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Abstract 

In this study, a conductin~ctric titration method is proposed for the determination of some commonly 
used antibiotics. The conductimetri¢ titration of three antibiotics, namely ampicillin, amoxycillin trihydratc 
and rifampin, was carried out in acetic acid using perchloric acid as titrant. Ciprollaxacin hydrochloridc. 
however, was titratcd after being dissolved in acetic acid containing an excess of mercury(l l) acetate. For the 
titration of nctilmicin sulphate, bariutn acetate prepared in acetic acid was used as titrant. The mctht~d was 
l~ttnd to bc highly accurate and precise, having a relative standard deviation of less than 1.0'V,, for all 
antibiotics studied. It was also shown that the conductimctric titrirnetry could bc successfully applied to the 
assay of commercial preparations containing the above-mentioned antibiotics. The wdidity of the method 
was tested by the recovery studies of standard addition to pharmaceuticals and the results were found to bc 
satistactory. 
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I. Introduction 

Ampicillin. amoxycillin trihydrate, rifampin, 
netilmicin sulphate and ciprollaxacin hy- 
drochloridc are among the most widely uscd 
antibiotics. The extensive development of the 
pharmaceutical tield requires more rigorous an- 
alytical methods for the control of  drugs. Vari- 
ous available methods in the literature for the 
determinations of these antibiotics include 
iodometric, mcrcurimetric titrimctry and spcc- 
t rophotomctry for ampicillin and amoxycillin 
trihydrate [ I-7] ;  spectrophotometry, chro- 
matography and ampcrometry for rifampin [8-  
II]: GLC.  TLC and HPLC for netilmicin 
sulphate [12-14]; chromatography and spec- 
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t rophotometry for ciprollaxacin hydrochloridc 
[15-18]. When it comes to the routine determi- 
nations in pharmaceuticals, the Unitcd State 
Pharmacopeia (USP) prescribes iodometry and 
chromatography for ampicillin and amoxycillin 
trihydratc [19], and microbiological methods 
for rit:ampin and netilmicin sulphate [20]. How- 
ever, the USP does not recommend any 
method for the assay of eiproltaxacin hy- 
drochloride, a relatively new antibiotic. 

An inspection of both the available methods 
and the USP ones for the five above-mcntioncd 
antibiotics reveals that most of them are either 
cumbersome or time consuming, or involve the 
use of expensive equipment and reagents. How- 
ever. no reports have appeared dealing with the 
conductimetric method for the determination 
of these antibiotics in non-aqueous media so 
fitr. Therefore. the aim of the present work is 

reserved 
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to develop a new reliable method as a continu- 
ation of  our studies related to conductimetric 
titration in non-aqueous media [21-24]. The 
proposed conductimetric titration method in 
acetic acid solvent yields accurate and repro- 
ducible results, and has also been applied to 
the assay of pharmaceutical preparations. 

2. Experimental 

I. Apparatus 

An Orion Model 10t conductivity meter 
equipped with an Orion Cat. No. 99.01.01. 
conductivity cell (with a cell constant of 1.04 
c m - ' )  was used throughout the study. All 
titrations were carried out manually in a spe- 
cially designed cell as described previously [25]. 
The cell was connected to it water-circt, lating 
thermostat at 25 + I°C during the titrations. 

2.2. ~$htterietls 

Ampicillin, amoxycillin trihydratc and 
ciprotlaxacin hydrochloride, obtained from 
Fako Drug Company (Turkey), wcrc of chemi- 
cally pure laboratory working standard, having 
purities of 99.5'V,., 99.0'5/,,,, and 99.7'V,,, respec- 
tively. 

Rifampin, obtained from Rclik Sitydam fly- 
gienc Center (Turkey), was of a chemically 
pure laboratory working standard, with a pu- 
rity of 99.9%. 

Netihnicin sulphate, received fronl 
Eczaclba~,;! Drug Company (Turkey), wits of a 
chemically pure laboratory working standard, 
having a purity of 98.9'V,,. 

All the antibiotics were dried in a vacuum 
oven before being used, except for amoxycillin 
trihydrate. 

Allasilin (Fako Co.) wits labelled its contain- 
ing ampicillin trihydrate equivalent to 500 mg 
ampicillin per capsule. 

Alfoxil (Fako Co.) wiis labelled as contain- 
ing amoxycillin trihydrate equivalent to 500 mg 
amoxycillin per tablet. 

Rifadin (Sifar Co.) was labelled as contain- 
ing 150 mg rifampin per capsule. 

Netromycin (Eczactbast Co.) was labelled as 
containing netilmicin sulphate equivalent to 
150 mg netilmicin base per I ml of an ampoule. 

