
Batch and flow-injection spectrophotometric determination of vanco-
mycin hydrochloride in pharmaceutical preparations using diazo-

tized procaine penicillin

Full Paper

INTRODUCTION

Vancomycin is a glycopeptidic antibiotic very
efficient against a number of gram positive micro-
organisms[1]. Vancomycin was introduced in 1958
as an antibiotic active against Gram-positive cocci,
particularly streptococci, staphylococci and pneu-
mococci. It is not active against Gram-negative bac-
teria, Vancomycin hydrochloride is recommended for
use when infections fail to respond to treatment with
the more common antibiotics[3]. Its molecule shows
a complex tricycle structure containing amino acids
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and sugars, Figure-1. Its mode of action is inhibi-
tion of cell wall synthesis of susceptible bacteria.
The main target of this antibiotic is the (L-Lys)-D-
alanyl-Dalanine terminal peptide of the cell wall pre-
cursor. In addition vancomycin alters the bacterial
cell membrane permeability and RNA synthesis.
vancomycin is used clinically as a result of high ac-
tivity against gram positive pathogens such as many
coagulase negative Staphylococcus(CNS), Coryne-
bacterium, Clostridium difficile, multi-resistant Sta-
phylococcus aureus and gentamicin resistant Entero-
coccus which are refractory to established drugs[4].
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ABSTRACT

New, simple and sensitive batch and Flow-injection spectrophotometric
methods for the determination of Vancomycin Hydrochloride in pure form
and in pharmaceutical preparations were proposed. These methods were
based on diazotization and coupling reaction between Vancomycin Hy-
drochloride and diazotized Procaine penicillin in alkaline medium to form
an intense yellow water-soluble dye that is stable and has a maximum ab-
sorption at 446nm. A graphs of absorbance versus concentration show
that Beer�s law is obeyed over the concentration range of 0.8-40 and 5-

700 ìg.mL-1 of Vancomycin Hydrochloride with detection limits of 0.066
and 0.707 ìg.mL-1 of Vancomycin Hydrochloride for batch and FIA meth-
ods, respectively. The FIA procedure sample throughput was 124h-1. All
different chemical and physical experimental parameters affecting on the
development and stability of the colored product were carefully studied
and the proposed methods were successfully applied to the determination
of Vancomycin Hydrochloride in pharmaceutical preparations.
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Vancomycin was introduced in 1958 as antibi-
otic active against Gram-positive cocci, particularly
streptococci, staphylococci and pneumococci. It is
not active against Gram-negative bacteria, Vanco-
mycin hydrochloride is recommended for use when
infections fail to respond to treatment with the more
common antibiotics[5]. VHC is officially recognized
in B.P[2] A survey of literature revealed that few
methods based on visible spectrophotometry for
VHC[6-8] have been reported. Other methods include
HPLC[9-11], HPLC-tandem mass spectrometry[12], flow
injection analysis[13], Polarography[14], Radioimmu-

noassay[15], Fluorescence polarization immunoas-
say[16]. however only few spectrophotometric meth-
ods are reported for the analysis of vancomycin[17-

19]. This paper describes spectrophotometric meth-
ods for determination of VHC by the diazotization-
coupling reactions with diazotized O-nitro aniline
in alkaline medium. O-nitro aniline was found to be
a useful new coupling reagents for diazotization re-
action, because they produced a stable and rapid
coupling organic products furthermore, these reagent
is easily obtainable, highly purified and are soluble
in ethanol therefore the proposed methods are con-

Figure 1 : Vancomycin hydrochloride (VHC)

TABLE 1 : Optimum conditions established in batch method

Optimum Conditions in procedure Range selected Parameter 

446 350 � 700 ëmax (nm) 

0.2 mL 0.1 - 5 mL 
Effect of volume of (3mM) 
Procaine penicillin solution 
required 

2 mL 0.5 - 5 mL 
Effect of volume of (1M) HCl 
solution required 

4 mL 0.25 - 5 mL 
Effect of volume of (0.1M) 
Na2CO3 solution required 

Alkaline 
Alkaline, acidic, and 

neutral Type of reaction medium 

Na2CO3 
NaOH, NH4OH, 

Na2CO3, CH3COONa 
Type of alkaline medium 

VHC +PP + Na2CO3 PP, VHC, Na2CO3 Effect of Addition Order 

25?C 0 - 45?C Effect of temperature 
The colored product is formed immediately and 

becomes stable after 10min and remains for more than 
150 min. 

1 - 150 min Stability period after final dilution 
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sidered as a green methods. In addition these meth-
ods have been satisfactorily applied for the deter-
mination of vancomycin hydrochloride in pure and
pharmaceutical preparations.

