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C H A P T E R  I V  

R E S U L T S

1 . C h a r a c t e r i z a t i o n  o f  p r a l id o x im e  c h lo r id e  s t a r t in g  m a t e r ia l

1.1 Morphology study
Pralidoxime chloride powders were examined using scanning electron 

microscope at different magnifications. The shape and surface o f pralidoxime chloride powder is 
illustrated in Figure 9.

1.2 X-ray powder diffraction analysis
Pralidoxime chloride powder was examined using x-ray powder diffraction 

analysis. The x-ray powder diffraction pattern is illustrated in Figure 10. The XRPD pattern 
consists o f  a series o f  peaks detected at characteristic scattering angles to be used as reference for 
the starting material in order to compare with that o f the subsequent ones. Pralidoxime chloride 
starting material powder was indicated by the strong and sharp peak intensities, especially at three 
main sharp diffraction peaks at 17.5° , 23° and 28° 2 0.

1.3 Thermal analysis study

DSC pattern is illustrated in Figure 11. The onset melting temperature o f  
pralidoxime chloride was at approximately 2 2 0 ° c  and the peak was located at 2 2 4 °c . There 
were no other thermal events shown from temperatures 25๐c  to 2 1 0 ° c  on the DSC thermogram.

1.4 Infrared Spectrophotometry
The infrared absorption spectrum o f pralidoxime chloride powder is shown 

in Figure 12. The principle peaks were aromatic compound at wave number around 1500 c m 1 
and wave number 2700 cm '.

2 .  T h e r m a l  a n a ly s i s  o f  p r a l id o x im e  c h lo r id e  f r o z e n  s o lu t io n

2.1 Frozen behavior without thermal treatment
2.1.1 Preliminary freezing study

DSC was used as a tool to freeze 5% pralidoxime chloride solution and as a 
thermal analytical method to detect a change in thermal behavior o f the frozen solution.
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c D

Figure 9 Photomicrograph o f pralidoxime chloride powder at different magnification 
A : X  100, B : x500, c  : x l,000  and D : x l0 ,000
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Figure 10
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X-ray powder diffractogram o f pralidoxime chloride starting material powder.
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Figure 11
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DSC thermogram o f pralidoxime chloride starting material powder scanned from 
25๐c  to 3 0 0 ° c  at a scan rate o f 10°c/m in.
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Figure 12 The infrared absorption spectrum of pralidoxime chloride starting material 
powder.
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Figure 13 The standard infrared spectrum o f pralidoxime chloride from “The Aldrich
Library o f Infrared Spectrum Ed. Ill”
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- 1 2 ° c  A B -1 0 .3 ° c

"exo

LO

I n t e g r a l  -1 8 0 .1 1  m j 
n o rm a lis e d  - 1 6 .2 3  J g A- l  

O n se t - 1 2 .5 0  * c
Peak * 1 2 .0 9  * c
E n d se t - 1 1 .9 3  * c

I n t e g r a l  - 3 6 .0 3  m j 
n o rm a liz e d  - 3 .2 5  J g A- l  

O n se t - 1 0 .5 9  *c
Peak - 1 0 .2 9  * c
E n d s e t - 1 0 .0 6  * c

E x p e r im e n t:  P r a l id o x im e  c h lo r id e ,  0 2 .0 4 .2 0 0 3  1 2 :3 8 :2 4  

M e th o d : P r a l id o x im e  c h lo r id e ( th e rm o g ra m )
2 5 .0 — 4 0 .0 * 0  - 0 .5 0 * c /m in
- 4 0 . 0 - 1 0 .0 * 0  0 .5 0 * c /m in  N2, 1 0 .0  m l/m in

> 8 .9 8  - 3 5 .0 0  - 3 0 .0 0  - 2 5 .0 0  - 2 0 .0 0  -1 5 .T i l l 1 ..4..4—I—|—4..1..H + H ..I...t..1..4 .1...t..H- 3 5 .0 0 - 3 0 .0 0 ■2 5 .0 0 - 2 0 . 0 0 - 1 5 .0 0 - 1 0 . 0 0

3 0 .0 0 1 4 0 .0 0  1 5 0 .0 0 1 6 0 .0 0 1 7 0 .0 0  1 8 0 .0 0 1 9 0 .0 0  2 0 0 .0 0 2 1 0 . 0 0 2 2 0 , 0 0

