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'e purpose of this study was to develop and validate a discriminative dissolution method for the metformin film-coated tablet
with immediate release of the active substance that belongs to class III of the Biopharmaceutical Classification System (BCS).
Different conditions such as type of dissolution medium, volume of dissolution medium, rotation speed, apparatus, and filter
suitability were evaluated.'emost discriminative release profile for the metformin film-coated tablet was accomplished by using
Apparatus II (paddle) and 1000mL of phosphate buffer pH 6.8 as the dissolution medium and maintained on 37± 0.5°C with a
rotation speed of 75 rpm. 'e quantification of the released active substance was performed by UV/Vis spectrophotometry, at
232 nm. Acceptance criteria for not less than 75% (Q) of the labeled content for 45 minutes were set. 'e dissolution method was
validated according to the current international guidelines using the following parameters: specificity, accuracy, precision,
linearity, robustness, and stability of the solutions, found to be meeting the predetermined acceptance criteria. A developed
dissolution method has discriminatory power to reflect the characteristics of the medicinal product and is able to distinguish any
changes related to quantitative formulation and can be also applied for routine batch testing.

1. Introduction

Dissolution tests can be used to guide the development of new
formulations and to assist in proper formulation selection
(selection of excipients), to assess the characteristics of the
active substance (AS), and to evaluate the batch-to-batch
quality and stability of the medicinal product helping in the
establishment of shelf life [1– 3]. It is also commonly used as a
prediction of the in vivo performance of a medicinal product
to provide a basis for achieving in vitro/in vivo correlation and
to minimize the need for bioequivalence studies (BE). 'e
dissolution procedure has several distinct components. 'ese
components include a dissolution medium, an apparatus, the
study design (including acceptance criteria), and the method
for quantification of the released AS [4].

Fundamentally, the dissolution method should be dis-
criminatory, and it should allow evaluating the performance

of the medicinal product, particularly in monitoring AS or
critical formulation parameters [5]. Metformin hydrochlo-
ride (1,1-dimethylbiguanide hydrochloride) is used in the
treatment of type 2 diabetes mellitus. 'e active substance is
highly hydrophilic and is classified as class III according to
the Biopharmaceutical Classification System (BCS) with
high solubility and low permeability. 'e active substance is
ionized at physiological pH (pKa value is 12.4). After oral
administration, metformin HCL is absorbed by the gas-
trointestinal mucosa. 'e main site of rapid release ab-
sorption is the small intestine with negligible absorption in
the stomach and colon [6]. However, to develop a disso-
lution method, the characteristics of the AS and its be-
haviour in the selected test media should be taken into
consideration. Moreover, the dissolution conditions must
follow the sink conditions and the quantitation method
should be specific, accurate, precise, linear, and robust [7–9].
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Several dissolution methods for determination of the re-
leased percentage of the AS from the medicinal product
metformin immediate-release film-coated tablets are in-
troduced in the British (BP) and American Pharmacopoeia
(USP). In the BP monograph, the recommended dissolution
method for metformin immediate-release film-coated tab-
lets uses 900mL of phosphate buffer pH 6.8 at 37°C and
baskets with 100 rpm with quantitation by spectropho-
tometry at 232 nm. Furthermore, the USP monograph
presents three procedures for determining the percentage of
released active substance depending of the dosage strengths
[10, 11]. Usually, either the USP or BP methods may be
suitable for generic immediate-release (IR) products, but
during development, we must optimize the selected method
with respect to our proposed formulation.

'e objective of the present study is to develop a dis-
criminating dissolution method for metformin film-coated
tablets to support development of the medicinal product and
quality control efforts for all dosage strengths. 'e initial
part of the study was focused on the selection of suitable
dissolution conditions including volume of the medium
using different dissolution media, type of apparatus, rotation
speed, and suitability of the filter type. Additionally, vali-
dation was performed to ensure that the developed dis-
criminatory method accomplishes its intended purpose.

2. Materials and Methods

2.1. Material and Equipment. Metformin film-coated tablets
1000mg, 850mg, and 500mg, metformin hydrochloride
working standard (WS), potassium dihydrogen phosphate,
and sodium hydroxide were with analytical grade. Disso-
lution media: pH 1.2 (HCl and NaCl), acetate buffer pH 4.5,
and phosphate buffer pH 6.8 were prepared according to the
directions in the European Pharmacopeia (EP) monograph.

