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Penicillin-G isthe drug of choicefor infection caused by organisms
suspectible to it. In case of streptococcal infection (like pharyngitis,
scarlet fever), staphylococcusinfection, pneumococcusinfection, diphth-
eria, tetanus and gas gangrene, anthrax, actinomycosis and rat bite fever
penicillin-G iswidely used. Separation and purification of penicillin-G
from a mixture of other components is common and essential step in
pharmaceutical industry. Separation and purification of drug component
from amixture of components, separation of enantiomeric drugs mixture,
separation of chemical constituents from plant source and removal of
drug components from wastewater can be carried out through foam
separation method. The aim of thiswork isto study performance criteria
of separation of penicillin-G from an agueous solution by controlling
of different variables and using two type of surfactantsin foam separation
method. The result showed that penicillin-G can be easily separated
from dilute solution of drug mixture in a short time. The influence of
operativesvariablesincluding concentration of surface active agent, pH,
superficial gas velocity (SGV) and recovery of drug were investigated.
The optimum separation has been set asfollows: concentration of surface
active agent tetradecyl trimethyl ammonium bromide (2.25 mM) and
dodecylamine (2.25 mM), pH 7, superficial gas velocity 0.03 cm/s, %
of drug recovery wasfound as 84.20 and 86.78, respectively. Theunique
advantage of the present work relative to other reported method is the
higher separation efficiency at lowest cost.

Key Words: Foam separation, Penicillin-G, Surface active agent,
Tetradecyl trimethyl ammonium bromide, Dodecylamine.

INTRODUCTION

Adsorptive bubble separation methods (ABSM) is among the less familiar
separa-tion methods. The principle of ABSM is based on differences in surface
properties of the materialsto be separated. Foam separation is a separation method
belonging to the ABSM™. In foam fractionation, dissolved material is selectively
adsorbed on the surface of rising bubbles and then is partialy segregated by the
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foam. This fundamental approach stimulated by a great recognition of the potenti-
alities has become an attractive replacement to more costly separation techniques™.
Foam separation shows particular promise for being environmental friendly, energy
saving and economical in terms of fixed and running costs means, for removing
substances present at low concentrations, from large volumes of liquids’.

Foam separation isessentially governed by masstransfer phenomenathat occurs
under flowing conditions and is characterized by diffusion in the bulk of the liquid
and adsorption at the gas-liquid interface of the bubbles. Therefore, a successful
separation must take into account for several parameters and conditions. The sepa-
ration of materials from one another by foam separation lays on their physico-
chemical properties, equipments and mode of operation used, aswell as conditions
inwhich the process occurs®. Physico-chemical properties of the materials determine
the materials capacity to be separated by foam fractionation. The right choice of
columns and auxiliary devices used, together with operational conditions, are of
importance to achieve an optimized enrichment. Drugs containing the surface activity
under investigation and on the foam fractionation. The equilibrium adsorption of a
dissolved material at the gas-liquid interface is given by Gibbs equation:

dy=-RT:lidIna )

where y = surface tension; R = gas constant; T = absolute temperature; i = surface
concentration of the component i; ai = activity of the component i.
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where " = surface concentration of surfactant; Csz = concentration of surfactant in
the bulk. In case of dilute solution ai [1Cs.

Penicillin G (CisH17KN2O,S) isan anionic 3-lactam antibiotic, interfere with the
synthesisof bacteria cell wall. It ishighly solublein water and its pH varies between
5.5 and 7.5 determined 10.0 % (w/v) solution. Penicillin G is easily separated by
foam separation method with the help of collectorsliketetradecyl trimethyl ammon-
ium bromide (TTAB) and dodecylamine (DA). Itsactivity islimited to gram positive
bacteria. Sreptococci aureusis highly sensitive, but it has now acquired resistance
to such an extent that it must be counted out of penicillin G spetrum. Mgority of gram
negative bacteria and viruses are totally insensitive to penicillin G, except E. coli.
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EXPERIMENTAL

Penicillin-G wasagift samplefrom Standard Pharmaceutical Pvt. Ltd. Howrah.
Tetradecy! trimethylammonium bromide (TTAB), dodecylamine (DA) and nile blue
indicator was purchased from E. Merck (India) Limited. Foam separation glass
column was fabricated by local glass blower. Stalagmometer was purchased from local
manufacturer and Shimazdu-1700 UV/Visible spectrophotometer was purchased
from Hitachi Ltd., Tokyo, Japan. Digital pH meter (model MK-V1)- Systronicswas
purchased from E. Merck (India) Limited. Mercuric nitrate and nitric acid were
used to estimate penicillin G, were purchased from E. Merck (India) Limited.

