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Abstract. The purpose of this research was to improve the solubility and dissolution rate of ketoprofen 

by using the multicomponent crystallization approach with nicotinamide as coformer. Multicomponent 

crystallization of ketoprofen-nicotinamide with a 2:1 molar ratio was performed by solvent evaporation 

technique using 2-propanol as solvent. The characterization of the multicomponent crystal was 

performed using powder X-ray diffraction (PXRD), differential scanning calorimetry (DSC), Fourier 

transform infrared spectroscopy (FTIR) and scanning electron microscopy (SEM). The solubility and 

dissolution behaviour of the multicomponent crystal in distilled water were determined by the shake-

flask and standard paddle method, respectively. The results of characterization by PXRD, DSC, FTIR 

and SEM have confirmed the formation of a new crystalline phase of ketoprofen-nicotinamide as the 

multicomponent crystal. The solubility of ketoprofen-nicotinamide multicomponent crystal was 

registered 1.3 times higher compared to pure ketoprofen. The multicomponent crystal dissolved about 

64% within 60 minutes in comparison to the pure ketoprofen that showed a dissolution of only about 

56% during the same period. The results of solubility and dissolution tests showed that the ketoprofen-

nicotinamide multicomponent crystal is characterized by a solubility and dissolution rate significantly 

higher than those for the pure ketoprofen. 
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Introduction 

 The solids of the active pharmaceutical 

ingredients (API) can be distinguished as 

crystalline and amorphous forms. API are 

commonly used in crystalline form, being 

thermodynamically more stable than the 

amorphous one 1,2. A crystalline solid has 

three-dimensional long-range order and its 

physicochemical properties are strongly 

influenced by the molecular arrangement of 

components in the crystal lattice. Therefore, 

modification of the crystal lattice can be used to 

improve the physicochemical properties of 

crystalline API such as solubility, dissolution rate 

and hygroscopicity 3,4. 

Currently, the modification of crystal lattice 

of API by the multicomponent crystallization 

approach is often used to improve the 

physicochemical properties of API 3-7.  

The multicomponent crystallization approach is 

done by combining API with the other component 

called coformer 8. In the multicomponent 

crystallization, the API and coformer are 

crystallized together in the same crystal lattice 

through intermolecular interactions, such as 

hydrogen bonds and aromatic - stacking 8. 

The formation of the new crystal lattice from API 

and coformer in the multicomponent crystal 

changes the crystal lattice and packing 

arrangement of the API, which induces the 

presence of new physicochemical properties of 

the API 8. Therefore, one of the advantages  

of the multicomponent crystallisation approach is 

that it can be used to improve various 

physicochemical properties of API as needed by 

using the appropriate type of coformer. 

Ketoprofen is a profen-type of  

non-steroidal anti-inflammatory drug, 

characterized by an asymmetric carbon center 

attached to a carboxylic acid, a methyl, and an 

aryl group. It is used as an analgesic and  

anti-pyretic agent to treat rheumatoid arthritis, 

osteoarthritis, dysmenorrhea, and to alleviate 

moderate pain 9. It is a weak acid of  

propionic acid derivative, which is poorly soluble 

in water (0.253 mg/mL) 9. It has been classified 
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as a Class II compound of the biopharmaceutical 

classification system, which means that its low 

water solubility is the limiting step for  

absorption and bioavailability 10. Various 

methods are developed to improve the solubility 

of ketoprofen such as salt formation, 

micronization, formation of solid dispersions and 

re-crystallization 11-14. However, the increased 

solubility of ketoprofen by using the above 

methods produces amorphous ketoprofen or 

ketoprofen with lower crystallinity, which is 

thermodynamically less stable. 

The aim of the present study was to 

improve the solubility and dissolution rate of 

ketoprofen using the multicomponent 

crystallization approach. Nicotinamide was 

selected as coformer due to its acceptability for 

human consumption and it has effective 

functional groups to form intermolecular 

hydrogen bonds with various molecules 15,16. 

The 2:1 ratio of ketoprofen-nicotinamide is used 

for the formation of the multicomponent crystal 

corresponding to the target stoichiometry and is 

commonly used for obtaining multicomponent 

crystals of profen-type drugs with nicotinamide as 

coformer 15,17,18. The multicomponent 

crystallization of ketoprofen-nicotinamide was 

carried out by solvent evaporation technique using 

2-propanol as solvent. The resulted 

multicomponent crystal was characterized by 

using PXRD, DSC, FTIR and SEM and was 

evaluated for solubility and dissolution behaviour 

by using the shake-flask and standard paddle 

method, respectively. 
 

