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Abstract
Assessment of interactions of ibuprofen and magnesium trisilicate after co-processing has been carried out by infrared

spectroscopy. Dry-state ball-milling and, aqueous state kneading and freeze-drying were performed. FTIR spectroscopy

of co-processed materials described acid–base reaction between the carboxylic acid containing ibuprofen to a signifi-

cant extent. Increased absorbance of carboxylate peak accompanied by a consistently reduced absorbance of the car-

bonyl acid peak was evident. Absorbance of carboxylate peak was more in freeze-dried sample compared to milled pro-

duct. Intermolecular hydrogen bonding between ibuprofen and magnesium trisilicate in the co-processed material has

been suggested. Inhibition of crystal morphology has been noticed in the photomicrographs of both the products. DSC

report has shown absence or significantly decreased melting endotherm representing almost complete amorphization of

ibuprofen. Release of drug increased greatly after co-processing in comparison to crystalline ibuprofen. Freeze-dried

samples have improved drug release more significantly compared to ball-milled samples. 

Keywords: Infrared spectroscopy; co-milling; co-freeze drying; scanning electron microscopy; differential scanning

calorimetry.

1. Introduction

Infrared spectroscopy is a workhorse technique for
pharmaceutical analysis in recent years. Infrared spec-
trum represents the molecular absorption and transmis-
sion, creating a molecular fingerprint of the sample. It
corresponds to the frequencies of vibrations between the
bonds of the atoms. Material is a unique combination of
atoms and no two compounds produce the exactly same
infrared spectrum. Changes in the frequency and shape
of the bands of a drug could be utilized for the analysis
of possible redistribution of electronic density in the
structure of the molecule for the assessment of interac-
tions.

Ibuprofen, the most commonly prescribed NSAIDs1

[chemical formula: (CH3)2CHCH2C6H4CH(CH3)COOH] is
known to induce injury of the gastrointestinal tract and cau-

se changes in the permeability and structural properties of
the membrane.2,3 Magnesium trisilicate is used therapeuti-
cally as an antacid in the treatment of peptic ulcers. Via a
neutralization reaction it increases the pH of gastric juice.
After precipitation colloidal silica can coat gastrointesti-
nal mucosa which can confer further protection. Indige-
stion, heartburn, or gastroesophageal reflux can someti-
mes be symptoms of more serious conditions such as sto-
mach ulcers or stomach cancer. Doctor consultation is ne-
cessary before taking magnesium trisilicate when an indi-
vidual is taking a non-steroidal anti- inflammatory drug.
Magnesium trisilicate interacts with a number of drugs
and alter their absorption, thereby reducing their effecti-
veness.4–8 Enteric coatings designed to prevent the disso-
lution in the stomach may also be damaged by magnesium
trisilicate.9 Magnesium trisilicate is a compound of mag-
nesium oxide and silicon dioxide with varying propor-
tions of water (2MgO,3SiO2,xH2O) (USP 28). Magne-
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sium trisilicate is a solid adsorbent and could also be utili-
zed to improve the dissolution of poorly soluble drugs.10,11

Solid-dispersion granules of a poorly water-soluble drug
containing microporous magnesium aluminosilicate
(Neusilin) prepared by hot-melt granulation technique has
shown improved dissolution of drug.12,13 The solid disper-
sion granules of BAY 12-9566 containing Neusilin were
successfully compressed into tablets and increased disso-
lution. The hydrogen-bonding potential of silanol groups
on the surface of Neusilin brought about the increase in
the drug release rate.

