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Abstract

Purpose: To develop a method for the measurement of carbon dioxide (CO,) released from
effervescent formulations.

Methods: Effervescent granules were prepared using sodium bicarbonate and citric acid by fusion and
solvent-assisted granulation methods. The amount of CO; released was determined from the maximum
pressure of gas release, time profile of pressure gradient using modified Chittick apparatus and
gravimetric changes following effervescence.

Results: The amount of CO; released from effervescent granules prepared by fusion method was
8.125, 8.763 and 7.98 mM/g measured by ideal gas equation, pressure gradient and gravimetric
method, respectively. The formulation prepared by solvent-assisted granulation showed 5.525, 5.475
5.36 mM/g of carbon dioxide measured by the above three methods, respectively. The effervescent
granules prepared by fusion method showed approximately 2 % loss in effervescence. However,
approximately 39 % loss in effervescence was observed for the formulation prepared by solvent-
assisted granulation. The commercial products showed a loss in effervescence in the range of 5 - 15%.

Conclusion: Modified Chittick's apparatus is a useful analytical tool for monitoring of the CO, from
effervescent granules as a function of method of preparation.

Keywords: Modified Chittick device, Effervescence, Fusion, Carbon dioxide (CO,), Gravimetric method,
Effervescent granules
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INTRODUCTION

Effervescence is defined as the evolution of gas
bubbles from a liquid mixture as a result of a
chemical reaction [1]. This phenomenon is widely

investigated by scientists working in different
domains of science including dietary
supplements [2,3], cosmetics [4] horticulture [5],
agriculture [6], archeology, and pharmaceuticals
(effervescent granules) etc. British
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Pharmacopoeia (BP) defines effervescent tablets
as “Uncoated tablets generally containing acid
substances and carbonates or hydrogen
carbonates, which react rapidly in the presence
of water to release carbon dioxide” [7].
Effervescent formulations are meant to mask
undesirable taste of medicinal agent(s) [8].
Moreover, in combination with certain polymers
provide buoyance to the drug delivery system
resulting in gas generating floating tablets
frequently designed to achieve localized drug
release in the stomach or sustained release of
drug to the intestine [9].

Different methods are wused to measure
effervescence including gravimetric, volumetric
and gasometric [10,11,12].

Although the gasometric method is reported as
the most efficient among the studied methods, its
adaptation in pharmaceutical industry is limited;
one of the reasons is that the conventional
apparatus is primitive in nature and it cannot be
used to determine the time profile of
effervescence in a pharmaceutical formulation
[10]. The measurement of effervescence time
profile is desirable as it determines the time
period over which a formulation effervesces at
acceptable intensity. Since the formulation
development and process optimization requires
an understanding of factors affecting the
efficiency of a product. The performance of
effervescent preparations is often influenced by
process control, material control and evaluation
of storage condition.

Processing conditions such as degree of mixing
as well as the release/contact with the binder
solvent need to be studied at different stages of
the preparation in order to explore in-process
reactivity of the ingredients. The situation might
be more challenging at bulk manufacturing where
the suboptimal mixing of the ingredients would
affect the effervescence of resultant mixture [1].
The aim of the study was to develop a reliable
method to record time profile of effervescence
using modified Chittick apparatus. The
effervescence profiles were validated using three
approaches namely; ideal gas equation,
effervescence time profile and gravimetric
method. Two formulations prepared using
solvent assisted granulation and fusion based
granulation as well as two commercially available
effervescent granules (Brand | and II) were
characterized for degree of effervescence using
presently developed method (Modified Chittick
apparatus). The results from these formulations
were compared with the established methods for
the measurement of effervescence.

EXPERIMENTAL

Calcium carbonate, sodium bicarbonate, citric
acid and hydrochloric acid, used in this study
were purchased from Sigma Aldrich, Germany.
Ethanol was purchased from Merck Germany.
Distilled water was obtained from in house
facility.

