te d , s u lf o n p h th a le in
d yes r e a c te d  w ith  p ip e r a z in e  y i e l d  a y e l lo w  c o lo r e d  com p lex .
C h em ica lly , th e c o lo r e d  p rod u ct was m ost l i k e l y  th e com plex
formed by r e a c t io n  betw een  l id o c a in c  w ith  BCCr and TTB  ̂ '

( 8 8 )or b etw een  t r i f lu o p e r a z in e  w ith  BCP 5 e t c .  These were 
in  agreem ent w ith  p u b lish e d  d a ta ^ ^  ’ ^ ' c o nc e r ni ng  the  
r e a c t io n  o f  s u lf o n p h th a le in  d yes w ith  compounds c o n ta in in g  
n itr o g e n  grou p . F u r th er  v e r i f i c a t i o n  o f  t h i s  a ssu m p tio n  
was o b ta in ed  by com paring the spectrum  o f  a t y p i c a l  y e l lo w  
p ro d u c ts  w hich  wore s im i la r  to  each  o th e r .  S in c e  i d e n t i c a l  
c o lo r  was o b ta in e d  when s u lf o n p h th a le in  dyee were r e a c te d  
w ith  compound c o n ta in in g  n itr o g e n  grou p , how ever, i t  was 
d i f f i c u l t  to  rea ch  a c o n c lu s io n  c e n c e r n in g  th e tru e  n atu re  
o f  th e se  c o lo r e d  p ro d u c ts  w ith  the p r e se n te d  d a ta  d on e, but 
th e s t r u c tu r e  m ight be p o s t u la t e d  in  th e way s im i la r  to  th o se  
am ines and q u a tern a ry  ammonium compound^ * ' f * ^  J \

P ip e r a z in e  p o s s e s s e d  two b a s ic  n itr o g e n  g ro u p s, each  
e x h ib i t e d  b a s ic  c h a r a c t e r i s t i c  in  o rg a n ic  s o lv e n t .  The two 
b a s ic  groups were s u s c e p t ib le  to  s u lf o n p h th a le in  d y e s .
S u lfo n p h th a le in  dye i t s e l f ,  in  d i s s o c i a t e d  form
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was in t e n s e ly  y e l lo w  who r 0-0 3 - th e u n d is s c c ia t o d  
form a s i t  e x i s t e d  in  n e u tr a l  or a c id ic  s o lv e n t ,  e . g . ,
ch lo ro fo rm  was v e r y  s l i g h t l y  y e l lo w . S in c e  th e  n a tu re  
o f  r e a c t io n  appeared  to  be a s im p le  a c id  b ase r e a c t io n ,  
so th e com plex was form ed b etw een  th e  amino group o f  
p ip e r a z in e  and th e s u l f o n ic  a c id  group o f  s u lf o n p h th a le in  d ye .

A l l  o th e r  d yes e x c e p t  3PB produced y e l lo w  c o lo r e d  
com plex a t  a l l  c o n c e n tr a t io n s  o f  th e dye u se d . BPB gave a 
p e c u l ia r  c h a r a c t e r i s t i c ,  i t s  c o lo r  o f  th e com plex was 
changed depend on th e  c o n c e n tr a t io n  o f  BPB u se d , p r e c ip i t a t e s  
were formed when u s in g  0 .5 - 1 .5  m l. 4 .0 0 x 1 0  BPB but 
d is.app eared  when th e  s o lu t io n  were sh ak en . The c o lo r  
o f  th e s o lu t io n  w hich  depended on th e c o n c e n tr a t io n s  o f  the  
dye Jised were shown in  T ab le 15 .

T h is  phenomenon m ight be e x p la in e d  th a t  c o lo r  o f  
th e com plex depended on pH o f  the s o l u t i o n 0 BPB appeared  
y e llo w  a t  pH 5 .0  and p u rp le  a t  pH 4 .6 .  A cco rd in g  

to  th e  n atu re  o f  r e a c t io n  w hich  appeared  to  be a s im p le  
a c id -b a s e  r e a c t io n ,  th e pH o f  th e com plex when u s in g  0 ,5  m l. 
4 .0 0x l0~^M  BPB m igh t be ex ceed ed  4*6 so th e c o lo r  o f  th e  
com plex form ed was p u rp le  . s t r u c tu r e  o f  fo u r  s u lf o n p h th a le in  
d yes and t h e ir  t r a n s i t i o n  ra n g es  were shown in  T ab le 1 4 .
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E f f e c t  o f  Time on s t a b i l i t y  o f  P i p e r a z i n e - D y e  Complex