Experimental 

Materials 

Ketoprofen (purity 98.7%) was kindly 

assisted by Dexa Medica (Palembang, Indonesia). 

Nicotinamide (purity 99.6%) was purchased 

from Western Drugs Ltd (Udaipur, India) and  

2-propanol (purity 99.8%) was purchased from 

Merck (Darmstadt, Germany). 

Preparation of the multicomponent crystal 

The multicomponent crystallization of 

ketoprofen and nicotinamide was carried out by 

solvent evaporation technique using 2-propanol as 

solvent. The mixture of ketoprofen-nicotinamide 

(2:1 molar ratio) was dissolved with 2-propanol in 

a beaker glass. The beaker glass was then covered 

with aluminium foil and the solution was stirred 

with a magnetic stirrer (Scilogex MS7-H550-Pro) 

for 30 minutes at room temperature. Shortly 

afterwards the aluminium foil was given small 

holes and settled at room temperature so the 

solvent evaporates slowly. The resulting solid was 

then crushed using a mortar and pestle and passed 

through an 80 mesh sieve. The solid powder was 

stored in a desiccator until testing. 

Characterization methods 

The PXRD diffractograms were collected 

using a powder X-ray diffractometer (Philip 

Xpert) with CuKα radiation (1.54060 Å). The 

measurement was carried out at 5-50° in 2θ with a 

step size of 0.017° and a step time of 10 s/step. 

The condition of divergence slit and  

anti-scattering slit was 0.25° with diffraction 

experiment on the 10 mm sample size. 

The DSC analysis was performed using a 

differential scanning calorimeter (Rigaku DSC 

8230). Prior to measurement, the DSC instrument 

was calibrated for temperature and heat flow 

using high purity indium standard. The sample of 

approximately 2.0 mg was accurately weighed in 

a hermetically aluminium pan and then sealed. 

Measurements were performed from 30 to 200°C 

at a heating rate of 10°C/min under a dry nitrogen 

atmosphere (flow rate 50 mL/min). 

The FTIR spectra were recorded using an 

attenuated total reflection Fourier transform 

infrared spectrometer (Bruker Alpha FTIR 

spectrometer). The measurements were performed 

with a resolution of 4 cm
-1

 in the range of  

4000-400 cm
-1

.  

The SEM analysis was carried out using a 

scanning electron microscope (Hitachi TM-3000). 

The samples were firstly attached to a stub with 

double-sided carbon tape, and then coated with 

platinum using sputter coater ion (Hitachi E-1045) 

for 10 seconds. SEM analysis was performed  

at 15 kV accelerating voltage and 500x 

magnification. 

Solubility and dissolution tests were 

determined using UV-Vis analysis. 

Solubility and dissolution tests 

Calibration curve. Ketoprofen stock 

solution (100 ppm) was prepared by dissolving  

10 mg of pure ketoprofen in distilled water of  

100 mL volumetric flask up to the mark. 

Ketoprofen standard solutions of concentration of 

10, 20, 25, 40, 50 and 100 ppm were prepared by 

dilution of the stock solution with distilled water. 

The absorbance of the standard solutions was 

measured on a UV-Vis spectrophotometer 

(Hitachi U-2900) at 300 nm using 10 mm quartz 

quvette. The measurements were carried out at 

300 nm because nicotinamide had no absorbance 

at this wavelength and posed no interference to 

ketoprofen. The resulting calibration curve of 

ketoprofen in distilled water has the linear 

regression equation y= 0.008x+0.007 with square 

correlation coefficient (R
2
) of 0.9999 (Figure 1). 
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Figure 1. Calibration curve of ketoprofen in 

distilled water at = 300 nm. 

 
Solubility test. The sample was tested for 

solubility in distilled water by the shake-flask 

method. An excess sample (about 50 mg) was fed 

into a 250-mL Erlenmeyer flask containing 50 mL 

of distilled water. Erlenmeyer flask was shaken 

using an incubator orbital (Stuart S1600) with a 

stirring speed of 150 rpm and a temperature of 

37±0.5C for 12 hours. In the filtered solutions 

(0.45 µm filters) the ketoprofen concentration was 

determined from the calibration curve. Testing 

was conducted with three repetitions. 