Equipment

The principle of gasometric system used in this
study was adapted from the Chittick apparatus
as reported by Huang et al [5,11]. The equipment
(Figure 1) comprises of a decomposition flask
250 mL connected to an acid dispensing burette
and a gasometric tube coupled with pressure
monitoring U-shaped system via a connecting
tube and stop cork.
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Figure 1. Gasometric system for CO, measurement
adapted from Chittick apparatus. The decomposition
flask (A), connected to a graduated gas-measuring
burette (D) via gas tube (B) and stopcock (C), water
level burette E. A connects to acid-dispensing burette
(F), magnetic stirrer (G), video recording Camera (H)
records the water level in the burette (E)

Principle of operation

Acid/water was dispensed from acid dispensing
burette (F) to the decomposition flask (A) at
volumes (5 - 17 mL) sufficient to react with
substrate (i.e. prepared effervescent granules or
commercial formulations). The gas evolved as a
result of acid-base reaction pushes the water in
pressure monitoring column (D). The volume of
CO, was recorded from changes in water level in
the water-level- burette (D) using static video
camera (H) (8MPix, F2.0, LED, autofocus,
Samsung, Japan).
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The stoichiometry of effervescent reaction is
expressed as in Egs 1 and 2 [4].

CaCO; + 2HCI ——>  CaCl, + H,0 + CO,

CsHgO; + 3NaHCO;3 (aq.)
3CO, @t NazCeHs0, (aQ.) werrr e (2)

The number of moles of CO, can be calculated
from the displaced CO, volume using the ideal
gas equation (Eq 3) [5].

NCOZ = Pc02 Vc02 IRT o, (3)

where N is the no. of mole of CO, liberated from
the reaction, Pco, represents partial pressure of
CO; (Pa), Vcoz (L) is the volume measured from
device which can be obtained from subtracting
the volume of HCI used from the total volume of
displaced liquid as it is closed system (Eq 4).

Vcoz = volume of total displaced water (Vi) —
volume of HCI consumed (V) ....... 4)

where R is the universal gas constant with value
of 0.008314 L. Pa.K" mol™ and T is temperature
(K). Furthermore, the time profile of changes in
water levels in the column was used as a
function of amount of gas generated in the
reaction mixture.

Calibration of method

The output from modified Chittick apparatus was
calibrated using the following methods.

Method I: Ideal gas equation method

Accurately weighed 0.05 - 10 mM (0.05 — 1 Qg)
calcium carbonate was reacted with sufficient
volume of 6 M HCI and volume of CO, released
was determined by subtracting the volume
contributed by acid from total volume
displacement recorded at gas measuring burette.
The temperature and barometric pressure of air
surrounding the instrument was also recorded.

Method II: Effervescence - time profile

As an alternate approach, the pressure exerted
by CO, gas on the column of measuring burette
(Pa), was plotted as a function of time (Sec), at
which successive pressure was noted (Figure 3).
The gas pressure inside the column was
calculated by using the following expression:

Where P is Pressure inside column of measuring
burette (Pa), h denotes the height of displaced
water in column (in meter), d is density of water
at 25 °C (kg/m® and g is acceleration due to
gravity (m/s).

Method Ill; Gravimetric method

In a 250 mL beaker, ~4 0z. (118.3 mL) HCI was
placed on analytical balance and tarred.
Accurately weighed calcium carbonate samples
(1, 2, 3, and 5 g, respectively) were added to
acid and weight changes following effervescence
were recorded.

Preparation of granules

Effervescent granules containing citric acid and
sodium bicarbonate at weight ratio 1:3 [13] were
prepared by two methods; Solvent method and
Fusion method [13]. The fusion method involved
heating the homogenous mixture of reactants i.e.
salt and acids in a porcelain dish over the water
bath at 90 °C resulting in the release of water of
crystallization from citric acid which act as binder
to transform the powdered mixture into a dough.
Granules formed by passing the wet mass
through a screen of mesh number 16 (pore size
1.19 mm) were dried at 50 °C for 4 h and
preserved in an airtight container at room
temperature (25 °C) for further analysis. For
solvent  assisted granulation, powdered
components (citric acid and sodium bicarbonate,
equi-mass 10.0g) were mixed with 5 mL of
methanol (75 %v/v) to form dough which was
subsequently passed through a screen of mesh
number 16 to produce granules. These granules
were then dried at 50 °C for 4 h in hot air oven to
ensure the complete evaporation of methanol
and resultant sample was preserved in an airtight
container at room temperature (25 °C) until
further used.