The s t a b i l i t y  o f  c o l o r  o f  t h e  complex  fo rm ed  พล.ร 
i n v e s t i g a t e d .  The a b s o r b a n c e  o f  t h e  complexes  were  
m e a s u re d  a t  s e l e c t e d  i n t e r v a l s  o f  t im e  u n d e r  s i x  h o u r s  a t  
room t e m p e r a t u r e .  The r e s u l t s  were  shown i n  T a b l e  5» BCG 
showed a mean a b s o r b a n c e  o f  0 . 4 2 7  w i t h  c o e f f i c i e n t  o f  v a r i a t i o n  o f  

0 . 6 5  / O .  The r e s u l t s  i n d i c a t e d  t h a t  B C G - p i p e r a z i n e  complex 
was s t a b l e  t h r o u g h  c u t  t h e  p e r i o d  o f  n o t  l e s s  t h a n  6 h o u r s .
BTB showed a mean ab sorb an ce o f  0 . 4 2 0  w ith  c o e f f i c i e n t  o f  
v a r ia t io n  o f  0 .9 3 /j .T h e  ab sorb an ce o f  BT3 p ip e r a z in e  com plex  
in c r e a s e d  s l i g h t l y  in  p er io d  o f  h a l f  an h ou r, th en  refrained  
c o n s ta n t  o ver a p e r io d  o f  n ot l e s s  than  6 h o u rs . BCP showed 
a mean absorb an ce o f  0 . 5 0 0  w ith  c o e f f i c i e n t  o f v a r i a t i o n  o f  
0 . 9 0  The ab sorb an ce o f  B C P -p ip eraz in e  com plex in c r e a s e d  
s l i g h t l y  in  a p e r io d  o f  20 m in u tes and rem ained n e a r ly  
c o n s ta n t  over  a p e r io d  o f n o t l e s s  than  6 h o u rs . BPB showed 
a mean ab sorb an ce o f  0 . 4 7 5  w ith  c o e f f i c i e n t  o f  v a r ia t io n  o f  

1 .7 4  /£. The ab sorb an ce o f  th e  c o lo r e d  com plex w ere in c r e a se d  
s i g n i f i c a n t l y  in  p e r io d  o f  1 h ou r, than d e c r e a se d  in  2 hours  
and rem ained n e a r ly  c o n sta n t  in  th e p e r io d  o f  6 h o u rs . From 
th e p r e se n te d  de.ta i t  was con clu d ed  t h a t ,  in  th e  p e r io d  o f  
6 h o u rs , the ab sorb an ce showed i n s i g n i f i c a n t  d i f f e r e n c e  w ith  
BCG, BTB and. BCP and s i g n i f i c a n t  d i f f e r e n c e  f o r  BPB. Owing 
to  maximum y e l lo w  c o lo r e d  d ev e lo p m en t, and hence y i e l d  a 
p ro d u c t, cou ld  be o b ta in e d  im m ed ia tly  upon sh a k in g  th e  s o lu t io n  
a t  room tem p eratu re and was unchanged in  the p e r io d  o f  6 hours
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so t h e  e x p e r i m e n t s  w i t h  3CGj BTB and BCP c o u ld  he done i n  
a n y - t i m e  i n t e r v a l s  b u t  w i t h  BPB, t h e  e x p e r i m e n t  s h o u l d  he 
done w i t h i n  t h e  p e r i o d  b e tw e e n  2 t c  6 h o u r s  .

F i f f e c t  o f  T e m p e r a t u r e  on s t n b i l i t y  o f  P i p e r e z i n e - I y e  Complex