MATERIALS AND METHODS

Apparatus

All spectral and absorbance measurements were
carried out by using a shimadzu UV � visible � 260

digital double beam recording spectrophotometer
(Tokyo � Japan), and using 1 cm quarts cells. A quartz

flow cell with 50 µL internal volume and 1 cm bath

length used for the absorbance measurements. A two
channel manifold (Figure 3) was employed for the

FIA spectrophotometer determinations of VHC. A
peristaltic pump (IsmatecLobortechnik�Analytic, CH

� 8512, Glatbragg�Zurich, Switzerland,

Sixchannels) was used to transport the reagents so-
lutions. Injection valve (Rheodyne, Altex 210, supeko
use) was employed to provide appropriate injec-
tion volumes of standard solutions and samples, flex-
ible vinyl tubing of 0.5 mm internal diameter was
used for the peristaltic pump. Reaction coil (RC)
was of Teflon with internal diameter of 0.5 mm. The
diazotized Procaine pencilline (A) stream was com-
bined (Figure 3) with injected sample (vancomycin
hydrochloride) and they merged with sodium car-
bonate (B) stream at T � link then mixed in reaction

coil (RC) with length (75 cm), injection loop (200

Figure 2 : Absorption spectra of (40 ìg.mL-1) VHC treated as described under procedure and measured against
reagent blank(Diazotized Procaine penicillin and sodium carbonate anhydrous) and the reagent blank measured
against distilled water

Figure 3 : Continuous variation plot of the reaction between VHC and diazotized Procaine penicillin (3x10-3M)
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µL), total flow rate 4 mLmin-1, the absorbance was
measured at 446 nm at temperature 25 Co.

Standard vancomycin hydrochloride VHC solution

Stock solution (500 ìg.mL-1) was prepared daily
by dissolving 0.05 g of the pure VHC in 100 mL of
distilled water and serial dilutions with distilled
water were made.

Sodium nitrite solution (3×10-3 M) was prepared
by dissolving 0.0207 g of sodium nitrite (Merck) in
distilled water and diluting to the mark in 100 mL
volumetric flask.

Hydrochloric acid solution (1M) was prepared
by diluting 86 mL of 11.64 M of concentrated hy-
drochloric acid (BDH) with distilled water in 1000
mL volumetric flask.

Diazotized Procaine penicillin solution (3×10-3M)

Prepared daily by dissolving 0.1766gm of
Procaine penicillin in 5 ml ethanol, 20 ml distilled
water and 2 ml of 1M hydrochloric acid in a 100ml
volumetric flask. Cool the mixture to 0-5°C for 5

min using an ice-bath, add 0.0207gm amount of so-
dium nitrite and stir the mixture. After 5min the vol-
ume is made up to the mark with addition of cooled
distilled water. More dilute solutions were prepared
by suitable dilutionwith distilled water.

Sodium Carbonate anhydrous (BDH) solution

Stock solution of 0.1 M was prepared by dis-
solving 2.65 g of Na

2
CO

3
 in 250 mL distilled water,

and working solutions were prepared by appropri-
ate dilution of the stock solution.

Sample vancomycin hydrochloride VHC solution

The contents of five vials were mixed (two com-
mercial sources vancolon VHC injection Julphar
company UAE 500mg and vancorin VHC injection
CheilJedang corporation company Republic of Ko-
rea 1g). An aliquot corresponding to 0.05 g of VHC
was diluted to 100 mL with distilled water in a volu-
metric flask to obtain 500 ìg.mL-1 of VHC. More
dilute solutions of pharmaceutical preparations for
batch and FIA procedures were made by simple di-
lution with distilled water.

General procedure for calibration

a. General batch procedure

In method a 0.2mL of (3× 10-3 M) Diazotized
Procaine penicillin solution was transferred into a
series of 25mL calibrated flask. Then, An aliquot of
a standard solution (500 ìg mL-1) (3.36×10-4M) con-
taining 0.8-40 ìg mL-1 of VHC was transferred into
this series of 25 mL calibrated flasks and 4mL of
0.1 M sodium carbonate anhydrous solutions was
added and the contents were diluted to the mark with
distilled water and mixed well. After 10 min, the
absorbance of the colored was measured at 446nm
against the corresponding reagent blank TABLE-1
summarized the studied optimum conditions.

b. General FIA procedure

A Vancomycin Hydrochloride solution in the
range of 5-700ìg.mL-1 was prepared from the stan-
dard working solution of 500 ìg.ml-1. A 200 ìl por-
tion of Vancomycin Hydrochloride VHC was injected
into the stream of diazotized Procaine penicillin (3
x 10-3M) then the mixture combined with (0.1 M)
Na

2
CO

3
 at T-link with a total flow rate of 4ml min-1

for the two channels, the resulting absorbance of the
Yellow product was measured at 446 nm and a cali-
bration graph was constructed. Optimization of con-
ditions was carried out on 50 ìg.ml-1 of VHC.