Dissolution test. The dissolution test was 

performed by paddle method using a dissolution 

apparatus (Logan UDT-804) in 900 mL of 

distilled water medium. The sample used was 

equivalent to 50 mg ketoprofen, while the stirring 

rate and the test temperature were 100 rpm and 

37±0.5°C, respectively. At each time interval,  

5 mL of the solution was withdrawn from the 

instrument and replaced by equal volume of 

distilled water. In the filtered solutions (0.45 µm 

filters) the ketoprofen concentration was 

determined from the calibration curve. Testing 

was repeated three times. 

Statistical analysis 

The statistical analysis of obtained data was 

conducted using one way analysis of variant 

(ANOVA) of SPSS version 16.0 for Windows. 

The test average values were considered 

significantly different at p<0.05. 

 

Results and discussion 

Powder X-ray diffraction analysis 

PXRD is a very important method in 

characterization of crystalline properties of solid-

state samples. The formation of the new 

crystalline phase can be confirmed based on the 

unique fingerprint of the diffractogram 19.  

The characteristic diffraction of multicomponent 

crystals is characterized by the appearance  

of new diffraction peaks and the absence  

of some diffraction peaks of individual 

components 20,21. The overlay of powder  

X-ray diffractograms of ketoprofen, nicotinamide 

and ketoprofen-nicotinamide is shown  

in Figure 2. The diffractogram of ketoprofen has 

specific peaks of 2θ at 6.3, 14.3, 18.3,  

and 22.8, while nicotinamide has 2θ specific 

peaks at 14.6, 14.8, 25.8, and 27.4. The 

diffractogram of both materials indicated 

conformity with reports in previous  

studies 14,22,23.  

The diffractogram of ketoprofen-

nicotinamide exhibits new peaks at position  

2θ 18.6° and 26.0°, which were absent in both the 

ketoprofen and the nicotinamide. The  

peaks at positions 11.2° and 27.2° present in the 

individual components were absent in the 

ketoprofen-nicotinamide. The powder  

X-ray diffractogram of ketoprofen-nicotinamide 

showed diffraction peaks different from  

those of the constituents. The diffraction peaks 

of ketoprofen-nicotinamide indicated the  

difference of its crystal lattice compared to  

the individual components. This indicated that  

the ketoprofen-nicotinamide was not a  

mechanical mixture, but had formed a 

multicomponent crystal with new solid crystalline 

phase 21,24. 

DSC analysis 

The DSC curves and the data of the melting 

temperature-enthalpy of fusion (H) are  

shown in Figure 3 and Table 1, respectively.  

The DSC curve of ketoprofen showed a  

single endothermic peak at 96.2C  

(H= 94.8 J/g), while the nicotinamide showed a 

single endothermic peak at 129.9C  

(H= 208.6 J/g). These endothermic peaks  

were attributed to the melting points of the two 

ingredients. The melting points of the  

ketoprofen and nicotinamide are in good 

agreement with literature 22,25. 

One indication of formation of a new 

crystalline phase is the emergence of  

different melting points with the initial 

components 26,27. Ketoprofen-nicotinamide  

has a lower melting point than the melting point 

of both the individual components.  

The DSC curve of ketoprofen-nicotinamide  

has a melting endothermic peak at 72.4C  

(H= 27.6 J/g) markedly different from the 

endothermic melting peak of ketoprofen and 

nicotinamide.  
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Figure 2. Powder X-ray diffractograms of pure ketoprofen (a), nicotinamide (b) and  

ketoprofen-nicotinamide (c). 
 

 
Figure 3. DSC curves of ketoprofen (a), nicotinamide (b) and ketoprofen-nicotinamide (c). 
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Table 1  

Melting temperature and enthalpy of fusion of ketoprofen, nicotinamide and ketoprofen-nicotinamide. 

Samples Melting temperature (C) Enthalpy of fusion (H, J/g) 

Ketoprofen 96.2 94.8 

Nicotinamide 129.9 208.6 

Ketoprofen-nicotinamide 72.4 27.6 

 
 

 

These results indicated that ketoprofen and 

nicotinamide completely transformed into a 

multicomponent crystal as a new crystalline 

phase. In addition, ketoprofen-nicotinamide has a 

single endothermic peak indicated the absence of 

unbound component due to the mixture complete 

transformation into the crystalline phase of the 

multicomponent crystal 28. 

