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So lub i l i t y  of Various Barbiturates i n  Buffered 

Aqueous Solutions 

I. Test of a Theoretical  Equation 

by 
Li-Hua Wang and Anthony N. Paruta 

ABSTRACT 

The s o l u b i l i t y  of ten variously subs t i t u t ed  ba rb i tu ra t e s  

were determined i n  two pH buffered solvent systems a t  three tem- 

peratures.  The buffer  systems chosen were pH values a t  the pKa 

of these so lu t e s  and a t  about three pH un i t s  below the pKa, pro- 

ducing undissociated so lu t e  molecules and equimolar concentrations 

of  the acid form and dissociated s a l t  form, respect ively.  

The s o l u b i l i t y  values obtained experimentally were t e s t e d  

against  a t heo re t i ca l  ana ly t i ca l  expression t h a t  relates the solu- 

b i l i t y  a t  pH values above the s o l u b i l i t y  of the undissociated 

form. 

deviations t h a t  a r e  considered i n  t h i s  communication. 

There was seen t o  be some adherence t o  t h i s  equation with 

INTRODUCTION 
The s o l u b i l i t y  of compounds, such as these nonelectrolytes 

being considered, depends on the mixed physical chemical propert ies  

of each component and t h e i r  r e l a t ionsh ip  t o  such f ac to r s  as tem- 

perature and pH. 

the concentration of so lu t e  i n  a saturated solut ion a t  a c e r t a i n  

temperature; and i n  a q u a l i t a t i v e  way, it may be s t a t e d  as the 

spontaneous in t e rac t ion  of two o r  more substances t h a t  form a 

homogenous molecular dispersion. 

process t h a t  r e s u l t s  from the  making and breaking of adhesional 

So lub i l i t y  i s  defined i n  q u a n t i t i a t i v e  terms as 

In f a c t ,  s o l u b i l i t y  i s  a dynamic 
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668 WANG AND PARUTA 

and cohesional interact ions a t  a given thermal equilibrium. 

s o l u b i l i t y  of nonelectrolytes i s  usually represented by the 

fundamental thermodynamic relat ionships  according t o  Van' t Hof f Is 

equation with appropriate assumptions. In  the present study, the 

aqueous s o l u b i l i t i e s  of t e n  barbi turares  were determined. Since 

the magnitude of the s o l u b i l i t y  var ies  with pH and temperatures, 

two pH buffer systems were used here t o  provide a comparison be- 

tween the charged and uncharged species.  

t y  of each so lu t e  i n  two buffered solvent systems was determined 

a t  several  temperatures i n  order to evaluate adherence t o  the theo- 

r e t i c a l  t e s t  equation. Work on the s o l u b i l i t y  of these compounds 

as a function of  pH has been presented by various workers (1-31. 
Current work on cosolvent systems and alcohols has a l s o  been 

presented (4-6). 

solut ions (7) and possess pKa's i n  the range of about 7-9 (8 ,  9 ) .  

The 

The equilibrium s o l u b i l i -  

These compounds a c t  as weak acids  i n  aqueous 

EXPERIMENTAL 

Chemicals - The chemicals used i n  t h i s  study a r e  as  follows: 
1 2 5 ,5 '  d ie thylbarbi tur ic  acid , 5-ethyl, 5-phenyl ba rb i tu r i c  acid , 

5-ethyl, 5-isaemyl ba rb i tu r i c  acid , 5-ethyl, 5-(l-methylbutyl) 

ba rb i tu r i c  acid4, 5-ethyl, 5-butyl b a r b i t u r i c  acid5, 5-ethyl, 

5-isopropyl ba rb i tu r i c  acid' , 5-ethyl , 5( l-methyl propyl) 

ba rb i tu r i c  acid , 5-ethyl, 5(1-methyl-butenyl) b a r b i t u r i c  acid , 
5,5-diethylY l-methyl ba rb i tu r i c  acid', 5-ethyl , 5(l-methylbutyl) 

thiobarbi tur ic  acid", potassium chloride", boric  acid12, sodium 

c a ~ b o n a t e l ~ ,  sodium hydroxide14, and d i s t i l l e d  water. 