RESULTS AND DISCUSSION

Batch spectrophotometric determination

The factors affecting on the sensitivity and sta-
bility of the colored diazotization coupling reaction
between diazotized Procaine penicillin and VHC in
an alkaline medium were carefully studied. A typi-
cal spectrum for the azo dye formed was measured
versus reagent blank which has negligible absorbance
at ëmax 446 nm (Figure 2). The experimental con-
ditions for the determination of VHC were estab-
lished. The diazotization coupling reaction occurred
in an acidic medium and a hydrochloric acid of con-
centration 1M was selected, the effect of different
volumes of 1 M of HCl were studied and 2 ml vol-
ume seems to be optimum for an intense azo dye
color. Effect of the volumes of reagent (Procaine
penicillin 3×10-3M) were studied in the range of 0.1-
5 ml and 0.2 ml was found to be optimum. The ab-
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sorbance of the dye formed increased and became
more stable in alkaline medium, therefore, the effect
of different alkaline solutions(0.1M) on the colored
product was studied such as sodium hydroxide, am-
monium hydroxide, potassium hydroxide, sodium
acetate and sodium carbonate. Maximum sensitivity
and stability were obtained only when the reaction
was carried out in the presence of sodium carbonate
solution. The effect of different volumes (0.25-5 ml)
of Na

2
CO

3
 (0.1 M) was studied. A volume of 4mL

was found enough to obtain a maximum absorbance.
Experimental results revealed that the color inten-
sity reach maximum after diazotized Procaine peni-
cillin solution had been reacted with VHC in alka-
line medium for 10 min, therefore, a 10 min devel-
opment time was suggested as the optimum reaction
time and remain stable for 200 min. The order of
addition of the reagents is an essential part of the

experiment, it was found that the order of addition
of the reagent cited under general procedure gave
maximum color intensity and the minimum absor-
bance of the blank and was used in all subsequent
experiments.

The stoicheiometry of the reaction between VHC
and diazotized Procaine penicillin was investigated
using continuous variation method. The results ob-
tained (Figure 2) shows that a (1:1) azo dye was
formed between VHC and diazotized Procaine peni-
cillin according to scheme-1.

FIA-spectrophotometric determination

The batch method for the determination of VHC
was adopted as a basis to develop a FIA procedure.
The manifold used for the determination of VHC was
designed to provide different reaction conditions for
magnifying the absorbance signal generated by the
reaction of the diazotized Procaine penicillin with

Scheme 1 : The proposed reaction between VHC and PP
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Figure 3 : A schematic diagram of FIA manifold Where: (A) and (B), solutions of Diazotized Procaine penicillin and
sodium carbonate respectively; PP =peristaltic pump; S= injection sample VHC; IV= injection valve; T= T-link;
RC= reaction coil; FC= flow cell; D= detector; W= waste

Figure 4 : Effect of the concentration of procaine penicillin reagent

Figure 5: Effect of the concentration of Na
2
CO

3
 in (M)

VHC in sodium carbonate medium. Maximum ab-
sorbance intensity was obtained when the sample
(VHC 50 ìg.ml-1) was injected into a stream of dia-
zotized Procaine penicillin and then mixed with so-
dium carbonate as given in (Figure 3). The influ-
ence of different chemical and physical FIA param-
eters on the absorbance of the colored product was
optimized as follows:

Optimization of chemical parameters

The effect of various concentrations of Procaine
penicillin was investigated. A concentration of (5x
10-5 M) Procaine penicillin, gave the highest absor-
bance and was chosen for further experiments as
shown in (Figure 5).

It was observed that the reaction between dia-
zotized Procaine penicillin and VHC depends on
alkaline medium, therefore the effect of different
concentrations of sodium carbonate was studied and
0.4M was found to be the optimum as shown in (Fig-
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Figure 6 : Effect of total flow rate

Figure 7 : Effect of injection sample volume (ìl)

Figure 8 : Effect of reaction coil (cm)

ure 6).

Optimization of manifold parameters

The effect of total flow rate on the sensitivity of
the colored reaction product was investigated in the
range of 0.5-5ml min-1. The results obtained showed
that a total flow rate of 4 ml min-1, gave the highest
absorbance as shown in (Figure 7), and was used in
all subsequent experiments.