DEMO Version METTLER TOLEDO STAR® System

Figure 14 DSC thermogram o f 5% pralidoxime chloride solution during heating cycle of
0 .5°c/m in . (cooling from 25°c to -4 0 °c  at the rate o f  0 .5°c/m in .) from 
temperature 25° c  to -40°c and -4 0 ° c  to 10°c.
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The sample was cooled at 0 .5°c/m in  from 25°c to -4 0 °c  followed by heating from 
-4 0 °c  to 1 0 ° c  at 0 .5°c/m in . The DSC thermograms are shown in Figure 14.

When pralidoxime chloride was frozen, an exotherm with an onset at - 2 0 ° c  was 
observed (data not shown). During heating, there were no thermal events between -40 to - 2 0 ° c .  

Three endotherms were found in DSC thermogram at eutectic melting region. The temperatures 
of three endotherms are - 1 2 ° c  (peak A) and - 1 0 . 3 ° c  (peak B) and 0 ° c  (peak c ) ,  respectively.

2.1.2 Thermal behavior o f frozen solution comparing various cooling 
rates

Samples were cooled from room temperature (25 ° c )  to freezing 
temperature (-4 0 °c )  and heated to 1 0 °c  at different rates. The cooling and heating rates were 
varied at 1, 5, 10, 20 °c /m in  as described in Table 2. The DSC thermograms obtained are shown 
in Figures 1 5 -2 2 .

In Figure 15, DSC thermograms o f 5% pralidoxime chloride solution were 
scanned by using the same heating rate at l°c /m in  but different cooling rates o f  1,5,10 and 
20°c/m in . The three endothermic peaks were observed at the temperatures o f  approximately -12, 
-10 and 0 ° c ,  respectively. The three peaks were located at the same position.

For Figure 16, DSC patterns o f pralidoxime chloride solution were scanned 
by using heating rate o f  5๐c/m in but different cooling rates. During heating, all thermograms 
present only two endothermic peaks. The observed endotherms represented at approximately 
- l l ° c  and 2 ° c .

In Figure 17, the thermal events at melting region show two endothermic 
peak at approximately - 1 0 ° c  and 4 ° c .

In Figure 18, the heating rate was set at 20 °c /m in  for every thermograms 
with various cooling rates. Two endothermic peaks were found at the temperature of 
approximately - 9 ° c  and 4 ° c  with low heat capacity.

2.1.3 Thermal behavior o f frozen solution comparing various heating 
rates

The experiment was set similar to that o f  experiment 2.2. DSC thermograms
were compared when scanned using the same cooling rate but different heating rates.
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Table 2 The scanning rates for DSC thermogram at different cooling and heating rate

F ig u r e C o o l in g  r a t e H e a t in g  r a te F ig u r e H e a t i n g  r a t e C o o l in g  r a t e

15A 1 1 19A 1 1
15B 5 1 19B 5 1
15C 10 1 19C 10 1
15D 20 1 19D 20 1
16A 1 5 20A 1 5
16B 5 5 20B 5 5
16C 10 5 20C 10 5
16D 20 5 20D 20 5
17A 1 10 21A 1 10
17B 5 10 21B 5 10
17C 10 10 21C 10 10
17D 20 10 21D 20 10
18A 1 20 22A 1 20
18B 5 20 22B 5 20
18C 10 20 22C 10 20
18D 20 20 22D 20 20
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A: Cooling rate = 1

B: Cooling rate = 5

D E M O  V e rs io n  
Ae xo

M E T T L E R  T O L E D O  S T A R *  S y s te m

V

Method: Fralidoximfi ch loride(-10/1)
25.0— 40.0’ c -10.00*c/min
-40.0-10.0*c 1.00*c/mln N2, 10.0 ml/min

C: Cooling rate =

-40 -35 -25 ■ -20 -15 . ^0 _s ■ ■ ■ Ô s ’ *c

D E M O  V e rs io n  
Ae xo

M E T T L E R  T O L E D O  S  TA R 4'- S y s te m

Method: Pralidoxime ch lo rid e (-20/1)
25.0— 40.0*c -20.00*c/min
-40.0~10.0*c 1.oo'c/mln N2, 10.0 ml/m

D: Cooling rate =

D E M O  V e rs io n

Figure 15
M E T T L E R  T O L E D O  ST A R '1 S y s te m

DSC thermogram with the same heating rate o f  1 c/m in  but with various 
cooling rates

C/min.