Equipment - The following were used: a r o t a t i n g  apparatus , a 
temperature control l ing circulator16 , an ana ly t i ca l  balance 1 7 ,  

pH meter'' , s p e c t r o p h ~ t o m e t e r ~ ~  , hypodermic adapter2', drying 

oven21, a d l t i n g  point apparatus22, computer23 , ca lcu la to r  

plot ter24,  g l a s s  aquarium25 and a pH electrode 

Preparation of the Buffer Solution fo r  the So lub i l i t y  Study 

3 

7 8 

15 

26 . 

I n  t h i s  study of the s o l u b i l i t y  of these ba rb i tu ra t e s  i n  

water, two types of solvent systems were used: solut ions buffered 

to  pH values equal t o  the pKa values of the ba rb i tu ra t e s  and solu- 
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SOLUBILITY OF BARBITURATES. I 66 9 

t ions buffered to  pH values equal t o  th ree  pH u n i t s  below the  pKa 

value of the ba rb i tu ra t e s .  

Gifford's  buffer so lu t ion  system (10) was chosen, since t h i s  

buffer  system provides the required pH range within about t h ree  

un i t s  f o r  a l l  of the ba rb i tu ra t e s  s tudied.  

The buffer  system consis ts  of a stock acid so lu t ion  and a 
s tock alkal ine solut ion.  Combination of the former with the  s m a l l  

quan t i t i e s  of t he  l a t t e r  provide solut ions of varying pH to  meet 

any need i n  providing the appropriate pH values €or each of the 

barbi turates  (11, 8). 

The stock acid so lu t ion  was prepared with 12.4 grams of  boric  

acid with 7.4 grams of potassium chlor ide dissolved and q . 8 .  t o  

1000 mill i l i ters of d i s t i l l e d  water. 

The stock alkal ine so lu t ion  was prepared with 21.2 grams of 

anhydrous sodium carbonate dissolved and q . 8 .  t o  1000 mi l l i l i t e r s  

of d i s t i l l e d  water. 

Various pH buffer  solut ions were prepared volumetrically by 

t h e s e  two stock solut ions at room temperature. 

buffer  so lu t ion  was determined by a Beckman Model SS-2 Expandomatic 

pH Meter and Benchmark pH electrode. 

The pH of each 

The pH values fo r  the buffered systems used i n  t h i s  study 

varied from5.0 t o  8.6 and provided two buffer  systems f o r  each 

ba rb i tu ra t e .  

t a l  values of pH fo r  the ba rb i tu ra t e  solut ions varied from 4.8 - 
4.85 a t  the pKu end and from 8.7 - 8.8 a t  t he  pKa end. 

of the pH may be due t o  the e f f e c t  of dissolved carbonic acid by 

carbon dioxide incorporation during the s o l u b i l i t y  runs. 

pH's of the experimental solut ions especial ly  noted with the 40 C 

solut ions may be due t o  s l i g h t  losses  of carbon dioxide a t  the higher 

temperatures and the va r i a t ion  of pKw with temperature. 

However, i t  should be noted t h a t  the f i n a l  experimen- 

The lowering 

The higher 
0 

In  both these cases, very small amounts of carbonic ac id ,  

e., 10 molar could cause these small changes. While these 
solut ions should e f f ec t ive ly  resist changes i n  pH, the p b  of car- 

bonic acid is 6.37 which is  within the range of these buffers  and 

may add amre protons and thereby lower the pH. 

-8 

I n  addi t ion t o  the 
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670 WANG AND PARUTA 

above, t he re  i s  a l s o  experimental  e r r o r  i n  the  pH determinat ions 

and would be of  the  order  of about 2 0.05 pH u n i t s .  