FTIR analysis 

FTIR spectroscopy is a technique 

commonly used to characterize intermolecular 

interactions in multicomponent crystals 

27,29,30. The obtained FTIR spectra of 

ketoprofen, nicotinamide and ketoprofen-

nicotinamide are shown in Figure 4. The FTIR 

spectrum of ketoprofen has absorption peaks at 

2979 and 2938 cm
-1

 (corresponding to a 

carboxylic -O-H stretching), 1695 cm
-1

  

(-C=O acid stretching), 1654 cm
-1

 (-C=O ketone 

stretching) and 1599 and 1451 cm
-1

 (aromatic ring 

-C=C- stretching). This is in agreement with 

previously reported research 23. The  

FTIR spectra of nicotinamide has specific peaks 

at 3363 and 3166 cm
-1

 (-NH2 stretching),  

1676 cm
-1

 (-C=O amide stretching),  

1397 cm
-1

 (-CN stretching), and 1340 cm
-1

 (ring 

stretching), which was also in accordance with 

previous research reports 31. 

The spectra of ketoprofen-nicotinamide 

showed a shift of the absorption peaks compared 

to the spectra of individual components. The shift 

of the absorption peaks occurred in the -O-H and  

-C=C- stretching of ketoprofen (from 1451 cm
-1

 to 

1445 cm
-1

) and -NH2 stretching (from 3166 cm
-1

 

to 3177 cm
-1

), -C=O amide stretching  

(from 1676 to 1695 cm
-1

), -CN stretching (from 

1397 to 1400 cm
-1

) and pyridine ring stretching 

(from 1340 to 1371 cm
-1

) of nicotinamide.  
 

 
 

Figure 4. FTIR spectra of ketoprofen (a), nicotinamide (b) and ketoprofen-nicotinamide (c). 
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The shift of the absorption peaks of 

ketoprofen-nicotinamide indicated the formation 

of intermolecular interactions between ketoprofen 

and nicotinamide. Based on the shift of the 

absorption peaks, ketoprofen and nicotinamide 

formed a multicomponent crystal through 

intermolecular hydrogen bonds and  stacking 

interaction between the-O-H and the aromatic ring 

of ketoprofen with the -NH2, -C=O, -CN, and the 

ring of nicotinamide 29,30,32-34. 

Morphological analysis 

The SEM images of ketoprofen, 

nicotinamide and the ketoprofen-nicotinamide 

multicomponent crystal are presented in Figure 5. 

The morphological changes of individual 

components in the ketoprofen-nicotinamide 

indicated the formation of a multicomponent 

crystal between ketoprofen and nicotinamide 7. 
 

 

 

 
Figure 5. SEM images of ketoprofen (a), 

nicotinamide (b) and ketoprofen-nicotinamide (c). 
 

Solubility assessment  

The solubility of ketoprofen and 

ketoprofen-nicotinamide multicomponent crystal 

in distilled water was 181±15 mg/mL and  

241±21 mg/mL, respectively. The ketoprofen-

nicotinamide multicomponent crystal showed a 

significant increase in solubility (p<0.05)  

of about 1.3 times higher compared to the 

solubility of ketoprofen. The increase of solubility 

of the multicomponent crystal is often associated 

with a decrease of its melting point.  

A multicomponent crystal with a lower melting 

point tends to have higher solubility than the 

initial ingredient 35,36. The DSC  

experiment showed that the ketoprofen-

nicotinamide multicomponent crystal has a 

melting point at 72.46C, which is lower by 24C 

than ketoprofen. So it can be expected that the 

increased solubility of the ketoprofen-

nicotinamide multicomponent crystal may be 

caused by the decrease of the melting point.  

Dissolution behaviour 

The dissolution behaviour of ketoprofen 

and ketoprofen-nicotinamide multicomponent 

crystal in distilled water was shown in Figure 6. 

The amount of ketoprofen released from the 

ketoprofen-nicotinamide multicomponent crystal 

within the first 30 minutes increased rapidly  

and subsequently formed a plateau profile 

indicating a saturation kinetics process 37.  

The multicomponent crystal showed higher 

dissolution rate compared to ketoprofen with a 

cumulative amount released 64±5% at  

60 minutes. The dissolution profile in distilled 

water indicated that the amount of ketoprofen 

released from the ketoprofen-nicotinamide 

multicomponent crystal was higher than the pure 

ketoprofen (only about 56%). 
 

 
Figure 6. Dissolution profile of ketoprofen (a) 

and ketoprofen-nicotinamide (b)  

in distilled water. 
 