In the present study assessment of interactions of
ibuprofen and magnesium trisilicate has been underta-
ken by infrared spectroscopy after milling together in the
dry-state and freeze-drying after aqueous state kneading.
Ball milling is a powerful tool for particle size reduction
and processing in the pharmaceutical industries.14 It is
also a device for effecting chemical reactions by mecha-
nical energy in dry-state and at ambient temperatu-
res.15,16 Ball milling presents a greener route for many
processes compared to the use of microwave and ultra-
sound as energy sources. Impact and attrition during ball
milling can bring about changes in the crystal structure
of the drug and can induce amorphization17–22 and im-
prove bioavailability.23 Freeze drying is a standard pro-
cess used to stabilize and store the drug products in the
pharmaceutical industries.24 FTIR spectroscopy was mo-
nitored to identify the mechanism of interaction25–27 of
the carboxylic acid-containing drug ibuprofen with mag-
nesium trisilicate. The interaction study has also been
monitored by scanning electron microscopy and diffe-
rential scanning calorimetry (DSC). Afterward, in-vitro
drug release from the formulated co-processed powder
was carried out to assure about the biological availability
of the drug.28 The detailed infrared spectroscopy of this
type of interaction after co-processing by dry-state mil-
ling, and aqueous state equilibration and freeze drying
has rarely been reported earlier. Nokhodchi et al.,29 cry-
stallized ibuprofen in presence of starch derivatives for
improved pharmaceutical performance and found no sig-
nificant change in FTIR spectroscopy and concluded that
there is no change in molecular level of ibuprofen. Ibu-
profen solid dispersions prepared using polyethylene
glycol 4000 have shown no significant change in FT-IR
spectra.27

2. Experimental

2. 1. Materials
Ibuprofen was obtained from Tejani Life care, Cut-

tack, India and magnesium trisilicate (USP 28) was purc-
hased from Burgoyne & Co, India (not less than 20% of
magnesium oxide and not less than 45% of silicon dioxi-
de; loss on ignition 17.0–34.0%). All other chemicals
used were of analytical reagent grade.

2. 2. Co-processing of Ibuprofen 
and Magnesium Trisilicate
Crystalline powder of ibuprofen and magnesium tri-

silicate powder were mixed for approximately 5 minutes
by simple blending process using mortar and spatula at la-
boratory ambient condition in the dry-state (∼30 °C;
∼60% RH) without trituration. Ibuprofen and magnesium
trisilicate (physical mixtures) weight ratios (3: 1, 2: 1, 1: 1
and 1: 2) were maintained as per formulation and left for
immediate use in the co-process of dry-state ball-milling
and, aqueous state kneading and freeze-drying. 

2. 3. Dry-state Ball-milling

The powder mixture of ibuprofen and magnesium
trisilicate in the weight ratios was placed into a cylindri-
cal vessel of ball mill (Swastik Electric and Scientific
Work, India) and 1 h period of constant milling was per-
formed in the dry-state at lab ambient condition of ∼30
°C, ∼60% RH. Significant increase in temperature of the
milled material has not been detected at the end of the
co-process. Ball charged in the vessel allowed smooth
cascading motion, and significant attrition and impact
during dry-state milling while operating the mill at 100
rpm for 1 h. 

2. 4. Aqueous State Kneading 
and Freeze-drying
Aqueous state kneading was performed by adding

small amount of water in the physical powder mixtures
of ibuprofen and magnesium trisilicate and left for a pe-
riod of about 12 h at ambient conditions for equilibra-
tion. The kneaded samples were freeze-dried using a la-
boratory vacuum freeze dryer (4kg, 220 V) with attached
vacuum (220V, 2.7A, 370W, 1400r/min, 50Hz) (Lark,
Penguin Classic Plus, India) for 10–12 hours for effecti-
ve drying. The pressure during freeze-drying was adju-
sted to 15–20 Pa while temperature maintained appro-
ximately at –40 °C. The freeze-dried samples were pre-
served in the desiccator till further analysis. 

The ball-milled and freeze-dried samples were left
at ambient condition (∼60% RH, ∼30 °C) for few hours
and dried in an incubator (Labotech, India) at 50 °C. The
powder materials were passed through mesh 44 (opening
∼350 μm) and assayed for drug content determination
from the absorbance measured at 222 nm (λmax) in the UV
visible Spectrophotometer (Jasco-V630 UV Spectropho-
tometer Spectrometer, Software: Spectra Manager) using
standard calibration curve of ibuprofen. 

2. 5. Ibuprofen–magnesium Trisilicate 
Interaction Study
FTIR spectra of pure crystalline ibuprofen and co-

processed powder samples were performed for a compa-
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rative study between co-milling and co-freeze drying in-
teraction. All the samples were mixed thoroughly with
potassium bromide in the ratio of 1:100. KBr discs were
prepared by compressing the powders at a pressure of 6
tonnes for 10 min in a Hydraulic pellet press (Techno-
search Instruments, Maharashtra, India). FTIR spectro-
meter (FTIR-4100 type A, Jasco, Tokyo, Japan) was
used for collecting all scans from 4000–400 cm–1 of 80
accumulations at a resolution of 4 cm–1 and scanning
speed of 2 mm/s. Spectral Manager for Windows softwa-
re (Jasco, Tokyo, Japan) was used for data acquisition
and holding.