Proxacin (Fako Co.) was labelled as contain- 
ing ciproflaxacin hydrochloride equivalent to 
250 mg ciproflaxacin per tablet. 

Perchloric acid soh~tion in acetic' acid. The 
anhydrous 0.040 M perchloric acid used in the 
titration was prepared as follows. 0.80 ml of 
70"/., perchloric acid (Merck) was added drop- 
wise to 5 ml of  ice-cooled pure acetic anhy- 
dride. The light yellow solution was left for 
5 -6  h at room temperature. 2.00 ml was then 
introduced into a 100.0 ml calibrated flask and 
diluted to volume with acetic acid. This solu- 
tion was standardized against the primary stan- 
dard sodium carbonate. 

Burhtm acetate soh~tion it1 ~tcetic achl. O. 1 M 
barium acetate solution prepared in glacial 
acetic acid was gravimetrically standardized by 
precipitation of the barium ions as barium 
sulphate. 

Glacial acetic acid (pure) was purchased 
from Merck, and wlts used after shaking with 
pure chronlium(Vl) oxide and subjecting to 
subsequent fractional distillation [26]. 

Antibiotics solutions. Ampicillin (6-8 rag), 
amoxycillin trihydrate (7-8  mg), rifampin i l l -  
14 rag) and nctilmicin sulphate (16-21 rag) 
wcrc dissolved in 25 ml of  glacial acctic acid, 
depending upon their molecular weights. 
Ciproflaxacin hydrochloridc (20-25 rag) wits 
dissolved in I ml of 0.1 M mercury(ll) acetate 
solution in acetic acid and then diluted to 25 
ml with acetic acid. Aliquots of 20 ml taken 
from the test solutions of  ampicillin, amoxy- 
cillin trihydrate, rilampin and ciprollaxacin hy- 
drochloride were titrated with standard 
pcrchloric acid solution, at 25°C, under nitro- 
gen atmosphere. The titration of nctilmicin sul- 
phate wits citrried out using standard barium 
acetate solution its titrant tinder the sttmc con- 
ditions. All the assay solutions were prepared 
prior to titrations. 

2.3. The solutions oJ'pharmacetttical 
prepctrations. 

Cetpsuh,s 
15 alfasilin capsules were weighed and their 

average contents were calculated. The contents 
were pooled and finely powdered, and the re- 
quired amount of powder was weighed accu- 
rately and dissolved in 25 ml glacial acetic acid. 
The slime procedure was applied to rifadin 
capsules. 

Tablets 
For both alfoxil and proxacin, 15 tablets 

were weighed and the average weight was cal- 
culated for each. The required amount of finely 
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grounded alfoxil powder  was dissolved in 25 ml t,. 5 
of  acetic acid. while the required amoun t  o f  
proxacin powder  was dissolved in 1 ml 0.1 M /-,.0 
mercury'{II) acetate solution before being di- 
luted to 25 ml with acetic acid. 

~ 3 . 5  ,.g:, 

O 

Ampoule "2 
An ampoule  o f  netromvcin was transferred o 3 .0  

" E 

into a 100 mi s tandard flask and dissolved in "- 
acetic acid to give a stock solution. The re- ~ 2.5 
quired volume o f  this stock solution was di- ',~ 
luted with acetic acid to 25 ml. '~,~ 

The 20 ml aliquots taken from the solutions g 2 .0  
o f  the pharmaceutical  preparat ions were also = 

O 

titrated with the above-ment ioned titrants un- u t .5 
der the same condit ions its s tandard antibiotics. 

The titrations were repeated for different 
l . ~  

amounts  o f  each antibiotic and pharmaceutical  
preparation. 

3. Results and discussion 

3. I. Dctcrmimttion of stwn&rd attire 
('OIHI~(~II('tlIS 

0.5  _ A . _ . l  t t . . . . .  t____  
0 .0  0 .2  O . 4 0 . f i  0 .8  1 .0  t . 2  

p e r c h l o r i c  neid .mL 

Fig. I. Conductomctric titration curve for ampicillin ti- 
tratcd with pcrchloric acid m ;,cctic acid solution. 