The lowest pH requi red  i n  t h i s  s tudy  was 4 .4 ;  however , t h e  

lowest a t t a i n e d  pH was 4.8,  then  

pH = pKa + l og  ( s a l t )  equa t ion  1 
~TZn-  

For phenobarbi ta l  and th iopen ta l ,  the  pKa's are 7.4. 

an experimental ly  buf fered  s o l u t i o n  a t  a pH = 4.8; t he  r e l a t i v e  

concent ra t ion  of  t h e  ac id  and s a l t  spec ie s  would be 

The use  of 

4.8 = 7.4 + l og  ( s a l t )  Gm 
- 2.6 = log ( s a l t )  
0 

then the  sa l t  concent ra t ion  i s  

( s a l t )  = ,0025 ( ac id )  

This would mean t h a t  99.75% is i n  t h e  undissoc ia ted  a c i d  form 

and 0.25% i n  the d i s soc ia t ed  sal t  form, and thus  was considered 

s u f f i c i e n t  i n  terms of t h e  number of undissoc ia ted  molecules.  

The drugs inves t iga t ed  a r e  t abu la t ed  i n  Table I. This  

t a b l e  comprises ten d i f f e r e n t  5 ,5 -d i subs t i t u t ed  b a r b i t u r a t e s  wi th  

the  corresponding phys ica l  chemical p r o p e r t i e s .  

Disso lu t ion  Process 

The determinat ion of the  s o l u b i l i t y  o f  t h e  var ious  ba rb i tu r -  

a t e s  i n  two d i f f e r e n t  so lven t s  was based e s s e n t i a l l y  on t h e  pro- 

cedures given by Paru ta  e t  a1  (12). 

placed i n  a g l a s s  v i a l  and a q u a n t i t y  of  so lven t  added. 

s ea l ed  by means of p l a s t i c  caps wi th  t e f l o n  l iners ,  were placed 

on a r o t a t i n g  apparatus  i n  a temperature-control led water  ba th  f o r  

a per iod of twenty-four hours ,  a t i m e  which was found t o  be s u f f i -  

c i e n t  f o r  equi l ibr ium. 

c i r c u l a t o r ,  was observed t o  vary  no t  more than f 0 . 1  

the  temperature s e t t i n g s  of 25O, 3 3 O  and 4OoC. 
After  t he  sample had reached equi l ibr ium,  t h e  r o t a t i n g  appara- 

A s l i g h t  excess  of s o l u t e  was -- 
The v i a l s ,  

The temperature ,  maintained by a Porta-Temp 
0 C a t  each of 

tus was stopped. 

temperature bath.  

Each of  t h e  t h r e e  samples was removed from the  

The v i a l  was quick ly  d r i e d  and t h e  cap was care-  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SOLUBILITY OF BARBITURATES. I 671 

TABLE I: A SUMMARY OF THE PHYSICAL-CHEMICAL 

PROPERTIES OF BARBITURATES USED I N  

THIS STUDY 

* 
MOLECULAR+ MELTING 

BARBITURATES pKa# WEIGHTS POINTS 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

~~ 

BARBITAL 

BUTETHAL 

METHARBITAL 

PROBARBITAL 

PHENOBARBITAL 

PENTOBARBITAL 

BUTABARB I TAL 

VINBARBITAL 

AMOBARBLTAL 

THIO PENTAL 

7.90 

7.92 

8.30 

7.98 

7.40 

8.07 

8.00 

7.99 

7.92 

7.40 

184 

212 

19 8 

198 

232 

226 

212 

224 

226 

242 

188-190 

126-128 

151-155 

202-203 

156-157 

127-130 

165-166 

160-163 

156-158 

156-158 

* 
From A.  N .  Paruta-and T. L. Breon, Drug Development Communication, 
2 (6 )  - 521 (1976) l ie fe rence  ( 1 3 g  

+ 
From Merck Index, seventh e d i t i o n ,  Merck ti Co., Inc.  (1960) 

E e f e r e n c e  ( 1 4 n  

#From M. E. Krable ,  J. Phys. Chem. 44,  449 (1940) Eeference  (81. 
T. D. Doyle and J. B.  P roc to r ,  J. Am. Off i .  Anal. Chem. 56, 864 
(1973).  Ee fe rence (91  - 

f u l l y  unscrewed t o  prevent  water contamination. 