2. 6. Surface Morphology and Thermal
Analysis of the Particle
Surface morphology and crystalline nature of the

particulate samples were investigated using Scanning
electron microscope (Instrument JSM-6390, Jeol, Tok-
yo, Japan). The powder samples were dried and sputte-
red with gold and scanned at room temperature using an
accelerated voltage of 10 kV (Wd 19 and Spot_Size 48).
Thermal behavior of the powder samples was characteri-
zed using a Differential scanning calorimeter (DSC,
Universal V4.2E TA Instruments). Samples approxima-
tely 5–6 mg were weighed accurately and put into
crimped aluminum pans with a pin hole in the lid. All
samples were heated at a heating rate of 10 °C/min in an
atmosphere of nitrogen gas purge at 50 ml/min from 30
and 300 °C. 

2. 7. Drug release Studies

Powdered samples containing 10 mg equivalent of
ibuprofen were dispersed in 900 ml of distilled water and
drug release was carried out using USP XXIV type II dis-
solution apparatus (Electrolab, dissolution tester USP
TDT 06L, India) at a temperature of 37 ± 0.2 °C and
paddle rotation set at 100 rpm. Ibuprofen concentration
was determined by UV absorption at 222 nm. Aliquots
were withdrawn at appropriate time intervals of 5, 10, 15,
30, 60, 90 and 120 min, and replaced with a fresh dissolu-

tion medium. After proper rinsing of the cuvette and fil-
tration of the aliquot through a 0.45 μm membrane filter,
absorbance was recorded using the UV-Visible Spectro
photometer. Standard calibration curve was used for cal-
culating the respective concentration and the data were
utilized to estimate cumulative percent drug release. Cu-
mulative percent drug release was reported as the mean
of not less than three determinations.

3. Results and Discussion

The dry-state co-milling and aqueous state co-pro-
cessing could be analogous to the commonly followed
processes in the tablet granulation department of phar-
maceutical industries. These processes are effective,
simple and scalable for interaction study. Due to presen-
ce of varying amount of bound moisture in native mag-
nesium trisilicate the co-milled materials became moisty
in nature and needed drying. Instant character of the
freeze-dried samples is to absorb moisture like a sponge
when left at ambient condition of ∼60% RH and 30 °C
for few hours and drying in an incubator at 50 °C beco-
mes necessary. The co-processed dried and equilibrated
powder materials were passed through mesh of opening
∼350 μm and assayed for actual drug content determina-
tion. Ibuprofen–magnesium trisilicate interaction study
has been characterized by FTIR, and the usefulness of
this powerful technique has been supported by scanning
electron microscopy and differential scanning calorime-
try as described below. Drug release from the formulated
dosage form is important and ultimately related to the bi-
oavailability of the drug. Dissolution of ibuprofen from
the co-processed material has also been described below.
Formulation detail and code of ibuprofen samples co-
processed with magnesium trisilicate has been mentio-
ned in Table 1.

3. 1. FTIR Analysis 

Spectral data of FTIR band assignments of ibupro-
fen and co-processed samples are tabulated in Table 2.

Table 1. Formulation code of ibuprofen samples co-processed with magnesium trisilicate (Ibuprofen = IB, Magnesium trisilicate = MTS).

Formulation code Drug: MTS ratio Co-processing Ibuprofen assay (%)
IB – – –

IB1M1pm 1 : 1 Physical mixture without trituration –

IB3M1B 3 : 1 Dry-state Ball-milling for one hour 71.61 ± 5.1

IB2M1B 2 : 1 Dry-state Ball-milling for one hour 68.65 ± 4.6

IB1M1B 1 : 1 Dry-state Ball-milling for one hour 46.09 ± 3.5

IB1M2B 1 : 2 Dry-state Ball-milling for one hour 37.54 ± 2.8

IB3M1F 3 : 1 Aqueous state equilibration and freeze-drying 74.11 ± 3.2

IB2M1F 2 : 1 Aqueous state equilibration and freeze-drying 68.55 ± 3.8

IB1M1F 1 : 1 Aqueous state equilibration and freeze-drying 48.65 ± 2.4

IB1M2F 1 : 2 Aqueous state equilibration and freeze-drying 30.54 ± 2.1
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The very strong band at 2958 cm–1 in the FTIR spectrum
of ibuprofen is assigned to CH3 asymmetric stretching.30

