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ABSTRACT 

The p o s s i b l e  i n t e r a c t i o n  o f  anhydrous and t r i h y d r a t e  a m p i c i l l i n  

w i t h  aspartame, i n  t h e  s o l i d  s t a t e ,  was i n v e s t i g d t e d  by comparing 

the thermal  behav io r  o f  p h y s i c a l  m i x t u r e s  o f  t he  r e s p e c t i v e  o r i g i n a l  

components i n  d i f f e r e n t  mo la r  r a t i o s ,  u s i n g  d i f f e r e n t i a l  scanning 

c a l o r i m e t r y .  Aspartame was found t o  fo rm complexes w i t h  anhydrous 

a m p i c i l l i n  and a m p i c i l l i n  t r i h y d r a t e .  

t o  be dependent on t h e  mo la r  r a t i o s  o f  t h e  m i x t u r e  components. One 

o f  t h e  compl exes between anhydrous and t r i  hydra  te ampi c i  11 i n  and 

aspartame, as determined f rom t h e  en tha lpy  change of t h e  DSC 

t r a n s i t i o n s  o f  t h e  m ix tu res ,  was found t o  have a 2:l mola r  r a t i o .  

These complexes were found 

Correspondence shou ld  be addressed t o  Hamed H.El-Shattawy. 
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a58 EL-SHATTAWY, KILDSIG, AND PECK 

INTRODUCTION 

A m p i c i l l i n  and i t s  sodium s a l t  were repor ted t o  be i n a c t i v a t e d  

by d e ~ t r o s e l - ~ ,  g l yce ro l  o r  propylene g lyco l6.  The degradation o f  

6-aminopenic i l lan ic  a c i d  was found by Moss and Cole' t o  be acceler -  

a ted i n  the presence o f  dextrose, maltose o r  lactose.  

and de Weck 

of carbohydrates, i n c l u d i n g  reducing sugars nonreducing sugars, 

dext ran and simple g l yco l s .  

Schneider 
8 found a r e a c t i o n  between b e n z y l p e n i c i l l i n  and a number 

Hem e t  al. '  s tud ied the format ion o f  1:l molar compelxes be- 

tween sucrose and a number o f  p e n i c i l l i n s  i n c l u d i n g  anhydrous am- 

p i c i l l i n .  

of 1:1, 2:3 and 1:3 molar complexes between anhydrous and t r i h y d r a t e  

a m p i c i l l i n  and anhydrous dextrose. 

The present authors" u t i l i z e d  DSC t o  con f i rm  the format ion 

E l  -Shattawy'' repor ted t h a t  anhydrous a m p i c i l l  i n  was found t o  

be incompat ib le  w i t h  s o r b i t o l  and Di-Pac, and appears t o  form com- 

plexes w i t h  manni to l ,  granular  mannitol and Erownex sugar a f t e r  t h e i r  

me1 t i  ng t r a n s i t i o n s  . 
Aspartame, a new in tense sweetener, i s  N-L-aspartyl-L- 

phenylalanine-1-methyl es te r .  The presence o f  both the f ree ,  un- 

subs t i t u ted  amino and one carboxyl group o f  a s p a r t i c  acid, as w e l l  

as the  d is tance between them and the absolute c o n f i g u r a t i o n  o f  the 

asymnetric carbon, are completely c r i t i c a l  f o r  sweetness"' 

sweetener was found t o  f a l l  o f f  r a p i d l y  w i t h  i nc reas ing  s i z e  o f  

the e s t e r  r a d i c a l  . 

The 

12 

I n  t h i s  study the authors i n v e s t i g a t e  the poss ib le  i n t e r a c t i o n  

of anhydrous and t r i h y d r a t e  a m p i c i l l i n  

s ta te .  This  i s  acheived by comparing the thermal behavior, us ing 

DSC, o f  phys ica l  mix tures o f  t he  respec t i ve  o r i g i n a l  components i n  

d i f f e r e n t  molar r a t i o s .  

w i t h  aspartame i n  the s o l i d  
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AM? I C ILL,IN-ASPARTAME MIXTURE 

EXPERIMENTAL 

859 

Materi a'l s -__- 
The following mater ia ls  were used: anhydrous ampici l l in  (Wyeth), 

ampici l l in  t r ihydra te  ( B r i s t o l )  and aspartame ( G . 3 .  Searle  and C o . ) .  