immediately f i l t e r e d ,  u t i l i z i n g  a hypodermic sy r inge  f i t t i n g  wi th  a 

Swinny adaptor ,  i n t o  a second v i a l .  An a l i q u o t  o f  t h e  f i l t r a t e  w a s  

then removed by a p i p e t t e  t o  a volumetr ic  f l a s k ,  and a s u i t a b l e  d i lu -  

t i o n  wi th  the  a p p r o r i a t e  b u f f e r  s o l u t i o n  was prepared. The hypoder- 

mic sy r inge ,  Swinny adaptors ,  p i p e t t e s  and t r a n s f e r  v i a l s  were 

warmed i n  a Telco dry ing  oven p r i o r  t o  use  t o  prevent  thermal pre- 

c i p i t a t i o n .  

The con ten t s  were 

Then these  prepared sample s o l u t i o n s  were sub jec t ed  t o  
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672 WANG AND PARUTA 

a spectrophotometric assay. P r io r  t o  the assay, the sample solut ions 

were again d i lu t ed  with 1 N NaOH solut ion t o  maintain the pH a t  about 

13, a pH which was found t o  have a consis tent  maximum absorption f o r  

a l l  of these barbi turates  throughout the study. A t  l e a s t  three 

spectrophotometric determinations were made. The equilibrium solu- 

b i l i t y  analysis  was determined u t i l i z i n g  an IBM 370160 Dig i t a l  Com- 

puter;  the reported r e s u l t s  of s o l u b i l i t y  are thus a t  saturat ion.  

Each s o l u b i l i t y  reported represents the average values from a t  

least 3 runs of t r i p l i c a t e  samples of the two-solvent system f o r  

each of 10 barbi turates  a t  3 d i f f e r e n t  temperature s e t t i n g s .  

Variation i n  s o l u b i l i t y  was found t o  be within 2 5% range fo r  

each barbi turate  studied. 

Assay Procedure 

A spectrophotometric assay using a Hitachi Model 200 UV-VIS 

Spectrophotometer was developed fo r  the quan t i t a t ive  determination 

of these barbi turates .  

The barbi turates  as a group a r e  of i n t e r e s t  spectrophotomet- 

r i c a l l y  because they only exhibi t  u l t r a v i o l e t  absorption i n  alka- 

l i n e  solut ion,  the wavelength, i t n e n s i t y ,  and s t a b i l i t y  of which 

i s  dependent on pH. 

noted; a t  about pH 10, a l l  ba rb i tu ra t e s  show absorption with maxi- 

IIV.I~ a t  240 nm, and above t h i s  pH leve l ,  the absorption s h i f t s  t o  

a maximum of about 255 nm i n  1 N NaOH, except f o r  the N-substitu- 

ted compound, metharbital , whose maximum absorption r a re ly  exceeds 

244 nm. 

I n  acid so lu t ion ,  p r a c t i c a l l y  no absorption i s  

The use of 1 N NaOH i n  the sample solut ions of these barbi tur-  

a t e s  was to  insure tha t  maximum absorption peaks were consis tent  

throughout the study. 

barbi turates  w a s  found t o  be about 255 nm. 

The maximum absorption f o r  most of these 

A minimum of seven d i lu t ions  f o r  each compound was made, the 

absorption determined, and a p lo t  of absorption versus concentra- 

t i o n  was drawn. 