'e following instruments were used: six-station dis-
solution apparatus (Varian-Vankel 7025 Model: 115/230) in
accordance with the USP general methods, pH meter
(Mettler Toledo), hotplate stirrer (IKA C-MAG HS7), an-
alytical balance (Sartorius CPA 225D-OCE), and UV/Visible
Spectrophotometer (Varian-Model: Cary 50/60) using
10mm quartz cells).

2.2. Dissolution Method. 'e dissolution tests on metfor-
min film-coated tablets were performed using Apparatus I
and II at 37± 0.5°, with a rotation speed of either 50 rpm or
75 rpm for the paddle and 100 rpm for the basket. Different
dissolution media (pH 1.2 HCl and NaCl, acetate buffer pH
4.5, and phosphate buffer pH 6.8) with either 900mL or
1000mL were tested. Sampling aliquots of 10mL were
withdrawn at 5, 10, 15, 30, and 45min and replaced with an
equal volume of the fresh medium maintained at the same
temperature. After the end of each test time, the samples
aliquots were filtered through 0.45 μm membrane filter
(regenerated cellulose, RC), diluted with respective dis-
solution medium and then analyzed by the UV-Vis spec-
trophotometric method.

2.3. Preparation of Standard Stock Solutions. 'e stock so-
lution was prepared by dissolving 55.55mg of metformin
hydrochloride WS in a 100.0mL volumetric flask with the
medium phosphate buffer pH 6.8. 1.0mL of this solution was
diluted to 100.0mL with medium to obtain a concentration
of 0.005mg/mL. 'e solution was filtered through 0.45 μm
RC membrane filter.

2.4. Determination of Metformin Hydrochloride in the Dis-
solution Samples. 'e percentage of the released active
substance from the medicinal product was determined by
the UV-Vis spectrophotometric method. 'e UV-Vis
spectra of the metformin HCL solution revealed one ab-
sorption maxima at 232 nm.

2.5. Filter Suitability Evaluation. Suitability of the filter type
(0.45 µm RC membrane filter) was determined by com-
parison of the absorbance obtained from six individually
filtered aliquots of the standard solution of metformin hy-
drochloride WS (concentration of 0.005mg/mL) with the
absorbance of unfiltered standard solution.

2.6. Validation of the Dissolution Method. 'e proposed
dissolution method was validated for specificity, accuracy,
precision, linearity, robustness, and stability of sample so-
lutions according to the current ICH and FDA guidelines
[12, 13].'e specificity of the dissolution medium was tested
by examining the peak interference from the dissolution
medium and placebo in comparison with AS by an aliquot of
the dissolution medium without AS (diluent), dissolution
medium in which the placebo was added (placebo), disso-
lution medium containing AS at working concentration
(standard solution), and dissolution medium with the
metformin film-coated tablet (sample solution).

Accuracy of the method was tested by adding known
amounts of metformin HCL WS to the placebo. 'ree
concentrations (80%, 100%, and 120) of the theoretical
working concentration were spiked, and the measurements
were done in triplicate. 'e average recovery percentage was
calculated.

'e precision of the method was determined by testing
the repeatability in the same day and intermediate precision
(same analyst, using the same instrument) on a different day.
'e repeatability was tested by six replicate measurements of
the absorbance of the standard solution in a concentration of
0.005mg/mL and evaluated based on relative standard de-
viation (% RSD) of the results. Intermediate precision was
determined with six sample solutions prepared individually
using a single batch of film-coated tablets as per the test
method by the same analyst, using the same instrument on a
different day. Furthermore, comparison of the results var-
iability was performed by statistical F-test.

Linearity was tested using six concentrations (in triplicate)
of the standard solution within a concentration range from
0.00125 to 0.0075mg/mL (25%, 50%, 75%, 100%, 125%, and
150% of the expected working concentration) and was eval-
uated by the linearity plot and the correlation coefficient (r2).
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'e robustness of the method was evaluated by variation
of the three parameters: pH of the buffer (±0.2 units), ro-
tation speed (±5 rpm), and temperature of the dissolution
medium (±0.5°C). For each variation, the content of dis-
solved metformin HCl was calculated. 'e robustness of the
method was examined by statistical F-test.