Glass columnwith aninterna diameter of 4.2 wasused in thisstudy. A 100 mL
feed solution of desired concentration was prepared by dissolving drug and surfactant.
Ratio of drug mole was varied in case of mixture of drugsthat is added with surfactant
solution. The pH was adjusted by using either 0.1 M NaOH or 0.1 M HCI. Thefeed
solution was contacted with the gas bubble rising from the frit fitted at the bottom
of the column. Nitrogen gas was passed through the bottom of the columnvia agas
flow meter and a humidifier. The surfactants, tetradecyl trimethylammonium bromide
(TTAB) and dodecylamine (DA) form stable foam and drug was adsorbed at the
foam-bubble interface. As the foam ascends the column, the liquid present in the
inter bubbler space decreasesdueto drainage of liquid downward, while drug concen-
trate in the interface of gas bubble and liquid. The foam was allowed to overflow
the top of the column into a container and collapse. Then its drug concentration
was measured by titremetric assay method or UV absorbance using a spectrophoto-
meter. The concentration of initial feed solution and the residual solution were aso
determined by the same method. All the experiments were performed at room temper-
ature, which varied throughout the period of this study. No such variation of experi-
mental data with temperature had been found.

Titremetric assay of penicillin G (standard solution): First weigh accurately
about 0.25 g of the drugs and add 25 mL of water and 25 mL of acetate buffer pH
4.6 and shake until solution is completed. It is titrated immediately at room tem-
perature with 0.02 M mercuric acetate. Each mL of 0.02 M mercuric acetate is
equivalent to 0.007450 g of products.

Experimental procedure for separation of surfactant and determination
of critical micellar concentration: First step involves the measurement of the critical
micellar concentration (CMC) of the surfactants with the hel p surface tension methods.
Then take the known concentration of those surfactant, tradecyl trimethylammonium
bromide (TTAB) and dodecylamine (DA) form stable foam through the help of
saturated nitrogen gas. Surfactants were adsorbed on the foam-bubbleinterface. As
the foam ascends the column, the liquid present in theinter bubbler space decreases
dueto drainage of liquid downward, while surfactant concentrate in the interface of
gas bubble and liquid. Then (initial, foamate and residual solution) concentration
was determined by titremetric assay method or UV absorbance using spectrophoto-
metic methods.
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Titremetric assay of tetradecyl trimethyl ammonium bromide (TTAB):
100 mL solution was prepared by dissolving 92.51 mg of the TTAB and it was
transferred about 25 mL to a separator, add 25 mL of chloroform, 10 mL of 0.1 M
sodium hydroxide and 10 mL of freshly prepared 5 % (w/v) potassium iodide.
Shake well and discard the chloroform layer. Shake with three quantities chloroform
with 10 mL and add 40 mL of dil. HCI. Titrate with 0.05 M potassium iodate until
the deep brown colour isamost discarded. Each mL of 0.05 M potassium iodateis
equivalent to 0.03364 g of cetrimide (Ci7HzsBrN).

Titremetric assay of dodecylamine: 100 mL solution was prepared by dissol-
ving 100 mg of dodecylamine and titratewith 0.1 M perchloric acid using nile blue A
asindicator. EachmL of 0.1 M perchloric acid isequivaent to 0.018536 g of dodecyl-
amine.

Sample solution: It istransferred about 30.8 g of sample, previously dried at
105°C for 2 h and accurately weighed into a 500 mL volumetric flask, dissolvesin
chloroform. Solvent was added to make up the volume and it was thoroughly mixed.

Tetra-n-butylammonium iodide solution: Itistransferred 1.250 g of tetra-n-
butylammonium iodide to a 500 mL volumetric flask, dilute to volume with water
and mixed.