C/min.

10°c/m in.

20°c/m in .
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Ae xo

■ 40______ —3S_______ -30_______ -25_______ =20_______ - is _______^10____  _ r. — — —-g_— ■ ร่ 'c
D E M O  V e rs io n  M E.TTLER T O L E D O  STAR*' S ys te m
Ae xo

-40 " ' ' ' - 35’ ' -30 * ' - 25' -20* -15 -10 - 5 0  5 *c
D E M O  V e rs io n  
Aexo

M E T T L E R  T O L E D O  S T A R * S ys tem

D EM O  V e rs io n  30 25 20 15 10 M E T T L E R  T O L E D O  S T A R * S ys te m

A: Cooling rate = 1๐c/min.

B: Cooling rate = 5 ๐ c/min.

C: Cooling rate = 10°c/m in.

D: Cooling rate = 20°c/m in .

Figure 16 DSC thermogram with the same heating rate o f 5 °c /m in  but with various
cooling rates
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A: Cooling rate = 1 c/min.

B: Cooling rate = 5 c/m in.

D E M O  V e rs io n  
Aexo

M E T T L E R  T O L E D O  S T A R * S ys te m

Method: Pralidoxlme chloride(-10/10)
25.0— 40.0*c -10.00*C/min
-40.0-10.0'C 10.oo’ c/min N2 , 10.0 ml/min

-20 - i s ’ ■ —10 -5 ' ' ’ ' 6 ' ร ' '  ’ *c
D E M O  V e rs io n  
Aexo

M E T T L E R  T O LE D O  S T A R * S ys te m

D E M O  V e rs io n

Figure 17
M E T T L E R  T O L E D O  S T A R " S ys te m

C: Cooling rate = 1 0  c/m in.

D: Cooling rate = 20 c/m in.

DSC thermogram with the same heating rate o f  10 c/m in  but with various
cooling rates
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D E M ๐  V e rs io n  L . ............. ................ M F T T I.F R  TOÏ!'EDO"s t a r * System
Aexo

A: Cooling rate = l°c /m in .

D E M O  V e rs io n  
Ae xo

MÊTTLGR TOLEDO STAR  ' System

B: Cooling rate = 5 c/m in.

C: Cooling rate =  10 c/m in.

cooling rates
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In  F ig u r e  1 9 , D S C  th e r m o g r a m s  o f  p r a l id o x im e  c h lo r id e  s o lu t io n  w e r e  

s c a n n e d  b y  u s in g  s a m e  c o o l in g  ra te a t l ° c / m i n  b u t d if fe r e n t  h e a t in g  ra te s  o f  1, 5 , 1 0  a n d  

2 0 ° c / m i n .  T h e  e n d o th e r m ic  p e a k s  a p p e a r e d  at d if fe r e n t  te m p e r a tu r e  p o s i t io n s .  T h e r e  are th ree  

e n d o th e r m ic  p e a k s  at th e  h e a t in g  ra te  o f  l ° c / m i n .  A t  h ig h e r  h e a t in g  r a te s , th e  e n d o th e r m ic  p e a k s  

are s h o w e d  o n ly  t w o  p e a k s  in  th e  th e r m o g r a m s .

F o r  F ig u r e s  2 0 ,  21  a n d  2 2 ,  th e  c o o l in g  ra te s  w e r e  s e t  a t 5 , 1 0  a n d  2 0 ° c / m i n ,  

r e s p e c t iv e ly .  T h e  D S C  p a tte r n s  a p p e a r e d  in  th e  s a m e  w a y  a s  in  F ig u r e  1 9 . T h e  e n d o th e r m ic  p e a k s  

a n d  th e  r e s o lu t io n  d e c r e a s e d  fr o m  th ree  to  tw o  p e a k s  w h e n  th e  h e a t in g  ra te  is  fa s te r .

2 .2  T h e r m a l b e h a v io r  w ith  th erm a l trea tm e n t

2 .2 .1  A n n e a l in g  b e fo r e  th e  p r e d e te r m in e d  f r e e z in g  te m p e r a tu r e .