RESULTS AND DISCUSSION 
I n  t h i s  study, the s o l u b i l i t i e s  of ten variously subs t i t u t ed  

barbi turates  were determined a t  the pKa's and th ree  pH u n i t s  below 
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SOLUBILITY OF BARBITURATES. I 673 

the  pKa (pKu) a t  t h r e e  temperatures .  

s o l u t e s  would e x i s t  a s  one h a l f  the  t o t a l  concent ra t ion  i n  t h e  a c i d  

form and the  s a l t  form. For those systems buf fered  t o  t h r e e  u n i t s  

below the  pK,, r e f e r r e d  t o  a s  t h e  pKu so lven t  system, t h e  concentra- 

t i o n  of t h e  s o l u t e  would express  the  s o l u b i l i t y  of  t h e  ac id  form o r  

undissoc ia ted  b a r b i t u r a t e .  I n  Table 11, a summary of t h e  compound, 

number, chemical name, s t r u c t u r e ,  s u b s t i t u e n t  groups and common 

name of the  b a r b i t u r a t e s  used i n  t h i s  s tudy  a r e  given. 

of a c t i o n  (14) of  t hese  substances a r e  a l s o  g iven  i n  t h i s  t a b l e .  

Since these  compounds a r e  given i n  rank order  of  aqueous s o l u b i l i t y ,  

the  du ra t ion  of a c t i o n  i s  seen  t o  approximately decrease  wi th  in -  

c r eas ing  l i p o p h i l i c t y  which confirms an e a r l i e r  s tudy  (5) .  

A t  t h e  pKa v a l u e s ,  t hese  

The du ra t ion  

I n  Table I11 and IVY t h e  determined s o l u b i l i t i e s  of  t hese  s o l u t e s  

i n  mg/ml. and m o l e s l l i t e r  a t  the  t h r e e  temperatures  and two pH buf- 

f e red  systems are given. 

with r e spec t  t o  t h e  s o l u b i l i t y  f o r  t he  undissoc ia ted  spec ie s  o r  t h e  

pKu so lven t  system. I t  can be observed t h a t  i n  a l l  cases, t h e  

s o l u b i l i t y  , as  expected,  increased  wi th  temperature and inc reas ing  

pH, and t h e  s o l u b i l i t y  a t  t h e  pKa va lues  was g r e a t e r  than  t h a t  a t  t h e  

pKu va lues .  I n  t h e  pKa buffered  so lven t  system, t h e  o v e r a l l  concen- 

t r a t i o n  of the  s o l u t e  would be expressed by one h a l f  i n  t h e  a c i d  form 

and one h a l f  i n  t he  s a l t  form. The s a l t  form of any of t h e  s o l u t e s  

would be water  so lub le  and would inc rease  t h e  o v e r a l l  concent ra t ion  of 

t h e  b a r b i t u r a t e  i n  s o l u t i o n  and be l i m i t e d  only by t h e  pH of t h e  buf- 

f e r i n g  system. 

These s o l u b i l i t i e s  have been rank l i s t e d  

Add i t iona l ly ,  t h e  r a t i o  of t he  pKa s o l u b i l i t y  t o  t h e  pKu 

s o l u b i l i t y  i n  terms of M/L i s  given i n  the  f i n a l  column of Table 

I V .  

I n  Figure 1, the  s o l u b i l i t y  i n  mg./ml. f o r  b a r b i t a l ,  b u t e t h a l  

and phenobarb i ta l  i n  t he  pKa so lven t  and pKu so lven t  systems are 

p l o t t e d  versus  temperature .  

I n  these  t y p i c a l  p l o t s ,  t he  s o l u b i l i t y  o f  t h e  s o l u t e  i n  the  

pKa so lven t  system i s  always g r e a t e r  than the  s o l u b i l i t y  of  t he  pKu 

so lven t .  The s o l u b i l i t y  f o r  these  s o l u t e s  i s  seen  t o  inc rease  

l i n e a r i l y  wi th  inc reas ing  temperature i n  both t h e  pKu and pKa so l -  
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Table 111: A summary of t h e  s o l u b i l i t y  of t h e  s o l u t e s  

expressed i n  mg./ml. i n  two buffered aqueous systems a t  t h r e e  temperatures. 