Conclusions 
In the present study, the solubility and 

dissolution rate of ketoprofen was improved by 

the multicomponent crystallization approach 

using nicotinamide as a coformer in a 2:1 molar 

ratio. The formation of the multicomponent 

crystal of ketoprofen and nicotinamide was 

confirmed using PXRD, DSC, FTIR, and SEM 

methods. 

The result of solubility and dissolution tests 

showed that the ketoprofen-nicotinamide 
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multicomponent crystal has higher solubility and 

dissolution rate than the pure ketoprofen. The 

multicomponent crystal showed a significant 

increasing in solubility (p<0.05) of about  

1.3 times higher compared to the solubility of 

ketoprofen (241±21 mg/mL and 181±15 mg/mL, 

respectively). The multicomponent crystal 

dissolution was about 64% within 60 minutes; 

however the pure ketoprofen showed a dissolution 

of only about 56% during the same period. 

 

Acknowledgements 

The authors would like to thank DRPM, the 

Ministry of research, technology, and higher 

education of the Republic of Indonesia for the 

research funding through doctoral dissertation 

research grant (Hibah Penelitian Disertasi Doktor) 

decree number 42/E/KPT/2017 under contract 

number 1867/UN25.3.1/LT/2017. The authors 

would also like to thank PT Dexa Medica for 

ketoprofen provision used in the study. 

 
References 

1. Dranca, I.; Povar, I.; Lupascu, T. Pharmaceutical 

amorphous organic materials characterization by 

using the differential scanning calorimetry and 

dynamic mechanical analysis. Chemistry Journal of 

Moldova, 2011, 6(2), pp. 91-95.  

DOI: dx.doi.org/10.19261/cjm.2011.06(2).19  

2. Vioglio, P.C.; Chierotti, M.R.; Gobetto, R. 

Pharmaceutical aspects of salt and cocrystal forms 

of APIs and characterization challenges. Advanced 

Drug Delivery Reviews, 2017, 117, pp. 86-110. 

DOI: https://doi.org/10.1016/j.addr.2017.07.001 

3. Putra, O.D.; Furuishi, T.; Yonemochi, E.;  

Terada, K.; Uekusa, H. Drug-drug multicomponent 

crystals as an effective technique to overcome 

weaknesses in parent drugs. Crystal Growth & 

Design, 2016, 16(7), pp. 3577-3581.  

DOI: 10.1021/acs.cgd.6b00639  

4. Wicaksono, Y.; Wisudyaningsih, B.; Siswoyo, T.A. 

Enhancement of solubility and dissolution rate of 

atorvastatin calcium by co-crystallization. Tropical 

Journal of Pharmaceutical Research, 2017, 16(7), 

pp. 1497-1502.  

DOI: https://dx.doi.org/10.4314/tjpr.v16i7.6  

5. Chadha, R.; Saini, A.; Jain, D.S.; Venugopalan, P. 

Preparation and solid-state characterization of three 

novel multicomponent solid forms of 

oxcarbazepine: improvement in solubility through 

saccharin cocrystal. Crystal Growth & Design, 

2012, 12(8), pp. 4211-4224.  

DOI: 10.1021/cg3007102 

6. Umeda, Y.; Fukami, T.; Furuishi, T.; Suzuki, T.; 

Tanjoh, K.; Tomono, K. Characterization of 

multicomponent crystal formed between 

indomethacin and lidocaine. Drug Development 

and Industrial Pharmacy, 2009, 35(7), pp. 843-851. 

DOI: https://doi.org/10.1080/03639040802660489 

7. Ainurofiq, A.; Mauludin, R.; Mudhakir, D.; 

Soewandhi, S.N. Synthesis, characterization, and 

stability study of desloratadine multicomponent 

crystal formation. Research in Pharmaceutical 

Sciences, 2018, 13(2), pp. 93-102.  

DOI: http://doi.org/10.4103/1735-5362.223775  

8. Boldyreva, E.V. Multicomponent organic crystals 

at high pressures. Zeitschrift für Kristallographie. 

2014, 229(3), pp. 236-245.  

DOI: https://doi.org/10.1515/zkri-2013-1699  

9. Shohin, I.E.; Kulinich, J.I.; Ramenskaya, G.V.; 

Abrahamsson, B.; Kopp, S.; Langguth, P.;  

Polli, J.E.;Shah, V.P.; Groot, D.W.; Barends, D.M.; 

Dressman, J.B. Biowaiver monographs for 

immediate-release solid oral dosage forms : 

Ketoprofen. ‎Journal of Pharmaceutical Sciences, 

2012, 101(10), pp. 3593-3603.  