Ampicillin, amoxycillin tr ihydrate and ri- 
hunpin were titrated condt,ctimctrically with 
perchloric acid as titrant in glacial acetic acid. 
The titration curves for each of  the antibiotics 
displayed one stoichiometrically well delined 
end-point.  The titration curves of  these three 
compotmds  arc shown in Figs. I - 3 .  The end- 
points corresponding to one equivalent o f  acid 4 .5  
in the titration curves o f  ampicillin and amoxi- 
ciilin tr ihydrate can be attributed to the proto- '~Qt~ .0 
nation of nitrogen located in the / / - [ac tam ring. ,.., 
However, the end-point  corresponding to one o 
equivalent o f  acid in the titration curve of "~3.5 
rifampin can be related to the pro tonat ion  o f  

a_l N - C H ~  in the piperazinc ring. "~3.0 
Since ciproflaxacin hydrochloride is not solu- .,., 

ble in itcetic acid alone, this antibiotic was 
a2 .5  dissolved using acetic acid containing an excess .~ c" 

of  merct, ry(li)  acetate [27]. The followinz reac- o 
tion was proposed to take place between 2 .0  
ciproflaxacin hydrochloride and mcrcury(l l )  

acetate: t .  5 

2 Ciproflaxacin.HCI + Hg(CH.~COO). 

--. 2Ciproflaxacin + HgCI:  + 2 CH~COOH 

Mercury(l l)  chloride and mercury(l l )  acetate 
do not dissociate in acetic acid and therefore 
did not interfere with the conductimetr ic  titra- 

tion of  this antibiotic; mercury(ll) chloride is 
also readily soluble in acetic acid. The 
ciproflaxacin formed in the solution was then 
titrated with pcrchloric acid in acetic acid. This 
substance also gave a fairly well shaped stoi- 

I • 0 I ,I,.~A . . . .  I... I 

0 .0  0 .2  0 .4  0 .6  0 .8  1 .0  
p e r c h l o r J e  ac id ,mL 

Fig. 2. Conductometric titration curve for amoxcillin trihy- 
drale titrated with perchloric acid in acetic acid solution. 
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with pcrchloric acid in acetic acid solution. 

chiomctric titration curve and showed one stoi- 
chiomctric cnd-poi . t  corresponding to one 
cqt, ivalcnt of acid (Fig. 4). The end-point is 
probably rchttcd to the protonation of nitrogen 
(N I!) in the pipcrazinc ring. 
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Fig. 4. Conductometric titration curve for ciprollaxacin 
hydrochloride titrated with perchloric acid in aceUc acid 
solution. 
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Fig. 5. Conductometric titration curve for nctilmicin sttl- 
phatc titratcd with barit,n acetate in acetic acid solution, 

The nctihuicin sulphate was titratcd using a 
standard barium acetate solution as titraut in 
acetic acid. The compound gave only one stoi- 
chionlctric end-point corresponding to the stun 
of the sulphatcs. Tht, s, I mole of netihnicinc 
sulphate was equiwdent to 5 moles of  barium 
acetate. The titration curve of  netilmicine sul- 
phate is shown in Fig. 5. 

The percentage of each antibiotic (chemically 
pure laboratory working standard) was calcu- 
lated from the conductimetric titration data. 
The accuracy and precision of the proposed 
method were tested by live successive determi- 
nations performed on ampicillin, amoxycillin 
trihydrate, ril, tmpin, netilmicin sulphate and 
ciproflaxacin hydrochloride. The results are 
given in Table 1. 

When the data in Table l are examined, the 
mean values obtained by the conductimetric 
method are in good agreement with the nomi- 
nal values given for each antibiotic, and the 
relative standard deviations (RSDs) arc less 
than + 1%. This indicates that the accuracy 
and precision of the proposed method are quite 
satisfactory. Further, the comparison of the 
results in this study with those obtained for the 
same antibiotics by a potentiometric method in 
our previous work [28] indicates that the pro- 
posed conductimetric method could be utilized 
as safely as the potentiometric method in the 
determination of ampicillin, amoxycillin trihy- 
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Table I 
Titrimetric determination on antibiotics v,'hich are chemicall~ pure laboratot?, working standards 

1457 

Antibiotics Proposed method ~ Nominal value 
('%) 

Mean ('!;,} RSD 

Ampicillin 98.7 0.91 99.5 
Amox,,cillin trihydrate 98.9 0.97 99.0 
Rifampin 99.6 0.72 99.9 
Netilmicin sulphate 98.7 025 98.9 
Ciproflaxacin hydrochloride 99.9 0.46 99.7 

• 'Mean and relati,,e standard de',iation for five determinations. 

Table 2 
Titrimetric detemdnat ion of antibodies in some pharmaceutical preparations 

Pharmaceuticals ,Antibiotics Recovery 1% + RSD) ~' 

Alfasilin Ampicillin 102.311 4-11.73 
Alfoxil Amoxycillin trihydrate 100.52 4- 0.811 
Rifadin RifanIpirl 101.73 4- 0.,~2 
Netromycin Netihnicin sulphate 11~1.35 + 0.97 
l'roxacin Ciproflaxacin hydrochloride 99.97 4- 0.28 

"Mean and relative standard dc,,iation for live determinations. Recovery relative to nominal content. 

drate, rihtmpin, netilmicin sulphate and 
ciproflaxacin hydrochloridc. 