The s t a b i l i t y  o f  t h e  c o l o r  o f  t h e  complex  due to  
c h a n g i n g  i n  t e m p e r a t u r e  was i n v e s t i g a t e d .  The complex 
b e tw ee n  p i p e r a z i n e  and f o u r  s u l f o n p h t h a l e i n  d y e s  were  d e v e lo p e d  
t r e a t e d  i n  c o n s t a n t  t e m p e r a t u r e  b a t h  w i t h  t e m p e r a t u r e  o f  40°, 5 0°, 60°, 7 0 °c compared t o  room t e m p e r a t u r e  (2 5 °c).
The r e s u l t s  p r e s e n t e d  i n  T a b le  6 i n d i c a t e d  t h a t  t h e  a b s o r b a n c e  
t h e  com plexes  were  d e c r e a s e d  when t h e  t e m p e r a t u r e  i n c r e a s e d  
PCG showed s t a b i l i t y  o f  the- c o l o r  o f  t h e  complex  t end  to  50°c, t h e n  a b s o r b a n c e  o f  0.412 a t  room t e m p e r a t u r e  d e c r e a s e d  
t o  0 . 4 0 3  a t  t e m p e r a t u r e  o f  70°c. ETE showed s t a b i l i t y  o f  
t h e  c o l o r  o f  t h e  complex  tend, t o  10°c, t h e n  d e c r e a s e d  
s i g n i f i c a n t l y  f rom  0 . 4 2 2  a t  room t e m p e r a t u r e  t o  0 . 3 8 5  a t  
t h e  t e m p e r a t u r e  o f  70°c. BCP showed s t a b i l i t y  o f  t h e  c o l o r  
o f  t h e  complex t e n d  t c  5 0°c, t h e n  d e c r e a s e d  s i g n i f i c a n t l y  
f rom  0 . 5 0 3  a t  room t e m p e r a t u r e  to  0.480 a t  t h e  t e m p e r a t u r e  
o f  70°c. B P B - p i p e r a z i n e  complex was t e m p e r a t u r e  s e n s i t i v e  
t h e  a b s o r b a n c e  d e c r e a s e d  r a p i d l y  f rom  0 . 4 7 8  a t  room 
t e m p e r a t u r e  t o  0 . 3 6 7  a t  t e m p e r a t u r e  o f  70°c. The a b s o r b a n c e  
o f  t h e  complex d e c r e a s e d  m ig h t  be due t o  t h e  d i s s o c i a t i o n  o f  
t h e  complex a t  h i g h  t e m p e r a t u r e .  BPB showed t e m p e r a t u r e  s e n s i 
t i v e  w h i l e  BCG, BTB and BCP d i d  n o t .  Owing t o  t h e  maximum i n 
t e n s i t y  o f  t h e  compilexs were  a t t a i n e d  a t  once i n  room t e m p e r a 
t u r e ,  no h e a t i n g  p r o c e s s  was n e c e s s a r y  .
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S e l e c t i o n  o f  S u i t a b l e  Dye f o r  Q u a n t i t a t i ve D e t e r m i n a t i o n  
o f  P i p e r a z i n e  and I t s  S a l t s  by Compared V a r i o u s  E x p e r i m e n t a l  
P a r a m e t e r s

A f t e r  s t u d y i n g  t h e  e x p e r i m e n t a l  p a r a m e t e r s  f o r  
t h e  c o m p le te  r e a c t i o n  and c o n s e q u e n t l y  maximum . a b s o r p t i o n  
b e tw e e n  p i p e r a z i n e  and f o u r  s u l f o n p h t h a l e i n  d y e s .
The mos t  s u i t a b l e  dye was s e l e c t e d  a s  t h e  c o l o r  f o r m in g  
a g e n t .  The c o n d i t i o n s  s t u d i e d  were  summarized  and  shown 
i n  T a b l e  7« The r e s u l t  shown i n d i c a t e d  t h a t  BT3 was 
s e l e c t e d  a s  t h e  dye o f  c h o i c e  b e c a u s e  o f  i t s  h i g h  l i n e a r  
a b s o r b a n c e  c o n c e n t r a t i o n  r e l a t i o n s h i p  w i t h  v e r y  good 
r e p r o d u c i b i l i t y .  The i n t e n s i t y  o f  t h e  complex c o l o r e d  was 
s t a b l e  t h r o u g h  o u t  t h e  p e r i o d  o f  t im e  s u f f i c i e n t  f o r  
q u a n t i t i t i v e  work .  A l t h o u g h  t h e  c o l o r  o f  t h e  complex 
was s u s c e p t i b l e  t o  t e m p e r a t u r e  b u t  i t s  a b s o r b a n c e  was 
s l i g h t l y  d e c r e a s e  a t  t h e  t e m p e r a t u r e  h i g h e r  t h a n  40°c, 
h ow e v e r ,  room t e m p e r a t u r e  d i d  n o t  e x c e e d  40°c  so t h i s  
e f f e c t  was n e g l i g i b l e .  BCP showed h i g h  l i n e a r  a b s o r b a n c e  
c o n c e n t r a t i o n  r e l a t i o n s h i p  e q u a l  t o  BTB b u t  i t s  c a l i b r a t i o n  
c u r v e  showed h i g h e r  s e n s i t i v i t y  t h a n _  2TB. U n f o r t u 
n a t e l y ,  p o o r  r e p r o d u c i b i l i t y  was o b t a i n e d  w i t h  t h e  h i g h e r  
c o n c e n t r a t i o n ,  how eve r ,  i t  showed good s t a b i l i t y  t o  t im e  
t h e  same a s  BTB b u t  l e s s  s t a b l e  t h a n  BCG. BCP was l e s s  รนธce 
t i b i a  t o  t e m p e r a t u r e t h a n  BTB, i t s  a b s o r b a n c e  a p p e a r e d  