DOI: https://doi.org/10.1002/jps.23233  

10. Rençber, S.; Karavana S.Y.; Özyazici, M. 

Bioavailability file: Ketoprofen. FABAD Journal of 

Pharmaceutical Sciences, 2009, 34(4), pp. 203-216. 

http://dergi.fabad.org.tr/tr/2009-volume-34-issue-4/ 

11. Hildebrand, G.E.; Muller-Goymann, C.C. 

Ketoprofen sodium: Preparation and its formation 

of mixed crystals with ketoprofen . ‎Journal of 

Pharmaceutical Sciences, 1997, 86(7), pp. 854-857. 

DOI: https://doi.org/10.1021/js960278i 

12. Dixit, M.; Kulkarni, P.K.; Gowtham, V.; 

Shivakumar, H.G. Preparation and characterization 

of spray dried microparticle and chilled spray  

dried particle of ketoprofen by spray drying  

method. Asian Journal of Pharmaceutical and 

Clinical Research, 2011, 4(1), pp. 138-142. 

https://innovareacademics.in/journal/ajpcr/  

13. Sherikar, A. Improvement of physicochemical 

characteristics and dissolution profile of poorly 

water soluble drug: ketoprofen by solid dispersion 

technique. International Journal of Research in 

Pharmaceutical Sciences, 2010, 1(4), pp. 450-453. 

https://www.pharmascope.org/index.php/ijrps/articl

e/view/558 

14. Dixit, M.; Kulkarni, P.K.; Vaghela, R.S. Effect  

of different crystallization techniques on the 

dissolution behavior of ketoprofen. Tropical Journal 

of Pharmaceutical Research, 2013, 12(3),  

pp. 317-322.  

DOI: http://dx.doi.org/10.4314/tjpr.v12i3.7 

15. Ando, S.; Kikuchi, J.; Fujimura, Y.; Ida, Y.; 

Higashi, K.; Moribe, K.; Yamamoto, K. 

Physicochemical characterization and structural 

evaluation of a specific 2:1 cocrystal of naproxen-

nicotinamide. Journal of Pharmaceutical Sciences, 

2012, 101(9), pp. 321-3221.  

DOI: https://doi.org/10.1002/jps.23158 

16. Berry, D.J.; Seaton, C.C.; Clegg, W.;  

Harrington, R.W.; Coles, S.J.; Horton, P.N.; 

Hursthouse, M.B.; Storey, R.; Jones, W.;  

Friscic, T.; Blagden, N. Applying hot-stage 

microscopy to co-crystal screening: A study of 

nicotinamide with seven active pharmaceutical 

ingredients. Crystal Growth & Design, 2008, 8(5), 

pp. 1697-1712. DOI: 10.1021/cg800035w 

80 

https://doi.org/10.19261/cjm.2011.06(2).19
https://doi.org/10.1016/j.addr.2017.07.001
https://pubs.acs.org/doi/10.1021/acs.cgd.6b00639
https://dx.doi.org/10.4314/tjpr.v16i7.6
https://pubs.acs.org/doi/10.1021/cg3007102
https://doi.org/10.1080/03639040802660489
http://doi.org/10.4103/1735-5362.223775
https://doi.org/10.1515/zkri-2013-1699
https://doi.org/10.1002/jps.23233
http://dergi.fabad.org.tr/tr/2009-volume-34-issue-4/
https://doi.org/10.1021/js960278i
https://innovareacademics.in/journal/ajpcr/Vol4Issue1.htm
https://www.pharmascope.org/index.php/ijrps/article/view/558
https://www.pharmascope.org/index.php/ijrps/article/view/558
http://dx.doi.org/10.4314/tjpr.v12i3.7
https://doi.org/10.1002/jps.23158
https://pubs.acs.org/doi/abs/10.1021/cg800035w


Y. Wicaksono et al. / Chem. J. Mold., 2018, 13(2), 74-81 

 

17. Neurohr, C.; Marchivie, M.; Lecomte, S.; Cartigny, 

Y.; Couvrat, N.; Sanselme, M.; Subra-Paternault, P. 

Naproxen–nicotinamide cocrystals: Racemic and 

conglomerate structures generated by CO2 

antisolvent crystallization. Crystal Growth & 

Design, 2015, 15(9), pp. 4616-4626.  