N Barb i tu ra t e  Temperature - 

I Barbital 25 

33 

40 

I1 Bute tha l  

I11 Metharb i t a l  

IV Proba rb i t a l  

V Phenobarbi ta l  

VI Pentobarb i ta l  

VI I Butabarb i ta l  

VIII Vinbarb i ta l  

IX Amobarbital 

X Thiopental 

25  

33 

40 

25 

33 
40 

25 

33 

40 

25 

33 

40 

25 

33 

40 

25 

33 

40 

25 

33 

40 

25 
33 
40 

25 
33 

40 

Buffer  System 

P K U p K a  
7 .3  13.0 

8.6 15.4 

10.6 17.3 

3.9 7.3 

4.7 8 .4  
5.3 9.5 

2.1 4.2 

2.7 5.2 
3.4 6.0 

1.6 2.8 

1.9 3.4 

2.4 4.2 

1.2 2.3 

1.6 3.3 
2.2 4.0 

1.0 1.9 

1.3 2.5 

1.5 3.0 

0.9 1.9 
1.2 2.6 

1.5 3.1 

0.8 1.5 

1.1 2.5 
1.3 3.2 

0.6 1.2 
0.7 1.5 
0.9 2.0 

0.06 0.11 

0.08 0.18 

0.10 0.24 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Table IV: Summary of the solubility in mole/liter for the 

solutes at three temperatures and the solubility ratio S(pKa/S(pKu). 

Buffer System 
MIL 

- No. Barbiturate Temperature pKu pKa 

I Barbital 25 .0397 ,0706 

33 ,0467 .0837 

40 .0576 .0940 

I1 Butethal 25 .0184 .0344 

33 ,0222 .0396 

40 .0250 ,0448 

I11 Metharbital 25 .0106 .0212 

33 ,0136 .0283 

40 ,0172 .0303 

IV Probarbital 25 .0081 .0141 

' 33 .0096 .0172 

40 .0121 .0212 

V Phenobarbital 25 ,0052 .0099 

33 .0069 .0142 

40 .0095 .0172 

VI Pentobarbital 25 .0044 ,0084 

33 .0058 .0111 

40 .0066 .0133 

VII Butabarbital 

VIII Vinbarbital 

IX Amobarbital 

x Thiopetatal 

25 .0042 .0090 

33 ,0057 .0123 

40 .0071 ,0146 

25 .0036 .0067 

33 .0049 .0117 

40 .0058 .0143 

25 .0027 .0053 

33 .0031 .0066 

40 .0040 .0088 

25 ,00025 .00045 

33 .00033 .00074 

40 .00041 .00041 

1.78 

1.79 

1.63 

1.87 

1.78 

1.79 

2.00 

2.08 

1.76 

1.74 

1.79 

1.75 

1.95 

2.05 

1.81 

1.91 

1.91 

2.02 

2.14 

2.15 

2.06 

1.86 

2.39 

2.46 

1.97 

2.13 

2.20 

1.80 

2.24 

2.41 
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678 WANG AND PARUTA 

Table V: Var i a t ion  of S o l u b i l i t y  Rat io  i n  Equation 2 

as a func t ion  of small pH changes. 

&H (Ka-I)I+7) 

w.20 

+O. 15 

+O. 10 

0.00 

-0.10 

-0.15 

-0.20 

2 .  58S0 

2. 40S0 

2.  25S0 

2 .  ooso 

1. 79S0 

1. 70S0 

1. 63S0 

vent  systems. 

mechanism i n  each of t hese  so lven t  sys  tems. 

This l i n e a r i t y  would i n d i c a t e  a cons tan t  d i s s o l u t i o n  

It was recognized t h a t  t he  pKw of water v a r i e s  s l i g h t l y  over 

t h i s  narrow temperature range, and t h i s  e f f e c t  upon t h e  pH of 

these  so lven t  systems would make a d i f f e r e n c e  of about 0 . 1  pH u n i t s .  

It i s  poss ib le  t h a t  t h i s  s l i g h t  d i f f e r e n c e  i n  pH d id  con t r ibu te  t o  

the  experimental ly  determined s o l u b i l i t i e s  and the  va r i ance  from 

the  t h e o r e t i c a l l y  ca l cu la t ed  s o l u b i l i t y .  