unchange  u n t i l  50°c so BCP was s e l e c t e d  a s  t h e  second  dye o f
c h o i c e .
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3PB was n o t  s u i t a b l e  a s  t h e  c o l o r  f o r m i n g  a g e n t  
i n  q u a n t i t a t i v e  work w i t h  p i p e r a z i n e  due t o  i t s  h i g h  s u s 
c e p t i b i l i t y  t o  t im e  and t e m p e r a t u r e .  The p ro b l e m s  m ig h t  
be a r i s i n g  when c o n c e n t r a t i o n  o f  dye was v a r i e d ,  c a u s i n g  
e r r o n e o u s  r e s u l t s  s i n c e  t h e  w a v e l e n g t h  f o r  maximum a b s o r p t i o n  
m ig h t  a l t e r ,  o t h e r w i s e  i n c o m p l e t e  r e a c t i o n  m ig h t  o c c u r .
BPB a l s o  showed t h e  s h o r t e s t  l i n e a r  a b s o r b a n c e  r e l a t i o n s h i p  
b e tw e e n  f o u r  s u l f o n p h t h a l e i n  d y e s  and  i t s  s l o p e  was l e s s  
s t e e p  t h a n  o t h e r  d y e s .

BTB was u s e d  s u c c e s s f u l l y  i n  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  o f  p i p e r a z i n e  and i t s  s a l t s  i n  t he  c o n c e n t r a t i o n  
o f  4 »00xlO- ^ ! .  F o r  r o u t i n e  work ,  a  1 5 0  mg. sample  
( a s  p i p e r a z i n e  h e x a h y d r a t e )  พ?,ร recommended f o r  c o n v e n i e n c e  
i n  w e i g h i n g ,  e x t r a c t i n g  and making  up t h e  s o l u t i o n .  The 
BTB c o n c e n t r a t i o n  u s e d  i n  e a c h  s e r i e s  o f  e x p e r i m e n t s  was 
c o n s t a n t  and was a p p r o x i m a t e l y  s i x  t i m e s  o f  t h e  maximum 
c o n c e n t r a t i o n  o f  p i p e r a z i n e  u s e d .  The a b s o r b a n c e  o f  t h e  
complex  was m e a s u re d  w i t h i n  35 m i n u t e s  a f t e r  t h e  complex 
was fo rm e d .

D e t e r m i n a t i o n  o f  t h e  P e r  C en t  L a b e l l e d  Amount c f  P i p e r a z i n e  
a s  Hexa h y d r a t e  i n  P i p e r a z i n e  C i t r a t e  S y rup  IJSP XX U s in g  
Bromthymol  B lue  Me shod and O f f i c i a l  G r a v i m e t r i c  I-lethod

P i p e r a z i n e  c i t r a t e  s y r u p  ÜSP XX was p r e p a r e d  and t h e
c o n t e n t  o f  p i p e r a z i n e  i n  5 m l .  p o r t i o n  o f  t h e  s y r u p  c a l c u l a t e d
a s  h e x a h y d r a t e  was d e t e r m i n e d  by b romthymol  b lu e  method and

