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Abstract 

Phenoxymethylpenicilloic acid monohydrate was titrated with 12 different brands of Karl Fischer reagent. It was 
shown that only the four pyridine-containing reagents gave correct results for water content, providing that the 
sample solution was cooled in an ice bath or that the delay time of the amperometric end-point determination was 
10 s instead of 30 s, as prescribed by the European Pharmacopoeia. The other reagents always gave results, which 
were too high. When these reagents were used to titrate the water in sodium amoxicillin, sodium carbenicillin or 
sodium ticarcillin the same conclusions could be drawn with regard to the accuracy of the results, the usefulness of 
the reagents and the reaction conditions. These penicillins may contain up to 9% penicilloic acids. The maximum 
relative error obtained with pyridine-free reagents was about 50% for ticarcillin. It has been confirmed that penicilloic 
acids interfere with Karl Fischer titration of water and that this interference is greatly dependent on the brand of 
reagent and on the reaction conditions. 
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1. Introduction 

Interference o f  degradat ion products  (i.e. peni- 
cilloic acids) with semi-microdetermination (Karl 
Fischer titration) o f  water in penicillins was men- 
tioned previously by Lindquist  [1]. Penicilloic 
acids are oxidized by iodine and in fact iodimetric 
t i tration is a s tandard method  for the determina- 
tion o f  penicillins, which first have to be con- 
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verted into penicilloic acids by hydrolysis. The 
reaction is rather slow and is pH-dependent .  In- 
terference with Karl Fischer titration was re- 
ported to decrease on increasing the titration 
speed th rough  the use o f  fast reagents and a 
home-buil t  electronic control  unit. In these experi- 
ments penicillins were used which contained rela- 
tively small amounts  o f  penicilloic acids [1]. '" 

The phenomenon  is now studied using pure 
phenoxymethylpenicil loic acid, containing about  
5% water. The influence of  the type of  Karl 
Fischer reagent has been examined by using 
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reagents of different brands: one-component 
reagents as well as two-component reagents. The 
influence of the speed of the titration has been 
examined by adapting the delay time at the end of 
the titration. This is the time during which the 
deflection of the microammeter should persist, 
before the titration is ended. The influence of 
cooling the reacton vessel has also been examined 
as well as the influence of purging the reaction 
vessel with dry nitrogen. Titrations are also car- 
ried out using penicillins which contain relatively 
large amounts of penicilloic acids such as sodium 
amoxicillin, disodium carbenicillin and disodium 
ticarcillin. 

2. Experimental 

2.1. Solvents and chemica& 

Methanol (HPLC grade) was obtained from 
Rathburn (Walkerburn, UK); pyridine, iodine 
and methoxyethanol were from Acros Chimica 
(Beerse, Belgium); sodium tartrate dihydrate (ref- 
erence substance for Karl Fischer titration) was a 
p.a. reagent from E. Merck (Darmstadt, Ger- 
many) and sulphur dioxide was from Matheson 
Union Carbide (Oevel, Belgium). Water was dou- 
bly-distilled and boiled prior to use. Disodium 
ticarcillin, disoium carbenicillin and sodium 
amoxicillin samples were obtained from Beecham 
(Heppignies, Belgium). Phenoxymethylpenicilloic 
acid was prepared in the laboratory according to 
Munro et al. [2]. 

2.2. Apparatus 

2.3. Karl Fischer reagents 

Several batches of Karl Fischer reagents were 
prepared according to the procedure described in 
the European Pharmacopoeia (Ph. Eur.) [3]. 
Other Karl Fischer reagents were obtained from 
J.T. Baker (Deventer, The Netherlands); BDH 
(Poole, UK); E. Merck and Riedel de Ha6n 
(Seelze, Germany). 

2.4. Procedure 

The method prescribed in the Ph. Eur. was 
followed [4]. First, the solvent was titrated to the 
end-point. The sample was introduced into the 
titration vessel and titrated. For phen- 
oxymethylpenicilloic acid 0.100 g was used; for 
the penicillins the prescribed amounts were used: 
0.150 g for disodium ticarcillin [5] and disodium 
carbenicillin [6], 0.400 g for sodium amoxicillin 
[7]. The Ph. Eur. prescribes that at the end of the 
titration the deflection of the microammeter 
should persist for not less than 30 s (delay time). 
Titrations were stopped manually when the total 
titration time was more than 20 rain. Independent 
titrations were performed, the vessel being emp- 
tied after each titration and fresh solvent added. 
Most titrations were performed while purging the 
reaction vessel with dry nitrogen. Standardisation 
was performed daily with sodium tartrate dihy- 
drate, except for J.T. Baker modified solvent 
(8840) where a standard containing water was 
used, because the tartrate was not soluble. 