- Preparation of Physical Mixtures 

Physical mixtures of anhydrous ampici l l in  ancl aspartame were 

prepared by mixing then using a mortar and pes t le  in  the  following 

molar r a t i o s :  1:0.17, 1 :0 .20 ,  1 :0 .25 ,  1:0.33, l : 0 . 5 0 ,  1:1.00, k 1 . 5 0 ,  

1 :2 .00 ,  1:2.50, 1 :2 .75 ,  1:3.00, 1:4.00, 1 :5 .00 ,  1:6.00, 1:7.00 arid 

1:9.00. Physical mixtures of ampici l l in  t r ihydra te  and aspartame 

were pwpared in  the following molar r a t i o s :  1 : 0 . 1 7 ,  1 :0 .20 ,  1 :0 .25 ,  

1:0.33, 1 :0 .50 ,  1:1.00, 1 :2 .00 ,  1:3.00, 1:4.00, 1 : 5 . 0 0  and 1:6.00. 

-__ Different ia l  Scanning Calorimetry 

Saimples ( 5  mg) were weighed a f t e r  being f i n e l y  powdered and 

encapsulated in  flat-bottomed aluminum pans with crimped-on l i d s .  

The samples were heated in  an atmosphere of nitrogen and thermograms 

were obtained on a Perkin-Elmer DSC-1B [ l i f fe ren t ia l  Scanning Calorimeter. 

lhermograms were obtained by heating a t  a constant heating r a t e  of 

10°C per minutes, a constant range s e t t i n g  of 0 mcal per second ,and 

recorded a t  a constant char t  speed of one inch per minute. The i n -  

dividual substances and the  physical mixtures o f  ampic i l l in ,  anh.y- 

drous and t r i  hydrate, and aspartame were heated over the  temperature 

range 30 t o  28OoC. 

The area under the  d i f f e r e n t i a l  scanning calor imetr ic  heating 

curve was measured using a K & E planimeter and the heat of t r a n s i -  

t ion  was then calculated as described previously'-3. 

rep1 i c a t e s  were made f o r  each DSC thermogram. 

A t  l e a s t  two 
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860 EL-SHATTAWY, KILDSIG, AND PECK 

RESULTS AND DISCUSSION 

DSC thermograms o f  anhydrous a m p i c i l l i n  e x h i b i t  no t r a n s i t i o n  

when scanned over  the temperature range o f  30 t o  2140C10. 

anhydrous a m p i c i l l i n  decomposed. 

phys ica l  mix tures o f  anhydrous a m p i c i l l i n  w i t h  aspartame w i l l  r e -  

f l e c t  t he  c h a r a c t e r i s t i c  features o f  the l a t t e r  i f  no i n t e r a c t i o n  

occurred. 

A t  214OC 

Therefore, DSC thermograms o f  

I n  a previous i n v e ~ t i g a t i o n l ~ ,  aspartame has been shown by DSC 

t o  have two endothermic peaks. 

temperature range from 167-19OoC and w i t h  a maximum peak o f  t r a n s i -  

t i o n  a t  185 C, represents the loss o f  the  methyl e s t e r  and conversion 

t o  the  d ipept ide,  aspar ty lphenyla lan ine.  The second peak, w i t h  a 

t r a n s i t i o n  temperature range from 234-254'C and w i t h  a maximum peak 

of t r a n s i t i o n  a t  24OoC, represents the conversion t o  d i  ketopiperazine 

(DKP). 

The f i r s t  one, w i t h  a t r a n s i t i o n  

0 

A t  266OC the DKP decomposed. 

F igure 1 i l l u s t r a t e s  t h e  DSC thermograms o f  anhydrous a m p i c i l l i n  

and aspartame, separate ly  and i n  phys ica l  mixtures, wh i l e  F igure 3 

i l l u s t r a t e s  the enthalpy change o f  the phys ica l  mix tures as a f u n c t i o n  

o f  composition. DSC 

thermograms o f  1:0.17, 1:0.20, 1:0.25 and 1:0.33 molar r a t i o s  o f  

anhydrous ampic i l l in -aspar tame phys ica l  mix tures showed a broadened 

endothermic peak w i t h  an average t r a n s i t i o n  temperature range from 

145-18OoC and w i t h  an average maximum peak of t r a n s i t i o n  a t  165OC. 