Ibuprofen has also shown the presence of free acid car-
bonyl peak at 1722 cm–1 with high intensity,27,31 but beca-
me very weak when co-milled in the dry-state as well as
co-freeze-dried after aqueous state kneading and equili-
bration with magnesium trisilicate (Fig. 1a,b). As the
magnesium trisilicate (2MgO,3SiO2,xH2O) contains mag-
nesium oxide (not less than 20% of magnesium oxide as
per USP 28) and the acidic nature of the carboxylic acid
group of ibuprofen, the possibility of an acid–base inte-
raction between the drug and MgO of magnesium trisili-
cate was explored. Also, very high intensity peak of ibu-
profen at 1230 cm–1 was due to C-C stretching32 became
gradually medium, weak, very weak and absent as the
magnesium trisilicate amount increased in both the co-
processed materials IB3M1F to IB1M2F and IB3M1B to
IB1M2B. A strong band noticed at 779 cm–1 in ibuprofen
was due to CH2 rocking vibration and the intensity obser-
ved to be weaker and weaker after co-processing.33,34 CH2

asymmetric stretching vibration (3094 cm–1 and 2868 cm-

1) and CH2 inplane rocking vibration (522 cm–1) were also
detected in pure ibuprofen and found weaker and absent
when co-milled and freeze dried after co-kneading. CH2

asymmetric stretching vibration (3094 cm–1 and 2868
cm–1), CH3 asymmetric deformation (1462 cm–1), CH3

rocking of strong intensity (935 cm–1), and CH2 inplane

Figure 1. (contd.)

Figure 1. (contd.)Figure 1. FTIR spectroscopy of co-processed

ibuprofen and magnesium trisilicate after dry-state ball-milling (a)

MTS, IB, IB3M1F, IB2M1F, IB1M1F, and IB1M2F; and aqueous

state equilibration and freeze-drying (b) IB, IB3M1B, IB2M1B,

IB1M1B, and IB1M2B (abbreviations are explained in Table 1).
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rocking vibration (522 cm–1) were also detected in pure
ibuprofen. Poor band performance was perceived in the
co-processed formulations. C-O stretching (1183 cm–1),
CH2 scissoring vibration (1462 cm-1) and CH-CO defor-
mation (1420 cm–1) contributed their presence strongly in
ibuprofen alone and weakly in the co-processed powder.
An acid–base reaction between the carboxylic acid contai-
ning ibuprofen and MgO containing MTS in presence of
moisture can describe the changes in the FTIR spectra of
co-processed formulations. The reaction has been facilita-

ted in presence of water when co-freeze-dried after aque-
ous state kneading and equilibration with magnesium trisi-
licate and also co-milled in the dry-state containing var-
ying proportions of water in the MTS compound. Car-
boxylate ion shows peak in the range of 1600–1650 cm–1

in the FTIR spectrum and this change was detected as a
function of IB/MTS ratio. A reduction in absorbance of the
carbonyl acid peak accompanied by a corresponding in-
crease in the absorbance of carboxylate peak was promi-
nent and the absorbance of carboxylate peak was relatively

Figure 2. (a) Ibuprofen pure, (b) IB1M1pm, (c) IB1M1B (X500), (d) IB1M1B (X5000), (e) IB1M2B (X500), (f) IB1M2B (X5000), (g) IB1M1F

(X500), (h) IB1M1F (X5000), (i) IB1M2F (1:2)F(X500), and (j) IB1M2F (X5000) (abbreviations are explained in Table 1).

a) b) c)

d) e) f)

g) h) i)

j)
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more in freeze-dried product compared to milled product.
A large broad band between 3550 to 3200 cm–1 ascribed to
the presence of the O-H stretching frequency of silanol
group bonded to the inorganic structure of MTS (contai-
ning SiO2), and also hydrogen bonds between adsorbed
water and silanol.25,35 This large broad band is absent in
ibuprofen pure drug but consistently maintained in all 
the co-processed materials could be due to intermolecular
hydrogen bonding. The band related to the silanol 
(Si-O-Si) asymmetric stretching was found at 1027 cm–1

with high intensity in MTS and also in the co-processed
formulations. Silanol asymmetric stretching intensity in-
creased with the amount of MTS in the formulation. Anot-
her peak at 471 cm–1 in MTS due to O-Si-O bending36 pro-
minently observed in the formulations. The small changes
in the band intensity, band orientation and overlapping in-
dicated only van der Waals or dipole-dipole interactions
between ibuprofen and magnesium trisilicate molecules.