A Karl Fischer Automat 633 combined with a 
Multi-Dosimat 645 and a Multi-Bfirette E485 
(Metrohm, Switzerland) were used. The titration 
speed 5 ml rain- i. 

A gas chromatograph DN 200 with a series 11 
thermal conductivity detector (Delsi-Nermag, Ar- 
genteuil, France) and a 5 ft × 1/8 in Porapak 
column (Alltech, Laarne, Belgium) was used. The 
temperature of the column was maintained at 
130°C. Nitrogen was used as the carrier gas, 
methanol as the internal standard and 2-propanol 
as the solvent. 

3. Results and discussion 

The original Karl Fischer (KF) reagent con- 
tains iodine, sulphur dioxide, pyridine and 
methanol [8]. Pyridine is present to buffer the pH 
and methanol ensures the stoichiometry of the 
reaction by forming methylsulphite with sulphur 
dioxide, which is then oxidised by iodine into 
methylsulphate with consumption of one equiva- 
lent of water. Methylsulphate cannot react further 
with water whereas, in the absence of methanol, 
sulphur trioxide is formed, which can further 
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react with water, leading to an undefined stoi- 
chiometry. Excess iodine is detected ampero- 
metrically, Several KF reagents with different 
compositions are now available, as one-compo- 
nent or two-component  reagents. A one-compo- 
nent reagent is a titrant containing iodine, sulphur 
dioxide and a suitable base or buffer in methanol 
or methoxyethanol.  A two-component reagent 
is a system where the sample is dissolved in the 
solvent provided by the manufacturer.  This 
solvent usually contains sulphur dioxide and a 
base dissolved in methanol or methoxyethanol.  
The titrant contains iodine in methanol or 
methoxyethanol.  Other components may be 
present. More details concerning the composition 
o[" the Karl Fischer reagents used in this study 
have been published elsewhere [9]. The Ph. Eur. 
iodosulphurous reagent is a classical pyridine-con- 
raining reagent. 

Penicillins always contain at least some penicil- 
loic acid, which is formed by hydrolysis of  the 
fl-lactam ring. In order to study the interference 
of penicilloic acids in KF titration of penicillins, 
experiments were first carried out with pure peni- 
cilloic acid, where interference would be easier to 
detect. Phenoxymethylpenicilloic acid, derived 
fi'om phenoxymethylpenicillin or penicillin V, was 
used for this purpose. When phenoxymethylpeni- 
cilloic acid is prepared by alkaline hydrolysis in 
aqueous medium and acidificaiton, it crystallizes 
as the monohydrate  [2]. This corresponds to a 
water content of about 5%. The exact amount  of  
w a t e r  in penicilloic acids cannot be determined by 
loss on drying because they are liable to decom- 
pose by decarboxylation during heating. There- 
fore. as an alternative method for KF titration, 
the water content was determined by gas chro- 
matography.  The restllt was 5.1%. 

Results obained by KF titration of phe- 
noxymethylpenicilloic acid are shown m Table 1. 
In till, 12 different KF reagents were used: classi- 
cal one-component reagents with pyridine, one- 
component  reagents without methanol, one- 
component  reagents without pyridine and two- 
component  reagents. Two titration delay times 
were used: that prescribed by the Ph. Eur. (30 s) 
and a shorter delay time of 10 s. The titrations 
were either carried out at room temperature or 

with cooling in an ice bath. Most experiments 
were carried out in a flow of dry nitrogen. The 
results mention the mean (% m,m water) of sev- 
eral titrations. The numbers of litrations and the 
realtive standard deviations (RSDsl tire men- 
tioned m parentheses. The maximum total titra- 
tion time (7) is also reported. 