DOI: 10.1021/acs.cgd.5b00876 

18. Blagden, N.; Coles, S.J.; Berry, D.J. 

Pharmaceutical co-crystals - Are we there yet? 

CrystEngComm, 2014, 16(26), pp. 5753-5761. 

DOI: 10.1039/C4CE00127C 

19. Padrela, L.; de Azevedo, E.G.; Velaga, S.P. Powder 

X-ray diffraction method for the quantification  

of cocrystals in the crystallization mixture.  

Drug Development and Industrial Pharmacy,  

2012, 38(8), pp. 923-929. DOI: 

https://doi.org/10.3109/03639045.2011.633263 

20. Hasa, D.; Miniussi, E.; Jones, W. Mechanochemical 

synthesis of multicomponent crystals: One liquid 

for one polymorph? A myth to dispel. Crystal 

Growth & Design, 2016, 16(8), pp. 4582-4588. 

DOI: https://doi.org/10.1021/acs.cgd.6b00682 

21. Chadha, R.; Bhalla, Y.; Nandan, A.; Chadha, K.; 

Karan, M. Chrysin cocrystals: Characterization and 

evaluation. Journal of Pharmaceutical and 

Biomedical Analysis, 2017, 134, pp. 361-371.  

DOI: https://doi.org/10.1016/j.jpba.2016.10.020 

22. Patil, S.P.; Modi, S.R.; Bansal, A.K. Generation of 

1:1 carbamazepine: nicotinamide cocrystals by 

spray drying . ‎European Journal of Pharmaceutical 

Sciences, 2014, 62, pp. 251-257.  

DOI: https://doi.org/10.1016/j.ejps.2014.06.001 

23. Yadav, P.S.; Kumar, V.; Singh, U.P.; Bhat, H.R.; 

Mazumder, B. Physicochemical characterization 

and in vitro dissolution studies of solid dispersions 

of ketoprofen with PVP K30 and D-mannitol. Saudi 

Pharmaceutical Journal, 2013, 21(1), pp. 77-84. 

DOI: https://doi.org/10.1016/j.jsps.2011.12.007 

24. Sangeetha, M.; Mathammal, R. Establishment of 

the structural and enhanced physicochemical 

properties of the cocrystal-2-benzyl amino  

pyridine with oxalic acid. Journal of Molecular 

Structure, 2017, 1143, pp. 192-203. DOI: 

https://doi.org/10.1016/j.molstruc.2017.04.085 

25. Wicaksono, Y.; Setyawan, D.; Siswandono, S. 

Formation of ketoprofen-malonic acid cocrystal by 

solvent evaporation method. Indonesian Journal of 

Chemistry, 2017, 17(2), pp. 161-166.  

DOI: https://doi.org/10.22146/ijc.24884 

26. Qiao, N.; Li, M.; Schlindwein, W.; Malek, N.; 

Davies, A.; Trappitt, G. Pharmaceutical cocrystals: 

An overview. International Journal of 

Pharmaceutics, 2011, 419(1-2), pp. 1-11. DOI: 

https://doi.org/10.1016/j.ijpharm.2011.07.037 

27. Gao, Y.; Gao, J.; Liu, Z.; Kan, H.; Zu, H.; Sun, W.; 

Zhang, J.; Qian, S. Coformer selection based on 

degradation pathway of drugs: A case  

study of adefovir dipivoxil–saccharin and  

adefovir dipivoxil–nicotinamide cocrystals. 

International Journal of Pharmaceutics,  

2012, 438(1-2), pp. 327-335. DOI: 

http://dx.doi.org/10.1016/j.ijpharm.2012.09.027 

28. Manin, A.N.; Voronin, A.P.; Drozd, K.V.; Manin, 

N.G.; Bauer-Brandl, A.; Perlovich, G.L. Cocrystal 

screening of hydroxybenzamides with benzoic acid 

derivatives: A comparative study of thermal and 

solution-based methods . ‎European Journal of 

Pharmaceutical Sciences, 2014, 65, pp. 56-64.  

DOI: https://doi.org/10.1016/j.ejps.2014.09.003 

29. Chadha, R.; Bhandari, S.; Haneef, J.; Khullar, S.; 

Mandal, S. Cocrystals of telmisartan: 

characterization, structure elucidation, in vivo and 

toxicity studies. CrystEngComm, 2014, 16(36),  

pp. 8375-8389.  