3. 2. Characterization by Scanning Electron
Microscopy and Differential Scanning
Calorimetry
Scanning electron microscopy is a powerful tool to

study the inhibition of crystal growth morphology. Fig. 2
shows distinctive plate like layers due to the crystalline
nature in the initial samples of pure ibuprofen. Physical
mixture of drug and magnesium trisilicate in 1:1 ratio
(IB1M1pm) shows the presence of ibuprofen crystal geo-
metry very clearly with slightly damaged morphology.
Markedly reduced particle size has been noticed not only

in the co-milled materials but also in the freeze-dried for-
mulations after aqueous state kneading and co-processing.
Crystal geometry of ibuprofen has been significantly di-
sappeared in both the co-processed materials. 

Sub-micron and nano-crystalline agglomeration we-
re observed particularly in the milled material whereas,
freeze-dried materials have shown porous bed of irregular
nanoparticles developing grain boundaries in the crystal
structure indicating loss of crystal geometry. These grain
boundaries supposed to disrupt the motion of dislocations
and reduce the crystallite size of ibuprofen in the co-pro-
cessed powder.37

Differential scanning calorimetry is frequently used
in pharmaceutical research as an analytical tool for the
identification and interaction study of active drug after co-
processing with other pharmaceutical compounds.38–43 It
can explain the miscibility/incompatibility with its effects
on thermal stability, yielding results promptly and effi-
ciently.44 Thermograms after differential scanning calori-
metry of pure ibuprofen and co-processed powder sam-
ples are presented in Fig 3. Ibuprofen has shown the mel-
ting endotherm at 76.7 °C which is approximately similar
to the literature value.33 With the increase of MTS amount
in the co-processed material melting temperature and ent-
halpy (data not mentioned) have been decreased markedly
signifying the material is made up of a number of smaller
crystals or crystallites, and paracrystalline phases. Mel-
ting endotherm of IB1M2B and IB1M2F has been disap-
peared indicating an almost amorphous structure where
the atomic position is limited to short range order only.
Amorphous phase of ibuprofen could be possible to pro-

Figure 3. Differential scanning calorimetry of co-processed ibuprofen and magnesium trisilicate after dry-state ball-milling, and aqueous state

equilibration and freeze-drying (abbreviations are explained in Table 1).
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duce by solid state co-milling with kaolin.31 The inte-
raction between ibuprofen and the porous silica adsor-
bents indicated a significant loss of crystallinity of ibupro-
fen by the DSC studies.13

3. 3. In-vitro Release of Ibuprofen 

In-vitro drug release profiles of the co-processed
material up to 120 min have been depicted in the Fig.
4a,b. The powder materials have shown significantly im-
proved dissolution of drug after co-processing. Crystalline
ibuprofen exhibited only 52.89% dissolution whereas,
dry-state co-milling of ibuprofen and magnesium trisilica-
te has improved dissolution to a great extent (77.98 to
85.84%). Formulated powder samples of aqueous state
co-processing and freeze-drying of ibuprofen and magne-
sium trisilicate have presented relatively more improved
drug release (84.87 to 100.29%). Percentage release of
ibuprofen increased gradually with the gradual increase in
magnesium trisilicate proportion in the freeze-dried sam-
ples. Mixtures of ibuprofen and magnesium trisilicate ha-
ve presented substantially higher dissolution compared to
the pure drug. Magnesium oxide (MgO) in magnesium
trisilicate and carboxylic acid containing ibuprofen
brought about the acid–base reaction and the hydrogen-
bonding potential of silanol groups of SiO2 in the surface
of magnesium trisilicate facilitated collectively the increa-
se in the drug dissolution rate. Dissolution of nimesulide
from pharmaceutical formulations exhibited better disso-
lution when the formulations contain micronized nimesu-
lide crystals and medium become alkaline rather than aci-
dic.28 Increased proportion of magnesium trisilicate in the
mixture might have consumed the carboxylic acid contai-
ning ibuprofen and more of hydrogen-bonding potential

of silanol groups can describe the increased release of ibu-
profen of the co-processed formulations. Otsuka et al. ha-
ve been able to transform the crystalline polymorphs of
indomethacin to amorphous states during milling which
had 60% higher dissolution than the crystalline state.20