The results obtained with a delay time of 30 s 
show that at room temperature the values are 
always high. The pyridine-free one-component 
reagents and the two-component reagents show 
the greatest differences from the value determined 
by gas chromatography (5.1'!,,I. The deviations 
most often correspond to more than I()0%. When 
cooling in an ice bath the pyridine-containing 
one-component reagents t l 4} give a value 
slightly above 5.1%. The other reagents tire not 
greately influenced by the temperature. Ai the 
same time it is observed that, for the pyridine- 
containing reagents, the total reaction time is 
greatly reduced. Apparently the side-reaction with 
pcnicilloic acid is too slow in pyridine and at 0°C 
to cause a measurable problem. For the other 
reagents the cooling is not sufficient to exclude the 
side-reaction. In the experimcnts under nitrogen it 
is shown that the results obtained with reagents 
1 4 are very close to 5.1"i,. The nitrogen flow 
excludes the influence of atmospheric moisture. 

The results with a delay time of I0 s were 
always obtained in a nitrogen environment. Re- 
duction of tlie delay lime allows one to reduce the 
total reaction time. Shorter reacton times were 
previously advocated by K'agevall et al. [10] when 
performing flow-injection Karl Fischer analysis of 
penicillins. It is now obscrxed that cooling is not 
necessary to obtain good resulls with pyridine- 
containing reagents. One pyridine-free reagent (5) 
also gives reasonable results. All other results 
differ by more than 1009.,, from the expected x alue 
(5.1<~/,>). It is observed that reaction speed alone is 
not sufficient to guarantee correct results. Most 
two-component reagents are also \'cry fast, but 
apparently the composition of these reagents al- 
ways allows side-reactions to occur. Some experi- 
ments with two-component reagents could not be 
carried out because the sample was not soluble in 
30 ml of the solvent. 
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Table 1 
Karl Fischer titrations of  phenoxymethylpenicilloic acid (% m/m water)" 

K F reagent Normal titration delay time (30 s) 

Room temp. Ice bath Ice bath (nitrogen) 

Shortened titration delay time (10 s) 

Room temp. (nitrogen) Ice bath (nitrogen) 

One-component  reagents 
1. Ph. Eur. 8.69 5.30 5.08 5.08 5.17 

iodosulphurous (3,13.8) (3,1.6) (7,3.3) (3,0.7) 14,4.4) 
T - 1 0  T - 5  T = 5  T = I  T - 1  

2. Merck titrant 10.01 5.24 5.20 5.19 5.33 
A + B  (3,8.4) (5,0.9) (5,1.3) (2,4.1) (2,2.4) 
(9246+9247) T =  20 T = 4  T - 5  T =  1 T -  1.5 

3. Merck 7.86 5.26 5.13 5.08 5.09 
methanol-free (7,11.9) (6,2.0) (7,2.3) (3,6.7) (4,4.9) 
(9248) T = 24 T = 8 T = 3 T -  1.5 T = 1.5 

4. Merck rapid 9.47 5.43 5.14 5.66 5.12 
methanol-free (5,5.5) (4,0.2) (4,5.7) (3,0.7) (4,4.1) 
(9245) T =  10 T =  4 T =  4 T =  I T =  1 

5. Merck 13.79 8.66 NP 5.30 5.35 
pyridine-free (3,1.7} (3,16.3) (4,0.7) (4,0.7) 
(9258) T =  10 T =  12 T =  1 T -  1 

6. Riedel de Hahn 11.16 11.67 NP 11.41 11.60 
hydranal composite (3,0.6) (3,1.6) (3,2.8) (4,2.3) 
pyridine-free T - 4 T = 9 T - 3 T - 3 
(34805) 

Two-component  reagents 
7. Merck 13.99 INS NP 11.61 INS 

titrant U(9233) (3,5.3) (2,2.3) 
solvent K(9221 ) T =  20 T -  10 

8. Merck 12.89 13.20 NP 13.34 12.62 
titrant U(9233) (2,1.7) (3,2.9) (3,3.2) (4,4.4) 
solvent (9241) T -  20 T= 25 T =  1 T -  1 

9. Riedel de Haen 12.04 11.99 NP 13.87 13.53 
hydranal (3,0.7) (3,1.9) (3,2.5) (4,1.7) 
titrant (34801) T =  9 T =  5 T -  1 T =  1 
solvent (34800) 

10. BDH 12.40 12.79 NP 13.04 13.53 
titrant (19265) (4,2.7) (4,4.2) (3,3.0) (4,3.3) 
solvent (19266) T =  9 T =  17 T -  1 T =  1 