This peak corresponds t o  the f i r s t  peak o f  aspartame w i t h  a s h i f t  

t o  lower  temperatures from t h a t  of pure aspartame. 

temperatures o f  these mixtures were found t o  be 198, 196, 192 and 

19l0C, respec t i ve l y ,  i .  e., the mixtures decomposed a t  temperatures 

which are markedly lower  than those o f  the pure respect ive o r i g i n a l  

The data f o r  Figure 3 i s  shown i n  Table 1. 

The decomposition 
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861 

FIGURE 1 

DSC thermograms o f  anhydrous ampicill in  and aspartame separately 
and in  physical mixtures. 

components with the decomposition temperature 

concentration of aspartame in  the mixture increased. 

change o f  these mixtures were found t o  be 34 t o  

than the  predicted values calculated from the exact percentage con- 

t r ibu t ion  of aspartame t o  the t o t a l  enthalpy change o f  the  mixture. 

dccreasing a s  the 

The enthalpy 

percent l e s s  D
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862 EL-SHATTAWY, KILDSIG,  AND PECK 
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FIGURE 2 

DSC thermograms of  a m p i c i l l i n  t r i h y d r a t e  and aspartame 
separa te l y  and i n  phys i ca l  m ix tu res .  

Th is  decrease i n  t h e  en tha lpy  change i n d i c a t e s  i n t e r a c t i o n  between 

anhydrous a m p i c i l l i n  and aspartame i n  t h e  s o l i d  s t a t e  under t h e  

exper imenta l  c o n d i t i o n s .  

A 1:0.5 molar  r a t i o  o f  anhydrous amp ic i l l i n -aspar tame p h y s i c a l  

m i x t u r e  showed t h e  same peak as i n  t h e  case of t h e  p r e v i o u s l y  men- 

t i o n e d  phys i ca l  m ix tu res  b u t  w i t h  a t r a n s i t i o n  temperature range 

from 14O-18O0C and w i t h  a maximum peak o f  t r a n s i t i o n  a t  17OoC. 

t h i s  molar  r a t i o ,  t h e  decomposi t ion temperature of  186OC was t h e  

minimum observed f o r  a l l  t h e  phys i ca l  m ix tu res  i n v e s t i g a t e d .  The 

immediate decomposi t ion of t h e  anhydrous a m p i c i l l i n  m i x t u r e  a f t e r  

t h e  t r a n s i t i o n  and a t  a temperature markedly lower  than those o f  t he  

pure r e s p e c t i v e  o r i g i n a l  components i s  i n  agreement w i th  p rev ious  

A t  
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AMPIC ILL-LN-ASPARTAME MIXTURE 863 

0 0.5 

1 . 0  0.5 
Mole F r a c t i o n  Aspartame 

Mole F rac t i on  Anhydrous Amp 

FIGURE 3 
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Enthal  py change o f  anhydrous ampici  11 in-aspartame p h y s i c a l  
m ix tu res  as a f u n c t i o n  o f  compos i t ion .  

conclus.ion" t h a t  complexed a m p i c i l l i n  decomposes a t  markedly lower  

temperatures than uncomplexed a m p i c i l l i n .  Th i s  f i n d i n q  i s  a l s o  i n  

agreement w i t h  t h e  conc lus ion  o f  Hem e t  a l e 9  i n  t h a t  t h e  complexc?d 

p e n i c i l l i n  degrades 5-6 t imes as f a s t  as t h e  uncoiiiplexed p e n i c i l l i n  

and r e s u l t s  i n  an inc reased o v e r a l l  r a t e  o f  degradat ion .  