( 18)o f f i c i a l  g r a v i m e t r i c  m e tho d ' The r o s u l t s  o b t a i n e d  were
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compared  i n  T a b le  8 .  The mean v a l u e  o f  t h e  p e r c e n t a g e  f rom  f i v e  
d e t e r m i n a t i o n s  was 1 0 5 . 9 6  i° w i t h  c o e f f i c i e n t  o f  v a r i a t i o n  o f  
0 . 2 3  f o r  t h e  BTB method  and 1 0 6 . 7 6  °/o w i t h  c o e f f i c i e n t  o f  
v a r i a t i o n  o f  0 . 2 7  f o r  t h e  o f f i c i a l  g r a v i m e t r i c  method^ . The 
d a t a  p r e s e n t e d  were  shown a  good p r e c i s i o n  ล.nd a  c l o s e  r e l a t i o n 
s h i p  b e tw ee n  t h e  two m e th o d s .  I t  was e v i d e n t  t h a t  t h e  BTB 
method  gave r e p r o d u c i b l e  r e s u l t s  compare w e l l  w i t h  t h e  o f f i c i a l  
g r a v i m e t r i c  m e t h o d ^ ® ^ .

The h i g h  r e s u l t s  o b t a i n e d  from d e v e l o p e d  f o r m u l a  were 
c a u s e d  by t h e  i n a c c u r a c y  i n  p r o c e s s  o f  p r e p a r a t i o n  b u t  t h e  p e r  
c e n t  l a b e l l e d  am oun ts  were w i t h i n  บ. s . p .  l i m i t (  9 3 . 0 - 1 0 7 . 0  r/c ) , 
t h u s  t h i s  p r e p a r a t i o n  was c o n t i n u o u s l y  u s e d  f o r  t h e  p u r p o s e  o f  
t e s t i n g  a c c u r a c y  i n  p e r  c e n t  r e c o v e r y .

Det e r m i n a t i o n  o f  P e r c e n t a g e  R e co v e r y  o f  P i p e r a z i n e  C i t r a t e  i n  
P i p e r a z i n e  C i t r a t e  Syrup  ï ï . s . p ,  XX by Bromthymc l  B lue  l^sthod 
and  O f f i c i a l  G r a v i m e t r i c  Method

To check  t h e  a c c u r a c y  o f  t h e  m e tho d ,  r e c o v e r y  e x p e r i m e n t  
was p e r f o r m e d .  Owing to  o t h e r  e x c i p i e n t s  i n  d o s a g e  fo rm m ig h t  
i n t e r f e r e  t h e  a b s o r b a n c e  o f  t h e  sample  t h e s e  i n t e r f e r e n c e s  c o u ld  
be t e s t e d  by a d d i n g  d i f f e r e n t  a c c u r a t e l y  w e ighed  amount  o f  
s t a n d a r d  p i p e r a z i n e  c i t r a t e  100 ,  1 2 5 , 1 5 0  nig. t o  p i p e r a z i n e  
c i t r a . t e  s y r u p  w hich  t h e  e x a c t  amounts  o f  p i p e r a z i n e  c i t r a t e  
p r e s e n t e d  were known. P i p e r a z i n e  f r e e  ba.ses were  e x t r a c t e d  w i t h  
c h l o r o f o r m  and t h e n  t r e a t e d  w i t h 4 . 00xl0~^M BTB a b s o r b a n c e  o f  t h e
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r e s u l t i n g  s o l u t i o n  was m e a s u r e d .  Amount o f  p i p e r a z i n e  added  
was c a l c u l a t e d  a s  h e x a h y d r a t e  by s u b t r a c t i n g  t h e  t o t a l  
a b s o r b a n c e  o f  t h e  r e s u l t i n g  s o l u t i o n  w i t h  t h e  a b s o r b a n c e  
o f  t h e  s a m p le .  P e r c e n t  r e c o v e r i e s  were c a l c u l a t e d  and 
t h e  r e s u l t s  were g i v e n  i n  T a b l e  9 •

The r e p r o d u c i b i l i t y  s t u d y  was a l s o  p e r f o r m e d  by
r u n n i n g  f i v e  r e p l i c a t e  a s s a y s  o f  e a c h  w e i g h t .  The d a t a
o b t a i n e d  i n  T a b l e  9 i n d i c a t e d  t h a t  BTB method gave p e r  c e n t
r e c o v e r i e s  o f  101 .98»  9 8 . 9 9  and 1 0 0 . 9 7  w i t h  c o e f f i c i e n t  o f

v a r i a t i o n  o f  0 . 3 9 » 0 . 4 0  and 0 . 4 7  f o r  t h e  w e i g h t  o f
p i p e r a z i n e  added  ะ 1 0 0 , 1 2 5  and 1 5 0  mg. 5 r e s p e c t i v e l y .