S a m p le s  w e r e  c o o le d  fr o m  r o o m  te m p e r a tu r e  ( 2 5 ° c )  a t th e  ra te o f

2 0 ° c / m i n  to  th e  d e s ig n a te d  a n n e a lin g  te m p e r a tu r e s  a n d  a n n e a le d  at th is  te m p e r a tu r e  fo r  1 hr. T h e  

a n n e a lin g  te m p e r a tu r e s  s e le c t e d  w e r e  at - 1 2 ,  -1 5  a n d  - 1 7 ° c ,  w h e r e  t h e y  w e r e  s itu a te d  a r o u n d  th e  

tw o  im p o r ta n t s u b -z e r o  e n d o th e r m s  o b ta in e d  fr o m  th e  e x p e r im e n ts  s h o w n  in  f ig u r e  1 5 D . T h e  

D S C  th e r m o g r a m s  o b ta in e d  fr o m  th is  e x p e r im e n t  (a t  a h e a t in g  ra te o f  l ° c / m i n )  are il lu s tr a te d  in  

F ig u r e  2 3  fo r  th e  a n n e a l in g  te m p e r a tu r e s  o f -1 2 ,  -1 5  a n d  - 1 7 ° c .

F r o m  e x p e r im e n t  2 .2 ,  D S C  th e r m o g r a m s  w ith o u t  a n n e a l in g  r e p r e s e n t  th e  

e n d o th e r m ic  p e a k s  at a p p r o x im a te ly  - 1 2 , - 1 0  a n d  0 ° c .  In  th is  e x p e r im e n t ,  th e  e n d o th e r m ic  p e a k s  

w e r e  at te m p e r a tu r e s  o f  - 1 1 .4 ,  -9 .5  a n d  - 2 . 4 ° c  w ith  r e s p e c t  to  a ll th r e e  a n n e a l in g  te m p e r a tu r e s  

u s e d  (F ig u r e  2 3 ) .

2 .2 .2  A n n e a l in g  a fter  th e  p r e d e te r m in e d  f r e e z in g  te m p e r a tu r e .

S a m p le s  w e r e  c o o le d  fr o m  r o o m  te m p e r a tu r e  ( 2 5 ° c )  to  th e  f in a l  f r e e z in g

te m p e r a tu r e  ( - 4 0 ° c )  a n d  th e n  h e a te d  (a t rate o f  l ° c / m i n )  to  th e  d e s ig n a te d  a n n e a lin g  

te m p e r a tu r e s  a n d  a n n e a le d  at th at tem p er a tu re  fo r  1 hr. In  th is  s tu d y , th e  d e s ig n a te d  a n n e a lin g  

te m p e r a tu r e s  w e r e  a ls o  s e t  at - 1 2 ,  -1 5  a n d  - 1 7 ° c  a s  in  e x p e r im e n t  2 .3 .1 .  T h e  s a m p le s  w e r e  th e n  

h e a te d  fr o m  th e  a n n e a le d  te m p e r a tu r e s  to  1 0 ° c  at th e  ra te o f  l ° c / m i n .  T h e  D S C  th e r m o g r a m s  

are s h o w n  in  F ig u r e  2 4  fo r  th e  a n n e a lin g  te m p e r a tu r e s  o f - 1 2 ,  -1 5  a n d  - 1 7 ° c .

F r o m  F ig u r e  2 4 ,  th e  e n d o th e r m ic  p e a k s  a p p e a r e d  at te m p e r a tu r e s  o f  a p p r o x im a te ly  - 1 1 .3 ,  -9 .5  a n d  

- 2 . 6 ° c  w h e n  a n n e a l in g  te m p e r a tu r e  - 1 2  a n d  - 1 5 ° c  w e r e  u s e d .  T h e  e n d o th e r m ic  p e a k s  o f  th e  

th e r m o g r a m  at a n n e a l in g  te m p e r a tu r e  o f - 1 7 ° c  are - 1 2 .2 ,  -1 0 .3  a n d  - 3 . 2 ° c .