The commercial brands were evaluated for the
amount of CO, release and deviation from the
ideal yield. Different brands of effervescent
preparations containing calcium carbonate as
effervescent salt were selected for estimation of
CO, release behavior. Mass of each sachet
coded as Brands | and II, respectively, was
introduced to the reaction vessel and the amount
of calcium carbonate was determined.

Characterization of granules

Prepared granules were characterized for bulk
properties such as bulk density, compressibility
index, flow properties, particle size distribution
and loss on drying in order to determine mass
flow from the container [14-17].
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Degree of effervescence

The prepared granules (two formulations) as well
as the commercial formulations (brands | and II)
were characterized for amount of CO, released
using modified Chittick apparatus. Degree of
effervescence was assessed by using maximum
gas release as well as effervescence-time profile
data. Validity of the measurement approaches
was also explored by comparing the output from
above stated two methods.

RESULTS
Calibration of modified Chittick apparatus

The effervescence response recorded by
modified Chittick apparatus has been validated
using three approaches namely ideal gas
equation, effervescence time profile and
gravimetric method. The results are described as
follows:

Calibration method | (Ideal gas equation)

Amount of carbon dioxide release plotted against
the weight of calcium carbonate followed a linear
regression relationship with a correlation
coefficient (R?) value 0.999 (Figure 2).

The moles of CO, released were used to
calculate mole of calcium carbonate consumed in
the acid based reaction (Eq 6).

CaCOs (n) = PV/RT ............ (6)

where P represents partial pressure of CO, (Pa),
V (L) is the volume measured from device which
can be obtained from subtracting the volume of
HCI used from the total volume of displaced
liquid as it is a closed system, R is universal ideal
gas constant and T is temperature of surrounding
environment.

The amount of CO, recorded by modified Chittick
apparatus was in close agreement with the one

calculated  from chemical reaction  of
stoichiometric ~ concentrations  of  sodium
bicarbonate and citric acid. This correlation
suggest that ideal gas equation can be used
explain the pressure changes recorded from
modified Chittick apparatus (table 1).

A
0.8 ¥ =0.5991x- 0.0035
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B 0.5 K
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Figure 2: Calibration curve of gasometric system
using calcium carbonate (A, B)

Method Il (Effervescence time profile)

Barometric changes recorded from
effervescence reaction were plotted as a function
of time and the results are described in Figure 3.

Table 1: Carbon dioxide (mole) release from calcium carbonate using Ideal gas law

Initial wt Initial mM Dlif.inlwatler Vol. ((j)f H|CI Vg!.of_gartl)_on Calculated mM
@ cacosw M v el eveany 00
0.05 0.5 6.0 5.97 0.00003 0.001215 0.0490
0.1 1 6.8 6.74 0.000059 0.002431 0.981
0.2 2 13.0 12.88 0.000119 0.004862 1.96
0.3 3 16.0 15.83 0.00017 0.006888 2.78
0.5 5 18.0 17.71 0.000289 0.011750 4,74
1.0 10 20.0 19.4 0.0006 0.024312 9.81

R = 0.008314 L. Pa.K"mol™, T= (273+25) = 298 K, RT = 2.47 L.Pa.mol™
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Figure 3: A representative plot of effervescence-time
profile using calcium carbonate

The area under the curve (AUC, Pa.S) of

pressure-time graph was calculated by
trapezoidal formula as in Eq 7.
AUC =% (P1+P2) X (to-ty) covvveneennee )

The AUC plotted as a function of sample weight
(Figure 4 A) demonstrates a good correlation (R2
= 0.995) with a linear regression equation (y =
14932x + 2113.2).

AUC was also plotted as a function of volume of
gas liberated during the effervescent reaction
(Figure 4B). A good correlation (R2 = 0.994) with
linear equation suggest a reliable application of
AUC as a predictor of either volume of CO, or
amount of salt consumed in the reaction.