Salt solution: 100 g of anhydrous sodium sulfate dissolved and 10 g sodium
carbonate in sufficient water to make 1000 mL.

RESULTSAND DISCUSSION

The present work deals with the separation and removal of some medicinal
agents such aspenicillin G with the help of surface active agents such astetramethyl
trimethyl ammonium bromide (TTAB, m.w. 336.4, CMC 3 Mm) and dodecylamine
(DA, m.w. 185.36, CMC 10 Mm), by foam separation method. Surface active agents
(SA) form micelles at the higher concentration and then surface activity decreases.
So, amount of adsorption (%) of surface active agents in the interface decreases
that causes lower values of enrichment (Er) and % of recovery (R) of any colligent.
Since these drugs are surface active but foam is not stable, so it can removed/
recovered from dilute solution with the help of collector subs-tancesi.e., surface
active agents.

Enrichment ratio (Er): It isthe ratio of drug concentration in the foamate
(Cr) and the drug concentration in the initial feed solution (C)).

Separation ratio (Sr): Itistheratio of drug concentration in the foamate (Cr)
and the drug concentration in the residual solution (C,).

Percentage of recovery (% R): It isthe percentage of the ratio of amount of
the mass of drug in the foamate and the mass of drug in the initial feed solution.

Effect of concentration of surface-active agents on the enrichment and
recovery: It wasobserved from Tables 1 and 2, and Figs. 1 and 2 (drug/SA; PG/
TTAB, PG/DA)) that both Er, R valuesincreased with the increase of concentration
of SA in feed but decrease when concentration of SA wasincreasedto 2.5 mM at a
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Fig. 1.  Effect of concentration of SA (TTAB) Fig. 2. Effect of concentration of SA (DA)
on Er values of DG (penicillin G) on Er values of DG (penicillin G)
at 36 °C at 36 °C

particular experimental condition (fixed values of pH, SG V and Ci). At this opti-
mum concentration of DA (2.25 Mm), the values Er, S, R of drug (penicillin G) were
respectively 42.1, 231.26 and 84.20 at pH 7, Ci of drug 1 mM, at lowest SGV value.
Similarly at optimum concentration of TTAB (2.25 Mm), values of Er, Sr, R of PG
were obtained as 43.38, 238.9, 86.78, respectively. These are slightly higher than
DA.. Highest enrichment was found incase of drug penicillin G with collector DA at
pH 7, SGV-0.03 cm/sand Ci 1 mM.

Effect of pH on % recovery of drugs: It was observed from Tables 1 and 2,
and Figs. 1 and 2 that maximum values of Er and R-values were obtained at pH 7.
The maximum enrichment and % R at lowest feed concentration (Ci of drug), lowest
SGV values, a optimum pH value (7).

Effect of SGV on the % remaoval and enrichment of drug: Gas flow rate
was kept constant at a particular experimental condition by a air flow meter. The
were fixed at 0.03, 0.04 cm/s. High value of SGV causes low residence time of
bubble in the column, so lesser amount of colligend/collector can be adsorbed in
the interface and drug foam can not be collected. Asaresult, thisisless enrichment
of drug or colligend in the foamate.

Effect of concentration of drug on the enrichment, % R: With the increase
of concentration of drug infeed both Er, % R decrease, for example, in Tables1 and
2 drug concentration was varied from 1-2 mM, Er and R values were 15.37, 40.00;
42.09, 84.20 and 16.37, 42.56; 43.38, 86.78, respectively at the pH 7, SGV 0.03
cm/s. Therefore, it was concluded that separation, enrichment and recovery of drug
from dilute feed can be done successfully at low cost by compling other operating
conditions such as optimum pH of feed, optimum concentration of SA (less than
CMC), lowest possible velocity of gas that maintains uniform flow of foam.

Conclusion

Thiswork presented experimental results of penicillin G separation from itsdilute
solution by foam separation technique using TTAB and DA as collector surfactant.
The effect of concentration of surface active agent, pH of solution, superficial gas
velocity (SGV) and concentration of drug are significant parameters on separation
procedure. Results obtained from the experiment indicate that separation, enrichment
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and recovery of drug (penicillin G) from dilute solution can be done satisfactory
with simple apparatus without any electricity cost.
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