D E M O  V e rs io n  M E T T L E R  T O L E D O  STAR'* S ys te m
Ae xo  __ _____________________________________________________________________________

-25 -20 -15 -io  -5 Ô 5 *c
D E M O  V e rs io n  
Ae x o

M E T T L E R  T O L E D O  S T A R * S ys te m

D E M O  V e rs io n  .................................  .............. : .............. ........M E T T X E R ^fO L E D O  ST AR »''Sy8teS i

A : H e a t in g  ra te  =  l ° c / m i n .

B : H e a t in g  ra te =  5 ° c / m i n .

C : H e a t in g  ra te  =  1 0 ° c / m i n .

D : H e a t in g  ra te  =  2 0 ° c / m i n .

Figure 19 DSC thermogram with the same cooling rate of l°c/min but with various
heating rates.



41

D E M O  V e rs io n  M E T T L E R  T O L E D O  S T A R « S ystem
Aexo

A : H e a t in g  ra te  =  1 ๐ c / m i n .

B : H e a t in g  ra te =  5 °  c / m i n .

C : H e a t in g  ra te =  1 0 ° c / m i n .

D : H e a t in g  ra te  =  2 0 ° c / m i n .

Figure 20 DSC thermogram with the same cooling rate of 5°c/min but with various
heating rates.
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Aexo

-io  -5 6 5 *c
D E M O  V e rs io n  
Ae xo

M E T T L E R  T O L E D O  S T A R 1 S ystem

A : H e a t in g  ra te =  l ° c / m i n .

B : H e a t in g  ra te  =  5 ° c / m i n .

C : H e a t in g  ra te =  1 0 ° c / m i n .

D : H e a t in g  ra te =  2 0 ° c / m i n .

Figure 21 DSC thermogram with the same cooling rate of 10°c/min but with various
heating rates.
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D E M O  V e rs io n  M E T T L E R  T O L E D O  S T A R * S ys te m
Ae xo________________________________________________________________________________________________

D E M O  V e rs io n  M E T T L E R  T O L E D O  S T A R * S ys te m

D E M O  V e rs ion M E T T L E R  T O L E D O  S T A R * S ys te m

A : H e a t in g  ra te =  l ° c / m i n .

B : H e a t in g  ra te =  5 ° c / m i n .

C : H e a t in g  ra te =  1 0 ° c / m i n .

D : H e a t in g  ra te =  2 0 ° c / m i n .

Figure 22 DSC thermogram with the same cooling rate of 20°c/min but with various
heating rates.
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C: -17°c

F ig u r e  2 3  D S C  th e r m o g r a m : A n n e a l in g  te m p e r a tu r e s  o f - 1 2 ,  -1 5  a n d  - 1 7 ° c  fo r  1 h r  b e f o r e  th e

p r e d e te r m in e d  f r e e z in g  tem p e r a tu r e . (C o o l in g  ra te  =  2 0 ° c / m i n ,  H e a t in g  ra te  =  l ° c / m i n )
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A B I c

predetermined freezing temperature. (Cooling rate = 20°c/min, Heating rate = l°c/min)
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3  F r e e z e  d r y i n g  e x p e r i m e n t

T h e  5%  s a m p le  s o lu t io n s  w e r e  s u b je c te d  to  f r e e z e  d r y in g  c y c l e  u s in g  f r e e z in g  

te m p e r a tu r e  r a te s  a n d  a n n e a l in g  te m p e r a tu r e s  r e m in is c e n t  to  th e  D S C  f r e e z in g  c o n d it io n  o b ta in e d  

fr o m  2 .2 .1  a n d  2 .2 .2  to  h o p e f u l ly  p r o d u c e  th e  d e s ir e d  s o l id  s tru ctu re .

3 .1  A n n e a l in g  b e fo r e  th e  p r e d e te r m in e d  f r e e z in g  te m p e r a tu r e

T h e  p h o to g r a p h s  o f  p r a lid o x im e  c h lo r id e  f r e e z e  d r ie d  p r o d u c ts  are  s h o w n  in  

F ig u r e  2 5 .  T h e  a p p e a r a n c e  o f  f r e e z e  d r ie d  p r a lid o x im e  c h lo r id e  p r o d u c ts  w e r e  w e l l - f o r m e d  c a k e s  

w ith  th e  d r ie d  s o l id  w i t h  th e  s a m e  v o lu m e  a s  th e  s o lu t io n  p r io r  to  f r e e z e  d r y in g . T h e  c o lo r s  o f  a ll  

p r o d u c ts  w e r e  a ls o  w h ite .  T h e  f r e e z e  d r ie d  p r o d u c ts  c o m p o s e d  o f  f in e  p o w d e r  n e tw o r k  in  th e  

c o m p a c t  c a k e  a n d  d id  n o t  s e p a r a te  w h e n  th e  v ia l  w a s  tu rn e d  u p  s id e  d o w n .