When t h e  en tha lpy  change o f  t h e  phys i ca l  m ix tu res  was p l o t t e d  

a g a i n s t  t h e  mole f r a c t i o n  o f  t h e  components ( F i g u r e  3 ) ,  t he  en thd lpy  

change was found t o  pass th rough a maximum cor respond ing  t o  1:0.5 

( 2 : l )  mola r  r a t i o  o f  anhydrous a m p i c i l l  in-aspartdme phys i ca l  m i x t u r e  

Since en tha lpy  change i s  an a d d i t i v e  p roper t y ,  t h i s  maximum rep re -  

sents  an optimum complexat ion  r a t i o  acco rd ing  t o  the  method o f  con- 

t i n o u s  v a r i a t i o n  f o r  complexat ion  a n a l y s i s  . 14 
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AMPICILLIN-ASPARTAME MIXTURE 865 

DSC thermograms o f  1:1, 1 :1 .5 ,  1 :2 ,  1 : 2 . 5  and 1:2 .75  molar  

r a t i o s  o f  anhydrous amp ic i l l i n -aspar tame p h y s i c a l  m i x t u r e s  showed 

an endothermic peak w i t h  an average t r a n s i t i o n  tempera ture  range 

f rom 144-166'C and w i t h  an average maximum peak o f  t r a n s i t i o n  a t  

165OC. The area, and hence en tha lpy  change, o f  t h i s  peak was 

found t o  i nc rease  as t h e  concen t ra t i on  o f  aspartame i n  t h e  m i x t u r e  

inc reased.  

complex, r e f l e c t i n g  an i n c r e a s i n g  amount o f  a s p a r t m e  i n  t h e  complex. 

The down cu rve  o f  t h i s  endothermic peak con t inued  below t h e  scanning 

base l i n e  t o  fo rm a smal l  exotherm w i t h  an average t r a n s i t i o n  

temperature range f rom 166-169OC and w i t h  an average maximum peak 

of t r a n s i t i o n  a t  168OC. Since t h e  f i r s t  peak o f  aspartame rep resen ts  

t h e  l o s s  o f  t h e  methyl  es te r , t he  smal l  exo thermic  peak may be a t t r i b -  

u ted  t o  a complex rearrangement i n v o l v i n q  t h e  r e s u l t i n g  f r e e  carboxy l  

group. 

a new complex s t o i c h i o m e t r y  a t  1 : 2  mo la r  r a t i o  of (dnhydrous a m p i c i l l i n  

t o  aspartame; t h e  exotherm then d im in i shes  as a smal l  endothermic 

peak, r e p r e s e n t i n g  uncomplexed aspartame, appears immedia te ly  a f t e r  

t h e  up curve  o f  t h e  exotherm. 

these m ix tu res  were found t o  i nc rease  as t h e  c o n c e n t r a t i o n  o f  

aspartame i n  t h e  m i x t u r e  i nc reased  r e f l e c t i n g  t h e  r e l a t i v e  thermal 

s t a b i l i t y  o f  t h e  rear ranged complexes. 

T h i s  may be due t o  a changing s to i ch io rne t r y  f o r  t h e  

The area o f  t h i s  exotherm increases  t o  a miximum r e f l e c t i n g  

The decomposi t ion temperatures o f  

DSC thermograms o f  1:3,  1 :4 ,  1 :5  and 1:6 mola r  r a t i o s  o f  an- 

hydrous amp ic i l l i n -aspar tame p h y s i c a l  m ix tu res  showed a double peaked 

t r a n s i t i o n  w i t h  an average t r a n s i t i o n  temperature range f rom 145- 

18OoC,  an average maximum f i r s t  peak o f  t r a n s i t i o n  a t  165 C and 

w i t h  an average maximum second peak o f  t r a n s i t i o n  a t  169OC. 

areas o f  t h e  two peaks r e p r e s e n t i n g  t h i s  doub le  peaked t r a n s i t i o n  

0 

The 
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866 EL-SHATTAWY, KILDSIG, AND PECK 

were found t o  increase as the  concentrat ion o f  aspartame i n  the  

mixtures increased. 

as i t  represents uncomplexed aspartame, the thermal behavior of t he  

f i r s t  peak, represent ing complexed aspartame, may be a t t r i b u t e d  

again t o  a change i n  complex s to ich iometry  r e f l e c t i n g  an increas ing 

amount o f  aspartame i n  the  complex. 

p lex  i s  probably undefined being an undetermined i n t e r a c t i o n  o f  

aspartame w i t h  a m p i c i l l i n  and perhaps a m p i c i l l i n  degradation products. 