Stability of metformin HCl was evaluated using the
standard solution (0.005mg/mL) over the 48 hours test
period. Sample solutions were prepared in the same dis-
solution media and at the same conditions as for the dis-
solution test. 'e drug concentrations observed in samples
at 0, 5, 24, and 48 h were compared.

3. Results and Discussion

Development and validation of the discriminatory disso-
lution procedure was achieved following the current com-
pendial standards in accordance with the FDA and ICH
guidelines. It is worth noting that regulatory requirements at
all levels of vertical follow-up (directives, regulations, pro-
cedures, recommendations, guidelines, and observations)
are often strict and precise.

'e dissolution procedure has several distinct compo-
nents. 'ese components include a dissolution medium, an
apparatus, the study design (including acceptance criteria),
and the mode of assay. All of these components must be
properly chosen and developed to provide a method that is
reproducible for within laboratory day-to-day operation and
robust enough to enable transfer to another laboratory.

3.1. Selection of Dissolution Medium. During the develop-
ment of the dissolution procedure, one general goal is to
have “sink” conditions. When “sink” conditions are present,
it is more the likely that the dissolution results will reflect the
properties of the dosage form. 'e sink conditions are de-
fined as concentrations that yield a saturation solubility of
the active substance at least three times the highest dose of
the active substance dissolved in the volume of the medium
used for dissolution [7]. Sink conditions are preferred be-
cause they are more likely to result in dissolution that reflects
kinetics of the active release from the dosage form rather
than from solubility limitations [9]. Media deaeration is
usually required and can be accomplished by heating the
medium or filtering the medium (more commonly) or
placing it under vacuum for a short period of time. Bubbles
can cause particles to cling to the apparatus and vessel walls.
On the contrary, bubbles on the dosage units may increase
buoyancy, leading to an increase in the dissolution rate, or
may decrease the available surface area, leading to a decrease
in the dissolution rate [14].

Determination of the maximum solubility or concen-
tration of saturated metformin HCL solution in a different
dissolution media (pH 1.2 HCl with NaCl, acetate buffer pH
4.5, and phosphate buffer pH 6.8) was performed using sink
conditions at eight concentration levels in the range of
0.0006–0.0111mg/mL. 250mL from each medium were
transferred into flasks and placed on a magnetic stirrer with
temperature at 37± 0.5°C in a period of 45 minutes. 'e

results from the solubility test of metforminHCL in different
proposed dissolution media are summarized in Table 1.

'e performed test for achieving the sink condition
confirmed that the metformin HCL is highly soluble in all
tested media with a solubility of more than 140mg/mL. 'e
maximum solubility of metformin hydrochloride was
achieved in phosphate buffer pH 6.8. Solubility data were
used as the basis for selecting a dissolution medium for
further evaluation of the medicinal product.

According to the bioavailability data, after oral admin-
istration, metformin HCl is absorbed by the gastrointestinal
mucosa. Taking into consideration that the main site of
absorption is in the small intestine, with physiological pH
value of 6.6–7.0, the phosphate buffer pH 6.8 was selected as
the dissolution medium for further dissolution testing and at
the same time as a diluent where the standard stock solution
would be dissolved.

3.2. Selection ofMediumVolume, Dissolution Apparatus, and
Rotation Speed. 'e standard dissolution medium volumes
accepted by the regulatory agencies are 500mL, 900mL, and
1000mL [7]. 'e dissolution behaviour (variability and
profile) of the dosage form itself is the best guide in choosing
the volume. An effort to use one of the three standard
volumes should be made to facilitate method transfer and
reduce the likelihood of regulatory questions. For solid oral
dosage forms, Apparatus I (basket) at 100 rpm or Apparatus
II (paddle) at 50 or 75 rpm is recommended. 'e intent was
to set a dissolution method performance that could yield
data that are not highly variable and to avoid coning or
mounding problems. After visual observation of the be-
haviour of the dosage form during the dissolution testing at
50 rpm, coning at the bottom of the Apparatus II (see
Figure 1) has been noticed which leads to incomplete release
of active substance and risk for obtaining variable results.

Occurrence of coning of the dosage form can be reduced
by increasing the paddle speed thereby improving the results
[14]. 'erefore, the rotation speed of 75 rpm for the paddle
was selected.