The s o l u b i l i t y  of  t hese  s o l u t e s  should fol low t h e  t h e o r e t i c a l  

equat ion:  
S K  S T = S  + o a 

0 -  

L H 7  
Equation 2 

- - 
where ST is  t h e  t o t a l  s o l u b i l i t y ,  Ka and L H+ 1 , the  a c i d  d issoc ia-  

t i o n  cons tan t  and hydrogen ion  concent ra t ion ,  r e spec t ive ly .  

represents  t h e  s o l u b i l i t y  of t he  undissoc ia ted  s o l u t e .  When K and 
7 -  a 

8- I Ht - a r e  equal  t o  each o t h e r ,  i . e . ,  pH = pKa, then t h e  s o l u b i l i t y  a t  

t h e  pKa values  should be  

ST = so t so = 2 so Equation 3 
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SOLUBILITY OF BARBITURATES. I 679 

1 I 1 

2s 30 3s 40  
I ,  

TEMPERATURE, *C 

FIGURE 1. The s o l u b i l i t y  i n  mg/ml f o r  t h e  noted b a r b i t u r a t e s  

i n  t h e  pKa and pKu so lvent  systems as a func t ion  of 

temperature.  

t h a t  i s ,  the s o l u b i l i t y  a t  the  pKa va lue  i s  twice the  s o l u b i l i t y  

a t  the  pKu va lue .  As given i n  Table I V ,  i t  can be seen  t h a t  t he  

t h e o r e t i c a l  r a t i o s  of two were not  followed exac t ly  but  va r i ed  

from a low of  1.63 t o  a high of 2.46. It  would be i n s t r u c t i v e  

a t  t h i s  po in t  t o  determine t h e  r e l a t i o n s h i p  of equat ion  2 and 

i t s  var ience  by smal l  changes i n  pH. 

cu la ted  and a r e  given i n  Table V .  

t r a t e d  by the  fol lowing example. 

the  Ka = 1.26 x 

i t  would lead t o  un i ty  i n  t h e  r a t i o  Ka/CH+I and then S(pKa) = 2$ (pKu). 

These va lues  have been ca l -  

These c a l c u l a t i o n s  can be i l l u s -  

For b a r b i t a l ,  the  pKa is 7 . 9 ,  s o  

and i f  t he  pH of t h e  s o l u t i o n  were e x a c t l y  7.9 - 
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680 W A N t i  ANU PAKU'I'A 

FIGURE 2. The s o l u b i l i t y  of B a r b i t a l  as a func t ion  of pH, 

where t h e  pKa=7.9 

I f  t he  pH is decreased by 0.1 u n i t s ,  t he  Ka remains the  same st 1 . 2 6  x 
-8 and t h e  cH+]  concen t r a t ion  would be 1.58 x 10 and t h e  QpH = 7.8)  

and the ratio of Ka/[H+z would be 0.79 and then S(pH = 7.8)  = 1.79 S(pKu) 

From t a b l e  V ,  i t  can e a s i l y  b e  seen  t h a t  very minor 

changes i n  the  pH va lues  o f  2 0.1-0.2 u n i t s  would cause dramatic  

s h i f t s  i n  these  r a t i o n s  with va lues  of 1 .63  So t o  2.58 So. Addition- 

a l l y  these  r a t i o s  determine exper imenta l ly  v a r i e d  by t h e  same magnitude 

i n  term of these  r a t i o s .  These obta ined  va lues  i n d i c a t e d  t h a t  t h e  

experimental  i n i t i a l  and f i n a l  pH's v a r i e d  only  s l i g h t l y  y e t  produc- 

i n g r e s u l t s  t h a t  a r e  not  i n  accord wi th  the  t h e o r e t i c a l  equat ion .  