Method Il (Gravimetric method)

In this method, the weight loss was presumed to
be due to evaporation of CO, from the system.
Weight changes over the time were recorded to
demonstrate the progress of acid base reaction
(Figure 5A). Subsequently, the mass of CO,
(expressed as millimoles; mM) evolved from
different amount of CaCO; were plotted (Figure
5B). The amount of CO, recovered from acid
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bases reaction was plotted as a function of
stoichiometrically predicted carbon dioxide
(millimoles; mM) (Figure 5C). The amount of
carbon dioxide released followed a linear
regression relationship with predicted value
(correlation coefficient R? value of 0.999). This
confirms the suitability of gravimetric method for
the estimation of CO, from effervescent
preparations.

Bulk properties of granules

The formulation prepared in this study as well the
commercial brands were assessed for bulk
properties to determine their suitability for use.
The results of bulk characterization parameters
listed in Table 2 suggest that all of the samples
had angles of repose between 20° - 40°
indicating reasonable flow potential [14,18,19].
Likewise, the compressibility Index value <15
also confirmed good flow behavior. All of the
samples, except those prepared using solvent
assisted granulation demonstrate loss on drying
<4%. The latter described 12% weight loss
indicating the presence of solvents in these
granules.

Degree of effervescence from granules
Method I: Ideal gas equation method

Effervescent granules weighing 0.8 g were
calculated to release 7.143 mM of CO, following
complete reaction with acid at stoichiometric
ratios. This theoretical yield of carbon dioxide is
seldom achieved; some of the reasons for this
suboptimal output (CO;) include depletion of
carbonate during manufacturing and impurities in

the reactants. Nevertheless, degree of
effervescence as a function of method of
preparation remains a question for the
formulation scientists.
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Figure 4: Calibration curve of effervescence —time profile, AUC of standard sample Vs weight (Figure: A). Graph
relating volume of carbon dioxide (mL) liberated vs AUC in effervescence time profile (Figure: B)
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Figure 5: Calibration curve of CaCOs from gravimetric
data: Graph A represents weight of sample vs. time,
Graph B denotes weight of CO; released vs. weight of
CaCOg3;, Graph C shows weight of CO, released vs.
stoichiometrically predicted CO»

Amount of CO, released
formulated by fusion method

from granules

Effervescent granules (0.8 g) formulated by
fusion method released 6.568 mM of CO,. Herein
the amount of carbon dioxide released was
8.05% less than that expected from
stoichiometric reaction. Provided that the purity

of the sample was 100%. This decrease is due to
partial decarboxylation of the reactants following
heat assisted release of water of crystallization
from monobasic acid which act as a reaction
medium for acid and carbonates.

Amount of CO, released
formulated by solvent method

from granules

The amount of carbon dioxide released from the
effervescent granules (0.8 g) prepared by solvent
assisted granulation method was 4.420 mM. The
amount of CO, released in this formulation was
38.11% lower than the stoichiometrically
expected vyield. The results also depict a
significantly lower effervescence (32.70 %) than
that of the counterparts prepared by the fusion
method (6.568 mM) (Table 3).

The inclusion of solvent (specially, water portion
of hydro-alcoholic solvent) during the granulation
procedure promotes a chemical reaction
between bicarbonates and acid resulting in an
unintended  decarboxylation.  Although the
inclusion of solvent benefits with an easier
preparation of effervescent granules, it also
results in a significant loss in the critical quality
attribute (effervescence) of the product.

Method II: Effervescence-time profile

The time profile of effervescence from granular
powder showed a single peak (Figure 6) referring
to the reaction between the monobasic acid and
base. In its simplest description the
effervescence profile can be described in terms
of maximum time point, total duration of effect
and area under the curve.

Maximum gas pressure observed as peak in the
time profile was 1134 Pa for granules prepared
by fusion method. The same event was recorded
as 1008 Pa for granules prepared by solvent
assisted granulation technique (Figure 6).