3 .2  A n n e a l in g  a fte r  th e  p r e d e te r m in e d  f r e e z in g  te m p e r a tu r e

T h e  p h o to g r a p h s  o f  p r a lid o x im e  c h lo r id e  f r e e z e  d r ie d  p r o d u c ts  are s h o w n  in  

F ig u r e  2 6 .  T h e  a p p e a r a n c e  o f  f r e e z e  d r ie d  p r o d u c ts  are w e l l - f o r m e d  c a k e s  b u t w a s  se p a r a te d  fr o m  

th e  v ia l  w h e n  tu r n e d  o v e r . T h e  c o lo r  w a s  a ls o  w h ite .  T h e  f r e e z e  d r ie d  p r o d u c ts  c o m p o s e d  o f  

lo o s e ly  a g g r e g a te d  c r y s ta l  a n d  c o n s is t e d  o f  m a n y  p o r e s .

4  C h a r a c t e r i z a t i o n  o f  f r e e z e  d r i e d  p r a l id o x im e  c h lo r id e

T h e  f r e e z e  d r ie d  p r a lid o x im e  c h lo r id e  w a s  s u b je c te d  to  th e  f o l l o w in g  a n a ly t ic a l

p r o c e d u r e s .

4 .1  X - R a y  P o w d e r  D if fr a c to m e tr y  ( X R P D )

T h e  r e p r e s e n ta t iv e  p o w d e r  x -r a y  d if fr a c t io n  p a tte r n s  fo r  f r e e z e  d r ie d  

p r a lid o x im e  c h lo r id e  a n n e a le d  at - 1 2 ,  -1 5  a n d  - 1 7 ° c  b e fo r e  r e a c h in g  f in a l  f r e e z in g  te m p er a tu re  

are d e p ic te d  in  F ig u r e  2 7 .  T h e  im p o r ta n t p e a k s  w e r e  sh a rp  a n d  in te n s e  a t 1 7 °  a n d  2 8 ° 2 0 .

T h e  X -r a y  d if fr a c t io n  p a ttern  fo r  f r e e z e  d r ie d  p r a l id o x im e  c h lo r id e  a n n e a le d  

a fter  r e a c h in g  f r e e z in g  te m p e r a tu r e  at - 1 2 , - 1 5  a n d  - 1 7 ° c  are d e p ic te d  in  F ig u r e  2 8 .  T h e  in te n s ity  

o f  th e  h ig h  c r y s t a l l in ity  p e a k s  at 1 7 °  a n d  2 8 °  s t i l l  r e m a in e d .
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Figure 25
te m p e r a tu r e
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Figure 26 Freeze dried pralidoxime chloride annealed after the predetermined freezing
temperature
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4 .2  S c a n n in g  E le c tr o n  M ic r o s c o p y  (S E M )

T h e  p h o to m ic r o g r a p h s  o f  f r e e z e  d r ie d  p r a l id o x im e  c h lo r id e ,  a n n e a le d  b e fo r e  

th e  p r e d e te r m in e d  f r e e z in g  te m p e r a tu r e , are s h o w n  in  F ig u r e  2 9 - 3 1 .  T h e  S E M  p h o to m ic r o g r a p h s  

in d ic a te  ir r e g u la r  s h a p e  o f  c r y s ta ls  w ith  s m o o th  s u r fa c e . T h e  m o r p h o lo g y  o f  f r e e z e  d r ie d  

p r a lid o x im e  c h lo r id e  fo r  th e  th r e e  a n n e a lin g  c o n d it io n s  lo o k e d  s im ila r . T h e  c r y s ta l  f la k e s  w e r e  

o b s e r v e d  a n d  th e  s u r fa c e  o f  f r e e z e  d r ie d  p r o d u c ts  w e r e  p o r o u s  s im ila r  to  th a t  o f  a  b o n e  stru ctu re .