3.2. Determinat ion o f  tit(" a t t i re  ('omi~on~'nts in 
l,harmac'etttials 

In order to evaluate the applicability of the 
conductimetric method to pharmaceutials, the 
dcterminations of ampicillin, amoxycillin trihy- 

dratc, rit,mlpin, nctilmicin sulphatc and 
ciproflaxacin hydrochloride were carried out in 
alhtsilin, alfoxil, rihtdin, nctromycin and prox- 
acin, respectively, under the same conditions as 
employed Ibr the pure antibiotics. The fact that 
the shapes of the conductimetric titration 
curves of pure antibiotics and their correspond- 
ing pharmaceuticals arc nearly the same proves 
that the excipicnts which might be present in 

Table 3 
Recto, cry studies of  standard addition,_, to some pharmaceutical prepar,ttions 

I~harmaccuticals Antibiotics Added (mg) Found (rag) Recovery 1";,)" 

All,tsilin Ampicillin 3.011 2.98 99.33 
4.110 3.94 98.511 
5.111) 5.01 100.20 

Alfoxil Amoxycillin trihydrate 3.1111 3.03 101.00 
4.00 4.00 100.00 
5.00 5.06 101.211 

Rifadin Ri fampm 6.00 6.112 1110.33 
8.011 7.93 99.13 

10.011 10.04 100.40 
Netromycin Netilmicin sulphate 2.00 2.011 100.00 

2.50 2.51 100.40 
3.00 3,04 101.33 

Prox.'tcin Ciprof laxacin hydrochlor ide 2.00 1.99 99.511 
2.50 2.47 98.88 
3.00 3.011 100.00 

"Ampicillin: mean + RSD = 99.34 4- 0.85. 
mean 4- RSD = 99.95 + 0.71. Netilmicin 
mean 4- RSD = 99.46 _+ 0.56. 

Amoxyci l l in  tr ihydratc: mean __. RSD = 100.73 4- 0.6-I. Ripampin: 
sulphate: mean __. RSD = 100.58 + 0.68. Ciprof laxacin hydrochloride: 
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the pharmaceu t ica l  p repa ra t ions  do not  effect 
the t i t ra t ion  curves. However ,  no work  has been 
done  to test the effects o f  deg rada t ion  products .  
Thus.  the method  canno t  be cons idered  to be 
s tabi l i ty- indica t ing  for these ant ibiot ics .  

Table  2 summar izes  the results ob ta ined  for  
each ant ib io t ic  in the co r respond ing  p h a r m a -  
ceuticals,  expressed as percentages o f  the nomi-  
nal contents .  The recoveries agree well enough 
with the nomina l  contents  and  the R S D  values 
are less than _+ 1%. Thus,  the precision o f  the 
method  is very sa t is factory  for the de te rmina -  
tion o f  ampici l l in,  amoxyci l l in  t r ihydra te ,  ri- 
fampin,  neti lmicin sulphate  and c iprof laxacin  
hydroch lo r ide  in co r re spond ing  pharmaceu t i ca l  
dosage forms. The  results clearly demons t r a t e  
the util i ty of  the p roposed  conduc t imet r i c  
t i t r imetry t\w analysis  o f  the each ant ib io t ic  in 
pharmaceut ica ls .  

The recovery studies of  s t anda rd  add i t ions  to 
commerc ia l  pharmaceut ica l s  were also carr ied 
out  to provide  further suppor t  for the val idi ty  
of  the method.  The  related da ta  arc given in 
"Fable 3. The  mean pcrccntagc recoveries and  
their relative s t anda rd  devia t ions  were found to 

t ( o be ,),).34-- 100.73 ¼, and 0.56 q) .85% rcspcctivcly.  
These results also conl i rm the precision and the 
wtlidity o f  the conduc t imct r i c  method.  

As a result o f  this s tudy,  the p roposed  
method  can be successfully appl ied  to the deter-  
ruination of  ampici l l in,  amoxyci l l in  t r ihydra tc ,  
r i fampin,  neti lmicin sulphate  and ciprol lax: tc in 
hydrochlor ide ,  and  the analysis  o f  some o f  their  
pharmaceut ica l  p repara t ions .  In conclt ts ion,  the 
simplici ty,  ;.tccuracy and precision o f  the pro-  
posed conduc t imct r ic  t i t r imctry  indicate  that  
this method  is quite sui table for rout ine qual i ty  
control  analysis  o f  pharmaceut ica l  p repara -  
tions. In addi t ion ,  it is highly cost  and t ime 
effective. 
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