11. J.T. Baker 12.38 13.07 NP 11.07 11.05 
titrant (8842) (4,6.6) (4,4.6) (3,2.7) (3,2.5) 
solvent (8855) T =  3 T= 16 T =  I T - 2  
sprint 

12. J.T. Baker 12.69 13.47 NP 11.31 11.95 
titrant (8842) (3,7.1) (3,0.3) (3,2.1) (4,3.8) 
solvent (8840) T =  8 T =  12 T =  1 T -  1 
modified 

"The number  of  titrations (n) and the RSD are given in parentheses (n, RSD). INS = insoluble under the conditions used. NP = not 
performed. T =  maximum titration time observed (rain). Aliquots of  100 mg and 30 ml portions of solvent were used. 

The degradation 
sodium amoxicillin, 
disodium ticarcillin 

products of the samples of 
disodium carbenicillin and 

were found to comply with 

the prescriptions of the corresponding Ph. Eur. 
monograph [5-7]. The degradation products are a 
measure of the hydrolysed fl-lactams which may 
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Table 2 
Karl Fischer titrations of commercial penicillins (% m/m waterp 

KF reagent Amoxicillin sodium Carbenicillin sodium 
A B A B 

Ticarcillin sodium 
A B 

Olle-component reagents 
1. Ph. Eur. 3.95 3.32 4.34 4J10 4.71 4.26 

iodosulphurous (5,1.6) (5,3.5} {5,1,7} (5 2.3) (5,1.71 15,3.2) 
reagent T 9 T - 6  T= 10 T 6 T I f l  I::(+ 

2. Merck NP 3.24 NP 4. i3 NP 4.23 
titrant A + B (4,2.5) 143.4) (?,,6.8) 
(9246q 9247) T - 8  7 6 7 f~ 

3. Merck 3.89 3.47 4.71 4.19 5.17 4.55 
methanol-free (4,4.3) (4.3.1) (4,3.3) (4 2.5) (6, I.S ) (4.<S I 
19248) 7"=7 T = 4  T = 8  7 - 5  T 7 l' ~ 

4.Merck rapid 3.75 3.34 4.64 4.14 4.96 4.39 
reel hailol-free (4.2.1) (3,9.4) (3,3.7) (4,8.7) { 3,3.31 t4,8.41 
~9245) T - 3  T - 3  7 - 5  7 3 7' 7 l 5 

5. Merck NP 4.16 NP 4.t~3 NP 576 
pyridine-free (4,8.2) (4.4.6) ((~.LSI 
19258) T= 3 7 = 3 I' 7 

6. Ricdel de Ha6n NP 3.54 NP 440 NP 5.7~ 
hydranal composite (3,5.9) ( 3,7.8 ) t 3,8.8 ) 
py'ridine-free T= 3 7 2 /" 5 
(348O51 

Two-component reagents 
7. Merck NP INS NP 

titrant U(9233) 
sohent K{9221) 

8 Merck NP INS NP 
titrant 1.!(9233) 
sohent (9241) 

9. Riedel tie Ha/3n NP INS NP 
titranl (34801) 
solvent (34800} 

III. BI)H NP INS NP 
tilranl (19265) 
sohenl 119266) 

11. ,I T. Baker NP 3.63 NP 
titranl (8842) (4,3. I ) 
sohent (8855) T -  5 

INS NP INS 

INS NP INS 

INS NP INS 

473 NP INS 
(2,1.8) 
7 = 2  
5 67 NP 6.40 
(4,8.2l (4.7.11) 
1 = 18 7, 20 

" A: litrations performed at room temperature and under nitrogen. B: titrations performed at 0°C and under nitrogen. The number 
of tilrations (n) and the RSD are given in parentheses (n, RSD). INS = insoluble tinder the conditions used. N P -  nol performed. 
7"- maximum titration time observed (min). Sample size was 400 mg for sodium amoxicillin and 150 mg for disodium carbenicillin 
or disodium ticarcillin. Aliquots of 30 ml of solvent were used. 

react  wi th  iod ine .  T h e  a m o u n t s  were  9% in 

s o d i u m  amoxic i l l in ,  7% in d i s o d i u m  ca rben ic i l l i n  

a n d  6% in d i s o d i u m  t icarci l l in .  T h e  resu l t s  o f  K F  

t i t r a t i o n  o f  the  pen ic i l l ins  are  s h o w n  in T a b l e  2. 