The volume of the injection sample was varied

between 100 and 250 ìl using different lengths of
sample loop. The results (Figure 8) obtained showed
that injected sample of 200 ìl gave the best absor-
bance.

The coil length is an essential parameter that af-
fects on the sensitivity of the colored reaction prod-
uct and was investigated in the range of 25-250 cm.
the results obtained showed that a coil length of 75
cm gave the highest absorbance as shown in (Figure
9) and was used in all subsequent experiments.
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Parameter Batch procedure nFIA procedure 

Regression equation y = 0.03x - 0.035 y = 0.002x + 0.204 

Molar absorption coefficient (L.mol-1.cm-1) 4.4565 x 104 2.971 x 103 

Linearity range (ìg.mL
-1) 0.8 � 40 5 � 700 

Correlation coefficient 0.998 0.999 

Linearity percentage r2% 99. 6 99.8 
Sandell�s sensitivity 

(ìg cm
-2) 

0.0333 0.5 

Reproducibility (%)* (RSD %) 1.23 1.21 

Recovery%* 100.62 100.28 
Limit of detection** 

(ìg.mL
-1) 

0.333 0.707 

Through-put (1/h) 8 124 

TABLE 2 : Analytical values of the calibration graphs for the determination of VHC

*The Average of reproducibility, recovery and error of each method was tested by analyzing five replicate samples containing 8,
16, 28 ìg.mL-1 of pure VHC for batch method and 40,80,150 ìg.mL-1 of pure VHC for FIA method.

Conc. ìg.mL
-1 

Pharmaceutical preparation 
Proposed 
methods Present Found 

E% Rec.% RSD% 

8 7.86 -1.75 98.25 2.48 

16 15.96 -0.25 99.75 0.90 Batch 

28 28.20 0.71 100.71 1.10 

40 40.40 1 101 2.92 

80 82.4 3 103 0.41 

Vancolon Vancomycin 
Hydrochloride Injection 

Julphar UAE 
500 mg nFIA 

150 152.9 1.93 101.93 0.22 

8 7.80 -2.50 97.50 1.53 

16 16.10 0.62 100.62 0.44 Batch 

28 28.76 2.71 102.71 1.93 

40 39.70 -0.75 99.25 2.50 

80 78.20 -2.37 97.62 1.69 

Vancorin Vancomycin Hydrochloride Injection 
CheilJedang corporation Republic of Korea 1g 

nFIA 

150 151.10 0.73 100.73 1.28 

TABLE 3 : Application of the proposed methods to the determination of VHC in dosage forms

The reaction time is also an important param-
eter that affected on the sample throughput and was
investigated by calculating the interval time between
the sample injection and the appearance of the end
of the signal. The reaction time of each sample was
29 sec, therefore the sample through put was 124
samples per hour.

Calibration graphs

After fixing the optimum conditions of both batch
and FI methods for the determination of VHC, cali-
bration graphs were constructed. The analytical val-
ues of statistical treatments[19,20] for the calibration
graphs are summarized in TABLE-2. The accuracy
of the methods was evaluated by analyzing pure

samples of VHC and a good recovery was obtained
TABLE-2.

RSD Relative standard deviation.

**Limit of detection=3SDB/b, SDB is the stan-
dard deviation of the absorbance (n=10) of the blank
determinations (SDB=3.33×10-3 and 4.714 × 10-4 for
batch and FIA methods respectively), b is the slope
of the corresponding calibration curve).

Analytical application

The proposed methods were applied success-
fully to the analysis of some pharmaceutical prepa-
rations containing VHC (Injection), and they gave a
good Reproducibility and Recovery as shown in
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TABLE-3. The results obtained by the proposed and
reference methods[2, 18] for dosage forms were com-
pared statistically by means of the F-test and t-test[17]

and the proposed methods and the reference meth-
ods were found no significant differences in preci-
sion and accuracy between the proposed methods
and the reference methods TABLE-4.

CONCLUSION

The application of diazotization�coupling reac-

tion of diazotized Procaine penicillin in sodium car-
bonate medium to the spectrophotometric determi-
nations of the vancomycin hydrochloride in phar-
maceutical preparation�s was described by batch and

nFIA systems, Although the batch system has the
advantage�s of higher sensitivity and lower limit of

detection over the nFIA system, the nFIA system has
several advantage�s over the batch system simplic-

ity, reproducibility time saving, low reagent con-
sumption need of small sample volume, large dy-
namic range and high sample throughput (124 sample
h-1 for VHC) is important feature of the nFIA sys-
tem.

The proposed methods offer a good linearity and
precision and can be applied to the analysis of a
wide concentration range of VHC in real samples
with satisfactory results.

The proposed methods are simple and inexpen-
sive since it requires simple instrumentation.
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