( 18 )I n  o f f i c i a l  g r a v i m e t r i c  m e th o d '  , t h e  p e r  c e n t  r e c o v e r i e s
were  1 0 1 . 3 9 » 1 0 0 . 6 9 , 100 .12  w i t h  c o e f f i c i e n t  o f  v a r i a t i o n  o f
0 . 4 7 » 0 * 3 9  a n d  0 . 7 8  f o r  t h e  w e i g h t  o f  p i p e r a z i n e  added  5
1 00 ,  1 2 5  and 1 5 0  m g . ,  r e s p e c t i v e l y .  The r e s u l t e d  d a t a
showed t h a t  b o t h  BTB method  and o f f i c i a l  g r a v i m e t r i c  

( 18 )m e th o d '  ' were  o b t a i n e d  good r e c o v e r i e s  w i t h  h i g h  r e p r o -  
d u c i b i t y  f o r  d i f f e r e n t  w e i g h t  o f  p i p e r a z i n e  a d d e d .  The 
p r e s e n c e  o f  o t h e r  e x c i p i e n t s  showed no s i g n i f i c a n t  
d i f f e r e n c e  on t h e  d e v e lo p m e n t ,  i n t e n s i t y  and s t a b i l i t y  o f  
t h e  complex fo rm ed  .

A n a l y s i s  o f  P i p e r a z i n e  and I t s  S a l t s  i n  Commerc ia l  P h a r m a c e u t i c a l  
Dosage F orm s ,  U s in g  Bromthymol B lue  and O f f i c i a l  G r a v i m e t r i c  
Method

To s u b s t a n t i a t e  t h e  v a l i d i t y  o f  t h e  m e tho d ,  t e n  
c om m erc ia l  a v a i l a b l e  f o r m u l a t i o n s  c o n t a i n i n g  v a r i o u s  s a l t s
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o f  p i p e r a z i n e ,  e , g . , c i t r a t e ,  h y d r a t e  and  a d i p a t e  w i t h  d i f f e r e n t  
d o s a g e  fo rm s  and  c om m erc ia l  s o u r c e s  were  a n a l y z e d  by  t h e  proposed  
BTB m ethod ,  w h i l e  o f f i c i a l  g r a v i m e t r i c  m e th o d s ^ - ®’ ' ^ ’ ' ' ^  were 
u s e d  a s  a  c o m p a r a t i v e  means o f  a n a l y s i s .  t h e  r e s u l t s  o b t a i n e d  
i n  T a b l e  11 showed good a g r e e m e n t  b e tw ee n  t h e  p r o p o s e d  BTB 
method and o f f i c i a l  g r a v i m e t r i c  m e t h o d i ^ k ’ ' ^ ’ .

The r e s u l t  o b t a i n e d  was t h e  mean v a l u e  o f  f i v e  
r e p l i c a t e  a s s a y s  o f  e a c h  s a mple e x p r e s s e d  a s  p e r c e n t a g e  o f  the  
amount d e c l a r e d .  E i g h t  i n  t e n  p r e p a r a t i o n s  were  w i t h i n  pha rm a-  
c o p e i a l  l i m i t s  e x c e p t  sample  B showed h i g h e r  r e s u l t ,  w h i l e  
sample  I  showed l o w e r .  Two t y p e s  o f  s y r u p  were s t u d i e d ; o n e  
was s y r u p  บ . s . p .  , c o n s i s t e d  o f  5 0 0  nig* o f  p i p e r a z i n e  a s  
h e x a h y d r a t e  p e r  5 m l . ,  and t h e  o t h e r  พ?.ร s y r u p  BPC, c o n t a i n e d  
7 5 0  mg. o f  p i p e r a z i n e  a s  h e x a h y d r a t e  p e r  5 ml* The r e s u l t s  
were  i n  c l o s e  v a l u e  w i t h  c o e f f i c i e n t  o f  v a r i a t i o n  i n  t h e  r a n g e  
o f  0 . 2 2  t o  0 . 4 8  f o r  t h e  p r o p o s e d  BTB method  and  0 . 0 6  t o  0 . 7 9  