All the  experiments were  ca r r i ed  o u t  w i th  a de lay  

t ime o f  30 s, u n d e r  n i t r o g e n .  T h e  on ly  va r i ab l e s  

were  the  b r a n d  o f  K F  r e a g e n t  a n d  the  r e a c t i o n  

t e m p e r a t u r e .  A s h o r t e r  de lay  t ime  was  n o t  used 

d u e  to  lack o f  s a m p l e  a n d  a lso  b e c a u s e  it was  n o t  

c o n s i d e r e d  to  be necessa ry :  the  effect  o f  a s h o r t e r  

de lay  t ime  is a d e q u a t e l y  s h o w n  in T a b l e  1. W i t h  

the  penic i l l ins  t h e r e  was  a lso  a d i f f e r ence  b e t w e e n  

t i t r a t i o n  at  r o o m  t e m p e r a t u r e  a n d  at 0°C,  the  

l a t t e r  g iv ing  l o w e r  resu l t s  a n d  s h o r t e r  t i t r a t i on  
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times. At 0°C the pyridine-containing reagents 
(1-4)  gave similar results and, considering the 
behaviour observed for phenoxymethylpenicilloic 
acid, they were accepted as the correct values. For 
reagents 1 4 the maximum relative difference 
with the result obtained at room temperature was 
18% for amoxicillin, 14% for carbenicillin and 
19'7,, for ticarcillin. The pyridine-free one-compo- 
nent reagents (5,6) gave higher values, as ex- 
pected. Most of  the two-component  reagents 
could not be used because the samples were not 
soluble in 30 ml of  the solvent. As expected, 
two-component  reagents always gave values 
which were too high. The maximum relative dif- 
ference with the result obtained at 0°C with 
reagents 1-4  was 24% for amoxicillin, 38% for 
carbenicillin and 47% for ticarcillin. The observed 
differences are less important  than for the titra- 
tions in Table 1 because the penicillin samples 
only contain 6 - 9 %  of  penicilloic acids. 

4. Conclusion 

It has been shown that the presence of penicil- 
loic acids may significantly influence the Karl 
Fischer titration. Much depends upon the choice 
of  the reagents. So-called fast reagents do not 
always give reliable results. Pyridine-containing 
one-component  reagents give the best results but 
even they lead to overestimation when Ph. Eur. 
conditions are used. Correct values are obtained 
with the pyridine-containing one-component  

reagents when the sample solution is cooled in an 
ice bath or the delay time is reduced from 30 s to 
10 s. Purging the reaction vessel with dry nitrogen 
slightly improves the result. This paper shows 
clearly that the Karl Fischer reagent officially 
prescribed by the Ph. Eur. should not be replaced 
by other reagents without rigorous validation. 

Acknowledgements 

The authors thank Beecham S.A. (Heppignies, 
Belgium) for the kind gift of  penicillins. A. De- 
coux is acknowledged for secretarial assistance. 

References 

[l] J. Lindquist, J. Pharm. Biomed. Anal., 2 (1984) 37 44. 
[2] A.C. Munro, M.G. Chainey and S.R. Woroniecki, J. 

Pharm. Sci., 67 (1978) 1197-1204. 
[3] European Pharmacopoeia, 2nd edn., Maisonneuve, 

Sainte-Ruffine, France, Chapter VII, 1986. 
[4] European Pharmacopoeia, Maisonneuve. Sainte-Ruffine, 

France, 1992, Chapter V.3.5.6. 
[5] European Pharmacopoeia, monobraph Ticarcillin 

Sodium. Maisonneuve, Sainte-Ruffine, France, 1994. 
[6] European Pharmacopoeia, monograph Carbenicillin 

Sodium, Maisonneuve, Sainte-Ruffine, France, 1993. 
[7] European Pharmacopoeia, monograph Amoxicillin 

Sodium, Maisonneuve, Sainte-Ruffine, France, 1988. 
[8] K. Fischer, Angew. Chem., 48 (1935) 394-396. 
[9] Th. Cachet and J. Hoogmartens, J. Pharm. Biomed. 

Anal., 6 (1988) 461 472. 
[10] 1. K~_gevall, O. /~str6m and A. Cedergren, Anal. Chim. 

Acta, 132 (1981) 215 218. 