A t  a 1:6 molar r a t i o  o f  anhydrous a m p i c i l l i n  t o  aspartame, new 

maximum complex format ion appears t o  be achieved. 

temperatures of these mixtures were a l so  found t o  increase as the con- 

t r a t i o n  o f  aspartame i n  the m ix tu re  increased. 

While t h i s  was expected f o r  t he  second peak 

The s to ich iometry  o f  t he  com- 

The decomposition 

DSC thermograms o f  1:7 and 1 : 9  molar r a t i o s  o f  anhydrous a m p i c i l l i n -  

aspartame phys ica l  mix tures showed a double peaked t r a n s i t i o n  w i t h  

an average t r a n s i t i o n  temperature range from 146-185 C, an average 

maximum f i r s t  peak o f  t r a n s i t i o n  a t  164OC and w i t h  an average maximum 

second peak of t r a n s i t i o n  a t  172OC. 

represent ing complexed aspartame, decreased as t h e  concentrat ion o f  

aspartame i n  the mixtures increased, r e f l e c t i n g  the decreasing amount 

of a m p i c i l l i n  present. As would be expected, the area o f  t he  second 

peak and the f i n a l  peak o f  aspartame, represent ing DKP formation, 

increased as the  concentrat ion o f  aspartame i n  the  m ix tu re  increased. 

The decomposition temperatures o f  these mixtures were s h i f t e d  t o  

h igher  temperatures as aspartame concentrat ion i n  the m ix tu re  i n -  

creased. 

0 

The area o f  t he  f i r s t  peak, 

I n  a previous investigation' ', a m p i c i l l i n  t r i h y d r a t e  was shown 

by DSC t o  have a broadened endothermic peak w i t h  a t r a n s i t i o n  temper- 

a tu re  range from 70-133OC represent ing the l o s s  o f  the water o f  c r y s t a l -  

l i z a t i o n .  A f t e r  t h i s  peak no t r a n s i t i o n  was t raced  u n t i l  203OC where 
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F I G U R E  4 
Enthal py change of ampici 11 in  t r i  hydrate-asliartame physical 
mixtures a s  a function of composition. 

ampicil l i n  t r ihydra te  decomposed. Therefore, DSC. thermograms of 

physical mixtures of ampici l l in  t r ihydra te  with aspartame wil l  re- 

f l e c t  tlie c h a r a c t e r i s t i c  fea tures  o f  the  therniocjrrims of each corn-- 

ponent i f  no in te rac t ion  occurred. 

Figure 2 i l l u s t r a t e s  the DSC thermcigrams o f  ampici l l in  ti-ihy- 

dra te  and aspartame, separately and  i n  physical mixtures, while 

Figure 4 i l l u s t r a t e s  the  enthalpy change of the  physical mixtures 

as  a function of composition. The data f o r  Figure 4 i s  presented 

in  Table 1. I t  was found t h a t  ampici l l in  trihydrzite-aspartame 

physical mixtures exhib i t  more o r  l e s s  t.he same thermal behavior as  

in  the (case of the anhydrous ampicillin-aspartame physical mixtures, 

except t h a t  no exothermic peak was traced a t  a 1:;' molar r a t i o .  This 
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868 EL-SHATTAWY, K I L D S I G ,  AND PECK 

may be due t o  the e f f e c t  of the water o f  c r y s t a l l i z a t i o n  o f  a m p i c i l l i n  

t r i h y d r a t e  t h a t  i s  released before the complex t r a n s i t i o n .  

change o f  t he  a m p i c i l l i n  tr ihydrate-aspartame phys ica l  mix tures was 

found t o  be lower than the p red ic ted  values and, f o r  the most pa r t , l ower  

than the values obtained f o r  the anhydrous ampic i l l in -aspar tame 

phys ica l  mix tures o f  t he  same molar composition. 

o f  a m p i c i l l i n  tr ihydrate-aspartame phys ica l  mix tures was found t o  

pass through a maximum, corresponding t o  1:0.5 (2:l) molar r a t i o ,  

when p l o t t e d  against  the mole f r a c t i o n  o f  t he  components (F igure 4 ) .  

The enthalpy 

The enthalpy change 
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