'e dissolution method parameters (dissolution appa-
ratus, rotation speed, and volume of the medium) were
defined by determination of the amount of dissolved AS
from metformin 1000mg film-coated tablets in three ex-
perimental cases:

Case 1: Apparatus I (basket) at 100 rpm, 900mL
medium
Case 2: Apparatus I (basket) at 100 rpm, 1000mL
medium
Case 3: Apparatus II (paddle) at 75 rpm, 1000mL
medium

Dissolution was evaluated by measuring the amount
dissolved over time and carried out on six (6) tablets.
Samples of 10mL were taken after 5, 10, 15, 20, 30, and 45
minutes, and the medium was replaced to maintain the same
volume. 'e obtained results are presented in Table 2. 'e
dissolution profile of metformin 1000mg film-coated tablets
is shown on Figure 2.
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Table 1: Results from the solubility test of metformin HCL in the proposed dissolution media.

pH 1.2 (HCl and NaCl) Acetate buffer pH 4.5 Phosphate buffer pH 6.8
Solubility of metformin HCL (n� 2) 144.16mg/mL 165.96mg/mL 170.58mg/mL
Calculated from 1000mg/250mL× 3�12mg/mL.

(a) (b)

Figure 1: Visual observation of metformin 1000mg film-coated tablets using paddles with rotation speed (a) 50 rpm and (b) 75 rpm.

Table 2: 'e obtained results of the dissolution test of metformin 1000mg film-coated tablets using different apparatus and volume of the
medium.

Phosphate buffer pH 6.8
Case 1: metformin 1000mg film-coated

tablets basket, 100 rpm, 900mL
Case 2: metformin 1000mg film-coated

tablets basket, 100 rpm, 1000mL
Case 3: metformin 1000mg film-coated

tablets paddle, 75 rpm, 1000mL
Time 5 10 15 20 30 45 5 10 15 20 30 45 5 10 15 20 30 45
Average 27.33 47.52 65.38 76.34 90.85 95.55 34.50 59.62 78.12 89.08 96.40 96.13 36.55 61.31 81.10 93.24 97.51 98.17
RSD 10.13 11.07 11.30 9.48 4.46 1.71 9.89 8.97 7.72 7.07 1.63 2.69 7.72 6.18 3.00 2.55 0.45 1.48
Min 25.11 43.02 56.90 67.33 83.79 92.37 28.45 49.83 66.42 78.44 93.31 91.14 32.78 56.85 78.19 90.29 97.07 96.39
Max 34.54 61.13 82.38 92.81 96.36 99.07 37.24 64.93 83.54 94.14 97.78 98.47 39.96 66.66 84.75 96.25 98.25 100.82
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'e obtained results show that the percentage of release
of the active substance in Case 1 is lower compared to the
results obtained in cases 2 and 3. Furthermore, the higher
variability is evident in the dissolution profile in Case 2
compared to the dissolution profile in Case 3. 'erefore, the
Apparatus II (paddle), 75 rpm, and 1000mL of phosphate
buffer pH 6.8 were chosen as the conditions for the disso-
lution method.

'e dissolution procedure requires an apparatus, a dis-
solution medium, and test conditions that together provide a
method that is discriminating, yet sufficiently rugged and
reproducible for day-to-day operation and should be able to
transfer between laboratories. 'e ideal method will have
enough power to pick up changes in critical attribute that may
affect the release mechanism.

'e discriminatory power of the proposed dissolution
method was confirmed by comparing the dissolution profiles
for the two different formulations of metformin 1000mg
film-coated tablets: original formulation and formulation
with a deliberate change in the composition of excipients
(around 33% excess of magnesium stearate) [15]. Results
have shown that changes of the quantitative composition of
magnesium stearate (lubricant) significantly affect the rate of
in vitro dissolution by decreasing the percent of the released
active substance (see Figure 3). 'is concept was used to
establish the factor that has the most significant influence on
the dissolution rate.

In order to confirm the applicability of the proposed
dissolution method for all the strengths of metformin film-
coated tablets (500mg, 850mg, and 1000mg), the dissolution

–5

15

35

55

75

95

115

–5 5 15 25 35 45 55

%
 d

iss
ol

ve
d 

A
PI

Time (min)

pH 6.8

Metformin 1000mg film-coated tbl paddle, 75rpm, mismanufactured
Metformin 1000mg film-coated tbl paddle, 75rpm
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profiles in 1000mL phosphate buffer at pH 6.8 with paddle
rotation speed of 75 rpm were compared (see Figure 4).