T h e  S E M  p h o to m ic r o g r a p h  o f  f r e e z e  d r ie d  p r a l id o x im e  c h lo r id e  a n n e a le d  

a fte r  th e  p r e d e te r m in e d  f r e e z in g  te m p er a tu re  is  s h o w n  in  F ig u r e s  3 2 ,  3 3  a n d  3 4 ,  r e s p e c t iv e ly .

4 .3  T h e r m a l a n a ly s is  s tu d y

F r e e z e  d r ie d  p r a lid o x im e  c h lo r id e  w a s  s c a n n e d  at th e  ra te  o f  1 0 ° c / m i n  fr o m  

2 5 ° c  to  3 0 0 ° c .  D S C  th e r m o g r a m s  are r e p r e s e n te d  in  F ig u r e s  3 5  fo r  th e  f r e e z e  d r ie d  s o l id s  

o b ta in e d  b y  a n n e a l in g  p r io r  to  fr e e z in g .  A ls o ,  F ig u r e s  3 6  are th e r m o g r a m s  o f  f r e e z e  d r ie d  s o l id s  

o b ta in e d  b y  a n n e a l in g  a f te r  f r e e z in g  at d if fe r e n t  a n n e a lin g  te m p e r a tu r e ..

T h e  D S C  th e r m o g r a m  r e p r e s e n te d  th e  m e lt in g  p o in t  o f  f r e e z e  d r ie d  p r o d u c ts  

fr o m  a n n e a l in g  b e fo r e  c o n d it io n  at a p p r o x im a te ly  a r o u n d  2 2 5 ๐ c .  T h e  th e r m o g r a m s  o b ta in e d  w ith  

s a m p le s  a n n e a le d  a f te r  r e a c h in g  f in a l  fr e e z in g  te m p er a tu re  s h o w e d  th a t th e  m e lt in g  p o in t  is  

lo c a te d  a r o u n d  2 3 0 ° c .

5 .  S t a b i l i t y  o f  f r e e z e  d r i e d  p r a l id o x im e  c h lo r id e

T h e  s o l id  s ta te  s ta b il ity  o f  f r e e z e  d r ie d  p r a lid o x im e  c h lo r id e  w a s  o b s e r v e d  u n d e r  

th e  h u m id  c o n d it io n  a n d  d ry  c o n d it io n . T h e  h u m id ity  w a s  s e t  a t 7 0 %  r e la t iv e  h u m id ity  b y  u s in g  

sa tu ra ted  p o t a s s iu m  io d id e  s o lu t io n  a n d  c o n tr o l le d  te m p er a tu re  at 4 0 ° c .  S a m p le s  w e r e  c h o s e n  fo r  

x -r a y  p o w d e r  d if f r a c t io n  a n a ly s is  a n d  p h o to g r a p h s  o f  e a c h  v ia l  w e r e  c a p tu r e d  d a y  b y  d a y . In  th is  

e x p e r im e n t , th e  f r e e z e  d r ie d  p r o d u c t  u s e d  w a s  th e  o n e  th at a n n e a le d  a f te r  r e a c h in g  th e  f in a l  

f r e e z in g  te m p e r a tu r e  b e c a u s e  o f  th e  h ig h  a m o r p h o u s  c o n te n t  o f  th is  p r o d u c t  w h ic h  m a d e  it v e r y  

u n sta b le .

T h e  p ic tu r e s  o f  f r e e z e  d r ie d  p r a lid o x im e  c h lo r id e  fr o m  d a y  o n e  to  d a y  f iv e  u n d e r  

d ry  c o n d it io n  are s h o w n  in  F ig u r e  3 7  a n d  u n d e r  h u m id  c o n d it io n  are  s h o w n  in  F ig u r e  3 8 . A t  d ry  

c o n d it io n ,  a ll  o f  f r e e z e  d r ie d  p r a lid o x im e  c h lo r id e  c a k e s  w e r e  fo u n d  to  o n ly  s l ig h t ly  c o l la p s e  a fter  

f iv e  d a y s  e x p e r im e n t .  T h e  c o lo r  o f  th e  f r e e z e  d r ie d  p r o d u c t  u n c h a n g e d .
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X  1 ,0 0 0 X  1 0 ,0 0 0