Table 2: Characteristics of sample granules and marketed brands

Sample c ial brand
(Citric acid: Sodium Bicarbonate=1:3) ommercial bran

Brand | Brand Il
Parameter Sample 1 Sample 2
Angle of repose (°) 25 24.4 25.12 29.33
(Co/g)mpress'b”'ty Index 14.60 10.48 18.75 11.76
Bulk Density (g/cm®) 0.04 0.04 0.67 0.625
LOD (%) 3.09 12.35 2.75 3
Particle size distribution 1.101 1.101 0.102 0.100

(mean diameter in mm)
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Effervescence time profile for samples prepared
by fusion method was 21+1 sec whereas the one
prepared by solvent assisted granulation produce
CO, for 19 1 sec.

Results on area under the curve (AUC),
calculated from trapezoidal method also revealed
an area under the curve of 12,587 Pa.S from
effervescent granule prepared by fusion method.
This is approximately 1.5 fold higher than the
granules prepared by solvent assisted
granulation approach (8,662.5 Pa.S). These
observations are in agreement with the estimates
for amount of gas released in mole i.e. 7.015 mM
(98.20% of expected gas yield) and 4.386 mM
(61.40 % of expected gas yield) for fusion and
solvent assisted granules, respectively.

1200 -
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Pressure (Pa)

U T )

0 10 20
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Figure 6: Effervescence-time profile of granules. Solid
curve (—) describes pressure gradients from granules
prepared by fusion method; dotted curve (.-..)
measures the time profile of granule prepared by
solvent-assisted granulation method

It appears from the results that granule prepared
by fusion method released higher concentration
of CO, as compared to the particulate
counterparts prepared by solvent assisted
granulation. A simple justification of this result
includes a limited reaction of the materials during
formulation. These findings are valuable in the
screening of different methods used for the
preparation of effervescent granules in terms of
CO; release.

Table 3: Percent difference between experimentally
calculated mole of CO»

METHOD| METHOD I METHOD
(%) (%) I (%)
Sample |
& Sample 32.7 37.42 33.05
1l
Brand 1 & 10.61 14.68 9.10
Brand Il

Method Ill: Gravimetric method

By taking 3 g of granules, the amount of CO,
predicted stoichiometrically was 27.6704 mM.
The observed CO, released from the granule
prepared by fusion and solvent assisted
granulation methods was 23.9493 and 16.0874
mM, respectively which accounts for 13.40 and
43.13% lower than the ideal effervescence yield,
respectively.

The results from gravimetric analysis of
effervescent granules suggest a difference of
33.05 % in the effervescence when one switches
from fusion to solvent assisted granulation. It is
interesting to state that the results from all of the
methods wused for the measurement of
effervescent were comparable and ~ 33 - 37%
less CO, release was recorded in samples
prepared by solvent assisted granulation
approach.

Amount of CO, release from Commercial
brands

Method I: Ideal Gas equation method

The amount of CO, calculated stoichiometrically
3.27 mM for both Brands. However, the mass of
CO, release observed from brand | and Il was
2.783, 3.110 mM respectively. The results
suggest that brands | and Il showed 14.92 and
4.89 %, respectively lower CO, release than that
of the expected yield.

Method II: Time profile methodology

The duration of effervescence peak for brand |
was of 11sec while for brand Il it was l4sec
(Figure 7). The time profiles of brand | and Il
were characterized by Pnax 1017Pa, 1008Pa
respectively with AUC 6516 and 7339 Pa.S,
respectively.

The amount of CO, released for brand | and I
was 2.7300 and 3.200 mM respectively from
effervescence time profile while the amounts
measured by method | was 2.780 and 3.110 mM
respectively. The fact that results from both
measurement methods are similar to each other,
confirming the application of each in describing
the output reliably (Table 3).