'e obtained profiles between the strengths with the
developed dissolution method were considered as similar.
'erefore, the experimental conditions described in Case 3
are proposed for the dissolution test in the formulation
development of the medicinal product to determine the
similarity of the dissolution profiles, as well as for selection
of the biobatch that will be further used in the bioequivalent
study. 'e quantitative determination of the released active
substance from the medicinal product was performed using
the UV/Vis spectrophotometric method at 232 nm. 'e
acceptance criteria for not less than 75% (Q) of the labeled
content for 45 minutes were set [15].

3.3. Filter SuitabilityEvaluation. 'e choice of a suitable filter
type is important and should be experimentally justified in the
early development of the dissolution method [7, 8]. 'e
suitability of the proposed filter (0.45µm regenerated cellulose
membrane filter) was confirmed by comparison of the re-
covery values of the concentration of metformin HCl between
filtered and unfiltered standard solutions. 'e recovery values
are within 99.23–100.15% (acceptable results are between

98.0% and 102.0%). 'e results indicate that the recovery is
not affected when the standard solutions are filtered through
the filter 0.45µm regenerated cellulose membrane filter.

3.4.Validation of theDissolutionMethod. Method validation
was performed on the highest strength of the medicinal
product. 'e results are summarized in Table 3.

To evaluate the specificity of the dissolution procedure, it
is necessary to demonstrate that the results are not affected
by the placebo constituents in the medicinal product. A
proper placebo should consist of everything in the formu-
lation, except the AS. Comparison of the spectra (recorded
between 200 nm and 400 nm) of the dissolution medium
(diluent), placebo, standard, and sample solution shows that
there is no interference between the spectra of the diluent
and placebo with metformin HCl, indicating the specificity
of the method (see Figure 5).

'e accuracy expresses the agreement between the ac-
cepted value and the observed value. 'e method is accurate
(the recovery values are within 95.0–105.0%, and RSD is not
more than 5.0%) and precise (RSD values are less than 2%,
and F value<5.05) [13, 15]. To assess linearity, a standard
curve was constructed by plotting average absorbance versus
concentration.
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Figure 5: Specificity of UV spectrophotometric method for dissolution of metformin HCl. (a) Diluent. (b) Placebo. (c) Standard solution.
(d) Sample solutions.
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'e correlation coefficient (r2) was greater than 0.995 for
the calibration curve over the range of 25 to 150% of the
working concentration, indicating a good linearity of the
method.

In all the deliberately varied conditions (pH value, ro-
tation speed, and temperature of dissolution medium), the
released amount of metformin HCl from the dosage form
remained unchanged, which demonstrates that the de-
veloped method is robust.

'e results of the stability studies showed that the
standard solution of the metformin HCL was found to be
stable for 48 h at room temperature.

4. Conclusions

'e developed dissolution method (Apparatus II with a
rotation speed of 75 rpm and 1000mL of phosphate buffer
pH 6.8 as a medium) has a discriminatory power for
metformin film-coated tablets and is able to distinguish any
changes related to quantitative formulation of the phar-
maceutical dosage form, applicable for all dosage strengths.
'e method can be used in the formulation development
studies, as well as for the selection of biobatch for the
bioequivalent study. 'e proposed method is specific, ac-
curate, precise, linear, and robust and can be successfully
applied for evaluation of the batch-to-batch quality and
stability of the medicinal product.
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'e data used to support the findings of this study are
included within the article.
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solution test optimization for meloxicam in the tablet phar-
maceutical form,” Brazilian Journal of Pharmaceutical
Sciences, vol. 45, no. 1, pp. 67–73, 2009.

[3] T. Soni, C. Nagda, T. Gandhi, and N. P. Chotai, “Development
of discriminating method for dissolution of aceclofenac
marketed formulations,” Dissolution Technologies, vol. 15,
no. 2, pp. 31–35, 2008.

[4] J. B. Dressman, G. L. Amidon, C. Reppas, and V. P. Shah,
“Dissolution testing as a prognostic tool for oral drug ab-
sorption: immediate release dosage forms,” Pharmaceutical
Research, vol. 15, no. 1, pp. 11–22, 1998.

[5] M. Ansari, M. Kazemipour, and J. Talebnia, “'e development
and validation of a dissolution method for clomipramine solid
dosage forms,” Dissolution Technologies, vol. 11, no. 3,
pp. 16–24, 2004.