Figure 29 Photomicrograph of freeze dried pralidoxime chloride annealed at -12°c before
the predetermined freezing temperature
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X  1 ,0 0 0 X  1 0 ,0 0 0

Figure 30 Photomicrograph of freeze dried pralidoxime chloride annealed at -15°c before
the predetermined freezing temperature
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X  1 0 0 0 X  1 0 ,0 0 0

Figure 31 Photomicrograph of freeze dried pralidoxime chloride annealed at -17°c before
the predetermined freezing temperature



X  1000 X  10,000

Figure 32 P h o to m ic r o g r a p h  o f  f r e e z e  d r ie d  p r a l id o x im e  c h lo r id e  a n n e a le d  at - 1 2 ° c  a fter  

th e  p r e d e te r m in e d  f r e e z in g  te m p er a tu re



X  1000 X  10,000

P h o to m ic r o g r a p h  o f  f r e e z e  d r ie d  p r a lid o x im e  c h lo r id e  a n n e a le d  at - 1 5 ° c  a fter  

th e  p r e d e te r m in e d  fr e e z in g  te m p er a tu re
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X  1 0 0 X  5 0 0

X  1 0 0 0 X  1 0 ,0 0 0

Figure 34 Photomicrograph of freeze dried pralidoxime chloride annealed at -17°c after
the predetermined freezing temperature
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Figure 35

P ra l id o x im e  c h lo r id e  fd -1 5 ,  13 .1 0 .2 00 3  1 0 :4 1 :1 3  
P ra l id o x im e  c h lo r id e  fd -1 5 ,  7 .50 00  mg

M ethod : P ra l id o x im e  c h lo r id e -p o w d e r
2 5 .0 -3 0 0 .0 * c  1 0 .0 0 * c /m in  N2, 5 .0  m l/m in

DEMO Version 
*6X0

METTLER TOLEDO STAR* System

-12°c

-15°c

-17°c

D S C  th e r m o g r a m  o f  f r e e z e  d r ie d  p r a l id o x im e  c h lo r id e  a n n e a le d  b e fo r e  th e  

p r e d e te r m in e d  f r e e z in g  tem p er a tu re  at a n n e a lin g  te m p e r a tu r e  - 1 2 ,  -1 5  a n d  - 1 7 ° c  

( S c a n  ra te  =  1 0 ° c / m i n )
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น.07.2003 แร25;24

f ร-,...!....,0 2 4 ''ฯr- r.1. . ; .A.-1 14 16 18 20 22 2A 26 minDEMO Version Aexo
METTLER TOLEDO STAR* System

tpralidoxiae chloride -fd-15after pralidoxlme chloride -fd-lSafter, 5.9000 mgMethod; Pralidoxiae chloride-powder
2 5 .0 -3 0 0 .0 * c  1 0 .0 0 * c / t t in  M2, 5 .0  m l/m ln

DEMO Version M ETTLER TO LEDO STAR" System

-12°c

-15°c

DEMO Version ' ......... . .... ............................  MEIt Le r  TO LEDO ร  1 AH’ System

-17°c

Figure 36 DSC thermogram o f freeze dried pralidoxime chloride 
predetermined freezing temperature at annealing temperature 
(Scan rate = 10°c/m in)

annealed after the 
-1 2 ,-1 5 a n d -1 7 °c
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Day 4 Day 5

Figure 37 The pictures o f  freeze dried pralidoxime chloride in controlled condition (4 0 °c ,  
0% RH) from 1-5 days



Day 4 Day 5

Figure 38 The pictures o f  freeze dried pralidoxime chloride under humid condition (4 0 °c ,  
70% RH) from 1-5 days
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Figure 39
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X-ray diffractogram o f freeze dried pralidoxime chloride in controlled condition 
(4 0 ° c , 0% Rh)
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figure 40 X-ray diffractogram o f freeze dried pralidoxime chloride under humid condition
(40 c ,  70% Rh)
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After exposing to a humid condition, the product was found to shrunk and 
become collapse after the first day o f the experiment. The color o f products changed from white 
to pale yellow. The product looked moist and then wet.


	CHAPTER IV RESULTS