f o r  t h e  o f f i c i a l  g r a v i m e t r i c  methoda . I n  e l i x i r , - e a c h
5 ml,  p o r t i o n  c o n t a i n e d  7 5 0  mg. o f  p i p e r a z i n e  a s  h e x a h y d r a t e ,  
t h e  r e s u l t s  o b t a i n e d  were  shown c o e f f i c i e n t  o f  v a r i a t i o n  i n  
t h e  r a n g e  o f  0 . 2 6  t o  0 . 8 8  f o r  BTB method and 0 . 0 4  t o  0 . 0 8  f o r  
o f f i c i a l  g r a v i m e t r i c  method^ ' ^ .  The mean v a l u e  o f  p e r c e n t a g e  
o f  p l a i n  and c o a t e d  t a b l e t  were 93*41 and 8 7 . 9 6  w i t h  c o e f f i c i e n t  
o f  v a r i a t i o n  o f  0 . 7 0  and 0 . 7 6  f o r  b r o n th y m o l  b l u e  method  and =
9 2 . 0 4  (, cv  = 0 . 5 1 ) and  8 6 . 6 5  i f  c v  = 0 . 9 9 ) f o r  o f f i c i a l

( 1 8 ) .p r ° v i m e t r i c  method I n  c a p s u l e ,  t h e  r e s u l t s  o b t a i n e d
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wore 9 5 .6 8  w i t h  c o e f f i c i e n t  o f  v a r i a t i o n  o f  0 .4 1  and 9 6 . 4 ^ 
w i t h  c o e f f i c i e n t  o f  v a r i a t i o n  o f  0 . 1 3  f o r  b r o m th y n o l  b l u e  
and o f f i c i a l  g r a v i m e t r i c ^ " ^ ,  r e s p e c t i v e l y .

O t h e r  e x c i p i e n t s  i n  d osa g e  fo rm s  m ig h t  i n f l u e n c e  t h e  
a b s o r b a n c e  o f  t h e  sample  s u c h  a s  c o l o r i n g  a g e n t  and any  o t h e r  
w a t e r  s o l u b l e  compounds .  They were  e l m i n a t e d  i n  t h e  s t o p  o f  
e x t r a c t i o n  o f  p i p e r a z i n e  a s  a  f r e e  b a s e  s i n c e  w a t e r  s o l u b l e  
s u b s t a n c e s  were m a i n t a i n e d  i n  t h e  aq u e o u s  p h a s e ,  t h e n  o n l y  
c h l o r o f o r m  s o l u b l e  s u b s t a n c e s  were p a r t i c i p a t e  w i t h  p i p e r a z i n e  
f r e e  b a s e  i n  e x t r a c t i o n .  I n  t h e s e  e x t r a c t i o n s ,  t h e r e  were  no 
compounds c o n t a i n i n g  n i t r o g e n  g ro u p  p r e s e n t e d  i n  a n t h e l m i n t i c  
p r e p a r a t i o n s  o f  p i p e r a z i n e  so t h e r e  were  no i n t e r f e r e n c e s  i n  
t h i s  m e thod .  I n  t h e  o f f i c i a l  g r a v i m e t r i c  m e t h o d ^ ' ^ ’ t h e  
s y r u p  was w eighed  and p r e o i p i t a t e d  d i r e c t l y  w i t h  t r i n i t r o p h e n o l  
s o l u t i o n ,  so some e x c i p i e n t s  m ig h t  be fo rm ed  p r e c i p i t a t e  w i t h  
t r i n i t r o p h e n o l ,  c a u s i n g  t h e  h i g h e r  r e s u l t s  a l t h o u g h  i n  t a b l e t  
o r  c a p s u l e ,  t h e  s t e p  o f  f i l t r a t i o n  b e f o r e  p r e c i p i t a t i o n  was 
r e q u i r e d  b u t  i t  c o u l d  remove o n l y  w a t e r  i n s o l u b l e  s u b s t a n c e s  
such  a s  k a o l i n ,  s t a r c h ,  magnesium s t e a r a t e ,  t a l c ,  e t c .  I n  
s o f t  g e l a t i n  c a p s u l e  (Sample  j ) ,  r e m o v in g  p a s t y  c o n t e n t  from 
t h e  c a p s u l e  must  be c a r e f u l l y  done o t h e r w i s e  l o w e r  r e s u l t
m ig h t  be o b t a i n e d
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