[6] C. Lamanna, M. Monami, N. Marchionni, and E. Mannucci,
“Effect of metformin on cardiovascular events andmortality: a

meta-analysis of randomized clinical trials,” Diabetes, Obesity
and Metabolism, vol. 13, no. 3, pp. 221–228, 2011.

[7] Directorate for the Quality of Medicines of the Council of
Europe, European Pharmacopoeia 8th Edition Supplement 8.6
2015 General Chapter 2.9.3. Dissolution Test for Solid Dosage
Forms, Directorate for the Quality of Medicines of the Council
of Europe, Germany, 2015.

[8] Intrinsic dissolution Directorate for the Quality of Medicines
of the Council of Europe, European Pharmacopoeia 8th
Edition 2014 General Chapter 2.9.29, Intrinsic dissolution
Directorate for the Quality of Medicines of the Council of
Europe, Germany, 2014.

[9] British Pharmacopoeia, Supplementary Chapters SC I E:
Dissolution Testing of Solid Oral Dosage Forms, British
Pharmacopoeia Commission, London, UK, 2015.

[10] British Pharmacopoeia Commission, Secretariat of Medicine
and Health Care Regulating Agency, British Pharmacopoeia
Commission, London, UK, 2013.

[11] 'e United States Pharmacopeial Convention, Inc., (e
United States Pharmacopeia and National Formulary USP
38–NF 33, 'e United States Pharmacopeial Convention, Inc.,
Rockville, MD, USA, 2015.

[12] Guidance for Industry, Dissolution Testing of Immediate Re-
lease Solid Oral Dosage Forms, FDA, Maryland, USA, 1997.

[13] International Conference on Harmonization (ICH) of
Technical Requirements for Registration of Pharmaceuticals
for Human Use, Topic Q2 (R1) Validation of Analytical
Procedures: Text and Methodology, 2005.

[14] Food and Drug Administration, (e Use of Mechanical
Calibration of Dissolution Apparatus 1 and 2—Current Good
Manufacturing Practice (CGMP); Guidance for Industry; U.S.
Department of Health and Human Services, Food and Drug
Administration, Center for Drug Evaluation and Research
(CDER), U.S. Government Printing Office, Washington, DC,
USA, 2010.

[15] European Medicines Agency, Reflection Paper on the Disso-
lution Specification for Generic Solid Oral Immediate Release
Products with Systematic Action, EuropeanMedicines Agency,
Amsterdam, Netherlands, 2017.

8 Journal of Analytical Methods in Chemistry



Tribology
Advances in

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 International Journal ofInternational Journal ofPhotoenergy

Hindawi
www.hindawi.com Volume 2018

Journal of

Chemistry

Hindawi
www.hindawi.com Volume 2018

Advances in
Physical Chemistry

Hindawi
www.hindawi.com

 Analytical Methods  
in Chemistry

Journal of

Volume 2018

Bioinorganic Chemistry 
and Applications
Hindawi
www.hindawi.com Volume 2018

Spectroscopy
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Medicinal Chemistry
International Journal of

Hindawi
www.hindawi.com Volume 2018

Nanotechnology
Hindawi
www.hindawi.com Volume 2018

Journal of

Applied Chemistry
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Biochemistry 
Research International

Hindawi
www.hindawi.com Volume 2018

Enzyme 
Research

Hindawi
www.hindawi.com Volume 2018

Journal of

SpectroscopyAnalytical Chemistry
International Journal of

Hindawi
www.hindawi.com Volume 2018

Materials
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International Electrochemistry

International Journal of

Hindawi
www.hindawi.com Volume 2018

N
a

no
m

a
te

ri
a

ls

Hindawi
www.hindawi.com Volume 2018

Journal ofNanomaterials

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/at/
https://www.hindawi.com/journals/ijp/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/jamc/
https://www.hindawi.com/journals/bca/
https://www.hindawi.com/journals/ijs/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/ijmc/
https://www.hindawi.com/journals/jnt/
https://www.hindawi.com/journals/jac/
https://www.hindawi.com/journals/bri/
https://www.hindawi.com/journals/er/
https://www.hindawi.com/journals/jspec/
https://www.hindawi.com/journals/ijac/
https://www.hindawi.com/journals/jma/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/ijelc/
https://www.hindawi.com/journals/jnm/
https://www.hindawi.com/
https://www.hindawi.com/