METHOD III: Gravimetric method

Since all of the samples were containing 0.327 g
of calcium carbonate, 3.2700 mM of CO, is
expected to be released from a stoichiometrical
reaction. The amount of carbon dioxide release
recorded from brand | and Il were 2.727, and
2.999 mM respectively which is 16.81 and 8.56%
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Table 4: Comparison of effervescence measured using different experimental methods

Sample Method |
substrate ; Method I Method Il
(substrate weight = 0.8 g) (substrate weight = 0.8 g) (weight 0.8 g)
Method
EC Difference Difference Difference
SE (MM.) (%) SE EC (%) SE EC (%)
(mM.) ’ (mM.) (mM.) (mM.) (mM.)
S EC 00% =SE—EC jo0n =3E—EC, 100%
SE SE SE
Sample 1 7.1428 6.5684 8.05 7.1428 7.00 1.98 27.6704* 23.9493* 13.40
Sample 2 7.142 4.4201 38.11 7.1428 4.38 38.67 27.6704* 16.0870* 43.13
Brand | 3.270 2.7820 14.92 3.2700 2.73 16.51 3.2700** 2.7266** 16.81
Brand Il 3.2700 3.1104 4.89 3.2700 3.20 2.14 3.2700** 2.9990** 8.56

SE = Stoichiometrically Expected release of CO, (Mole), EC = Experimentally Calculated CO, (mM); *sample weight 3 g; **sample weight 800 mg
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Figure 7: Effervescence-time profile of commercial
effervescence powder brands containing 327 mg of
calcium carbonate as effervescent salt. solid line ( —)
describes pressure gradients from granules of brand |,
dotted line (... ) describe pressure gradient from brand
Il granules.

lesser than that of stoichiometric approach
(Table 3).

The fact that these results are comparable to
Method | suggest application of this approach as
an in-process quality control technique for the
assessment of amount of effervescence lost/ left
in an effervescent sample.

DISCUSSION

A proof of the concept study was performed to
demonstrate the effect of formulation variables
such as method of granulations on the product
performance. In preliminary stage, modified
Chittick apparatus was calibrated for the
measurement of amount of CO, produced using
calcium carbonate. A reliable correlation of
measured responses (amount of CO,) with
theoretical estimate (stoichiometric predictions)
confirmed the applicability of this instrument for
formulation analysis (effervescent granules).

Formulations prepared by fusion and solvent
assisted granulation were assessed for degree of
effervescence using modified Chittick apparatus
and gravimetric approach. Since the amount of
carbon dioxide measured by modified Chitick and
gravimetric method were same; it is presumed
that variation between the formulation responses
(amount of CO,) was linked to the method of
preparation. It is evident from the results that ~
60% of effervescent activity can be conserved in
a formulation by choosing appropriate (Fusion)
method of granulation. A possible explanation in
support of this selection is the fact that fusion
method offers a limited availability of water
(released on heating of hydrated salts) which

serves as reaction medium for effervescence. It
is envisaged that the modified Chittick apparatus
can be used for the screening of other methods
for effervescent formulations.

Formulations offered for sale in the market
(labelled as brand | and brand Il) were
considered as positive control in terms of degree
of effervescence. Likewise, the amount of carbon
dioxide release was evaluated through modified
Chittick apparatus as well as gravimetric method.
The results suggest that the brands | and Il
contain degree of effervescence 85 and 95%
respectively, as compared with theoretical
estimates. Possible  explanation to this
differences in effervescence may be due to the
method of preparation, stages of product life
cycle and efficiency of packaging materials used.
Formulations prepared by fusion and solvents
assisted granulation method offers different
degree of effervescence ~ 92 and 62 %,
respectively. The former is comparable with the
commercial brand Il with degree of effervescence
(95 %) confirming its significance for commercial
manufacturing.

The applications for method of analysis can be
extended to the evaluation of materials include
presence of hydrates, particle size, in-process
testing of powdered mixtures/granules porosity,
massing behavior of the components in the
product performance (degree of effervescence).
This would extend the knowledge space for
granulation phenomenon. A stability study aiming
to measure the effervescence as a function of
storage temperature and/or humidity would
furbish realistic information for the calculation of
shelf life. The methodology developed in this
study could be used to measure in Vvitro
performance of effervescent gastro retentive
drug delivery system (GRDDS).

CONCLUSION

Measurement of effervescence by modified
Chittick apparatus can find application in process
analytical technology for the development of an
optimized formulation. Screening of different
methods for the preparation of effervescent
granules is presented as a proof of this concept.
Ease of measurement favors the utilization of this
instrument at different stages of the
manufacturing cycle.
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