DOI: http://dx.doi.org/10.1039/c4ce00797b 

30. Hong, C.; Xie, Y.; Yao, Y.; Li, G.; Yuan, X.;  

Shen, H. A novel strategy for pharmaceutical 

cocrystal generation without knowledge of 

stoichiometric ratio: Myricetin cocrystals and a 

ternary phase diagram. Pharmaceutical Research, 

2015, 32(1), pp. 47-60.  

DOI: https://doi.org/10.1007/s11095-014-1443-y 

31. Rahman, Z.; Agarabi, C.; Zidan, A.S.; Khan, S.R.; 

Khan, M.A. Physico-mechanical and stability 

evaluation of carbamazepine cocrystal with 

nicotinamide. AAPS PharmSciTech, 2011, 12(2), 

pp. 693-704.  

DOI:https://doi.org/10.1208/s12249-011-9603-4 

32. Masuda, T.; Yoshihashi, Y.; Yonemochi, E.;  

Fujii, K.; Uekusa, H.; Terada, K. Cocrystallization 

and amorphization induced by drug–excipient 

interaction improves the physical properties of 

acyclovir. International Journal of Pharmaceutics, 

2012, 422(1-2), pp. 160-169.  

DOI: https://doi.org/10.1016/j.ijpharm.2011.10.046 

33. Sowa, M.; Slepokura, K.; Matczak-Jon, E. Solid-

state characterization and solubility of a genistein–

caffeine cocrystal. Journal of Molecular  

Structure, 2014, 1076, pp. 80-88. DOI: 

https://dx.doi.org/10.1016/j.molstruc.2014.07.036 

34. Saha, S.; Rajput, L.; Joseph, S.; Mishra, M.K.; 

Ganguly, S.; Desiraju, G.R. IR spectroscopy as a 

probe for C–H⋯X hydrogen bonded 

supramolecular synthons. CrystEngComm, 2015, 

17(6), pp.1273-1290.  

DOI: http://dx.doi.org/10.1039/C4CE02034K 

35. Parmar, V.K.; Shah, S.A. Hydrochloride  

salt co-crystals: preparation, characterization  

and physicochemical studies. Pharmaceutical 

Development and Technology, 2013, 18(2),  

pp. 443-453. DOI: https://doi.org/10.3109/ 

10837450.2012.696270 

36. Mulye, S.P.; Jamadar, S.A.; Karekar, P.S.;  

Pore, Y.V.; Dhawale, S.C. Improvement in 

physicochemical properties of ezetimibe using a 

crystal engineering technique. Powder Technology, 

2012, 222, pp. 131-138. DOI: 

https://doi.org/10.1016/j.powtec.2012.02.020 

37. Bolla, G.; Sanphui, P.; Nangia, A. Solubility 

advantage of tenoxicam phenolic cocrystals 

compared to salts. Crystal Growth & Design, 2013, 

13(5), pp. 1988-2003.  

DOI: http://dx.doi.org/10.1021/cg4000457 

 

81 

https://pubs.acs.org/doi/10.1021/acs.cgd.5b00876
http://pubs.rsc.org/en/Content/ArticleLanding/2014/CE/C4CE00127C#!divAbstract
https://doi.org/10.3109/03639045.2011.633263
https://doi.org/10.1021/acs.cgd.6b00682
https://doi.org/10.1016/j.jpba.2016.10.020
https://doi.org/10.1016/j.ejps.2014.06.001
https://doi.org/10.1016/j.jsps.2011.12.007
https://doi.org/10.1016/j.molstruc.2017.04.085
https://doi.org/10.22146/ijc.24884
https://doi.org/10.1016/j.ijpharm.2011.07.037
http://dx.doi.org/10.1016/j.ijpharm.2012.09.027
https://doi.org/10.1016/j.ejps.2014.09.003
http://dx.doi.org/10.1039/c4ce00797b
https://doi.org/10.1007/s11095-014-1443-y
https://doi.org/10.1208/s12249-011-9603-4
https://doi.org/10.1016/j.ijpharm.2011.10.046
https://dx.doi.org/10.1016/j.molstruc.2014.07.036
http://dx.doi.org/10.1039/C4CE02034K
https://doi.org/10.3109/10837450.2012.696270
https://doi.org/10.3109/10837450.2012.696270
https://doi.org/10.1016/j.powtec.2012.02.020
http://dx.doi.org/10.1021/cg4000457