From pKw values  a t  var ious  tempera tures ,  t he  pH a t  4OoC. should 

be decreased by 0.1 pH u n i t s  and r a t i o s  g r e a t e r  than 2 would i n d i c a t e  

a p o s i t i v e  s h i f t  (h ighe r  pH0 t o  a t o t a l  of about  0.3 pH u n i t s .  It 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



SOLUBILITY OF BARBITURATES. I 68 1 

has been noted t h a t  these  s h i f t s  i n  the  r a t i o s  may be due t o  s e v e r a l  

f ac to r s .  

There i s  the experimental v a r i a t i o n  i n  the  s o l u b i l i t y  determina= 

t i o n s ,  temperature and pH v a r i a t i o n ,  absorp t ion  o r  l o s s  of  carbon 

dioxide (carbonic  ac id )  t o  and from the a i r  spaces i n  the  s o l u b i l i t y  

v i a l s  and the  pKw of water  a t  the  above ambient temperatures a t  33 

and 4OoC. 

0 

The magnitude of  s o l u b i l i t y  would a l s o  have t o  be 

considered as several of t h e  s o l u t e s  possessed ve ry  low aqueous 

s o l u b i l i t i e s  and a s l i g h t  e r r o r  i n  accuracy could cause a l a r g e  change 

i n  t h e  the  t h e o r e t i c a l  r a t i o .  

While the  r e s u l t s  obtained i n  t h i s  s tudy  were considered 

adequate, t h e r e  would be a need i n  s t u d i e s  of  t h i s  type t o  c a r e f u l l y  

c o n t r o l  t h e  pH of t h e  system, n i t rogen  purging of s o l u b i l i t y  vials, 

using so lu t e s  

mination of t h e  s o l u b i l i t y  va lue  i tself .  

wi th  h igher  s o l u b i l i t i e s  and more accu ra t e  de t e r -  

The e f f e c t  of bu f fe r s ,  s o l u t e  p o l a r i t y ,  temperature  and 

aqueous thermodynamics i s  duscussed i n  a companion communication. 

FOOTNOTES 

'Lot 10-TT-113, Ganes Chem. Works, C a r l s t a d t ,  N J  

2Lot 6588, Mallinkrodt Chem. Works, NY, NY 

3Lot DUC-44 E l i  L i l l y  and Col, Ind ianapol i s ,  Ind. 

4Lot 776-7548 Abbott Labs., Chicago, I L  

5Lot 20-4441-01 Abbott Labs., Chicago, I L  

6Lot C-40398 E .  R .  Squiob & SORS, Inc. ,  New Brunswick, NJ 
7Lot 5086, McNeil Labs, For t  Washington, PA 

8Lot L578, 303-1-4, Merck, Sharp & Dohme, Rahway, NJ 

'Lot 685-7608, Abbott Labs, Chicago, I L  

"Lot 760-7657, Abbott Labs, Chicago, I L  

"Lot C316B313, A l l i ed  Chemical, Morris town, N J  

12Lot C611549, A l l i ed  Chemical, Morristown, N J  

13Lot  3602, Anhydrous, J. T. Baker, Chem. Co., Phi l ipsburgh,  N J  
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682 WANG AND PARUTA 

14Lot W183JL, Allied Chemical, Morristown, NJ 
15Menold Apparatus , SA7-2424, E. D. Menold, Lester, PA 
16Porta-Temp, Precision Scientific Co, , Chicago , IL 
17Mettler Type H6T, Mettler Instr. Corp., Hightstown, NJ 
18Beckman Expandometer SS-2, Beckman Instr. , Inc., Fullertown, CA 
"Hitachi 200, Perkin-Elmer Corp. , Norwalk, CT 
"Swinny No XX3001200, Millipore Corp., Bedford, MA 
21Thelco Model 15, Precision Sci. Co., Chicago, IL 
22Fisher-Johns 12-144, Fisher Sci. Co. , Pittsburgh, PA 
231BM 3701155, IBM, White Plains, NY 
24Hewlett Packard Model 9810A, Hewlett Packard Calculator 
25Ten-gallon, Sears-Roebuck and Co. 

26Benchmark No. 737, Markson Science, Inc., DelMar, CA 
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