The increased dissolution of drug from solid dispersions
possibly be related to the decreased drug crystallinity or
effective wetting of the reduced drug particles.45–48 Co-
processing of ibuprofen with magnesium trisilicate for
enhanced dissolution possibly be a promising approach
for improvement of ibuprofen bioavailability.47

4. Conclusions

Detailed infrared spectroscopy has been utilized for
the assessment of interactions of ibuprofen and magne-
sium trisilicate after dry-state ball-milling and, aqueous
state kneading and freeze-drying. Changes in the fre-
quency and shape of ibuprofen bands after co-processing
have been detected for the analysis of redistribution of
electronic density in the structure of ibuprofen molecule.
Changes in the FTIR spectroscopy of co-processed for-
mulations can describe acid–base reaction between the
carboxylic acid containing ibuprofen and MgO of magne-
sium trisilicate (2MgO,3SiO2,xH2O). Varying propor-
tions of water in the magnesium trisilicate facilitated the
reaction in the dry-state milling rather gently while, aque-
ous state equilibration and freeze-drying brought about
the reaction considerably. Reduced absorbance of the car-
bonyl acid peak accompanied by a consistently increase in
the absorbance of carboxylate peak was prominently vi-
sible and the absorbance of carboxylate peak was rather
more in freeze-dried product compared to milled sample.

Figure 4. Dissolution profiles of co-processed ibuprofen and magnesium trisilicate: (a) dry-state ball-milling samples; (b) freeze-dried samples af-

ter aqueous state equilibration (abbreviations are explained in Table 1).

a) b)
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O-H stretching frequency of silanol group due to the pre-
sence of SiO2 in the structure of MTS and the hydrogen
bonds between adsorbed water and silanol attributed a lar-
ge broad band between 3550 to 3200 cm–1 in all the co-
processed materials and not in ibuprofen pure drug spec-
trum. That is the indication of intermolecular hydrogen
bonding between ibuprofen and magnesium trisilicate in
the co-processed material. Scanning electron microscopy
revealed the inhibition of crystal growth morphology in
both the co-processed materials. Milled material has
shown sub-micron and nano-crystalline accumulation but,
porous bed of irregular nanoparticles with developing
grain boundaries was observed in the crystal structure of
the freeze-dried samples. Missing of melting endotherm
in the DSC report of IB1M2B and IB1M2F signified almost
complete amorphization of ibuprofen. Significantly de-
creased melting temperature and enthalpy of ibuprofen in
the other co-processed materials indicated inhibition of
crystal growth to a great extent. Significantly increased
dissolution of drug has been noticed after co-processing
compared to crystalline ibuprofen alone. Freeze-dried
process presented relatively more enhanced drug release
compared to ball-milled samples.
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Povzetek
Zmes ibuprofena in magnezijevega trisilikata smo pripravili na dva na~ina: s suhim mletjem in z liofilizacijo vodne raz-

topine. Nastali zmesi smo preu~evali s FTIR spektroskopijo. Opazili smo pove~ano absorpcijo kaboksilatne skupine po-

vezane z zmanj{anjem absorbance karbonilne kisline, kar ka`e na dolo~eno reakcijo karboksilne kisline v ibuprofenu.

Absorbanca karboksilne skupine je bila bolj izrazita v liofiliziranem vzorcu, kar ka`e na mo`ne intermolekularne vezi

med ibuprofenom in magenezijevim trisilikatom v tem primeru priprave zmesi. Razliko smo opazili tudi na fotomikro-

grafskih posnetkih in pri DSC meritvah tali{~a. Spro{~anje ibuprofena iz liofiliziranega vzorca je hitrej{e kot pa iz vzor-

ca, pripravljenega s suhim mletjem.


