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Abstract
Novel pharmaceutical polymers named Povacoat and Soluplus were used to investigate whether both polymers 

could influence the co-crystal formation between indomethacin (IMC) and nicotinamide (NIC) or the solid-state 
characterization of IMC-NIC mixture after co-grinding or solvent evaporation. Different weight ratios of Povacoat 
or Soluplus to IMC-NIC (molar ratio = 1:1) were respectively co-ground or dissolved in different solvents via ultra-
sonication, and then co-evaporated under a hood at ambient temperature. All the samples were determined by 
thermo analytical and FTIR spectroscopic studies. The results indicate that Povacoat or Soluplus added did not 
induce any interaction among Povacoat or Soluplus, IMC and NIC after co-grinding process. It is also found that 
Povacoat did not induce the IMC-NIC co-crystal formation but only caused the amorphous formation of IMC in the 
Povacoat/IMC-NIC evaporates prepared by 4:1 (w/w) weight ratio of Povacoat to IMC:NIC (1:1 molar ratio) with final 
volume ratio of 1:9 (v/v) water to ethanol via ultrasonication and evaporation. On the other hand, the Soluplus/IMC-
NIC evaporates after co-evaporation from acetone solution exhibited either IMC-NIC co-crystal or amorphous IMC 
formation, which was dependent on the amounts of Soluplus added. The former IMC-NIC co-crystal was prepared 
in the formulations with less amount of Soluplus, implies that Soluplus did not interfere the IMC-NIC co-crystal 
formation after co-evaporation. While a large amount of Soluplus added might directly interrupt the IMC-NIC co-
crystal formation but cause the amorphous IMC formed in the Soluplus solid dispersion. 
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Introduction
Recently, the co-crystal researches have been extensively increased 

by an exponential rise in the number of research publications and 
patent applications in pharmaceutical fields over the last decade [1-
3]. Pharmaceutical co-crystals consist of an active pharmaceutical 
ingredient (API) (host) and a pharmaceutically acceptable co-former 
(guest) in a crystal lattice with a defined stoichiometry through non-
covalent interactions such as hydrogen bonds, aromatic π-stacking, or 
van der Waals forces [4-8], in which the hydrogen bonding is one of the 
most important interactions to form the co-crystals. Pharmaceutical 
co-crystals not only provide new opportunities to enhance the 
physicochemical properties, dissolution rate, and bioavailability 
of APIs, but also create new opportunities for the pharmaceutical 
companies to address the intellectual property and new patent of APIs 
for extending their life cycle [1,4-9]. 

In April 2013, the US FDA has issued guidance for industry 
regarding “Regulatory Classification of Pharmaceutical Co-Crystals”, 
including the classification of a pharmaceutical co-crystal as a “drug 
product intermediate” [10]. This regulation can have a big impact on 
the application of co-crystals in the pharmaceutical industry paving 
the way to the use of co-crystals of APIs for new chemical entities 
and generic products. This guidance provides applicants of NDAs 
and ANDAs with FDA’s thinking on the appropriate regulatory 
classification of pharmaceutical co-crystal solid-state forms. FDA 
declares that sponsors of both NDAs and ANDAs should submit data 
to FDA showing that the API and co-former in the co-crystal form 
exist in their neutral states and interact via nonionic interactions. This 
suggests that the pharmaceutical co-crystal may be one of the coming 
waves of new drug substances [9,11-13]. 

Since co-crystals are held together by weak interactions between 
API and co-former in a crystal lattice [14,15], it is easily dissociated 
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to original API by external factors such as temperature, humidity, 
pH, excipients and etc. [5,14-17]. Thus the stability of co-crystal 
should be carefully paid attention prior to considering it as a viable 
alternative solid form. Therefore, how to maintain the solubility 
and stability of an intact co-crystal form in the in vitro dissolution 
medium or in vivo gastrointestinal tract is of the utmost importance 
and gives an interesting challenge for pharmaceutical investigations 
[1-9,18-20]. The application of super saturation approaches has been 
practically applied in the formulation design of pharmaceutical co-
crystals to not only prevent the precipitation and/or recrystallization 
of poorly water-soluble drug from the formulation but also maintain 
a higher aqueous solubility of this drug in the dissolution medium or 
in the gastrointestinal tract [21-24]. This strongly suggests that a high 
molecular weight water-soluble polymer may be applied to the co-
crystal formulation to prevent dissociation; recrystallization and/or 
precipitation of API from co-crystal, resulting in possible long-term 
supersaturated concentration of API in the solution to enhance the 
aqueous solubility and oral absorption of co-crystal formulations.

Indomethacin (IMC) is a typical BCS class II drug with poorly 
water-soluble property and has been chosen as a model drug in 
numerous studies of co-crystal formation to improve the solubility 
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of IMC [25-34]. In our previous studies, IMC-saccharin (SAC) and 
IMC-nicotinamide (NIC) co-crystals via intermolecular hydrogen 
bonding had been successfully prepared using solvent evaporation, 
neat grinding process, or thermal stress in the solid or liquid state 
[30,33,35-36]. Since these IMC co-crystals were only formed via weak 
force of hydrogen bonding between IMC and co-former, it is possible 
to transform from the high-soluble IMC co-crystals to the low-soluble 
IMC in the dissolution medium or in the gastrointestinal tract, leading 
to the loss of the merits of co-crystals. 

Two novel pharmaceutical water-soluble polymers with high 
molecular weight named as Povacoat and Soluplus, have been recently 
developed and successfully marketed in the pharmaceutical industry for 
prolonging the supersaturable drug concentration from the amorphous 
solid dispersions [37-46]. Soluplus is a new polymer prepared from 
polyvinyl caprolactam-polyvinyl acetate-polyethylene glycol graft 
copolymer with amphiphilic properties for preparing solid dispersions 
of poorly water-soluble drugs by hot-melt extrusion technology [37-
39]. Due to the bifunctional character of Soluplus, it is able to act as a 
matrix polymer for solid dispersions and also capable of solubilizing 
drugs in aqueous media to sustain super saturation behavior of the 
poorly water-soluble drugs [39,47]. Povacoat (polyvinyl alcohol/acrylic 
acid/methyl methacrylate copolymer) is another novel pharmaceutical 
excipient, which is supplied as Type R with the molecular weight of 
200,000 and Type F with the molecular weight of 40,000. Type R is 
being applied to hard capsule material and Type F is being done as a 
material for film coating, wet granulation binder and solid dispersion 
matrix, etc. [40,42,48,49].

In the present study, Povacoat and Soluplus have been selected 
to preliminarily investigate whether both polymers could influence 
the co-crystal formation between IMC and NIC or the solid-state 
characterization of IMC-NIC co-crystal formed. 

Materials and Methods
Materials

Povacoat® (Type F, MW = 40, 000) and Soluplus® were kindly 
supplied by Daido Chemical Co. (Osaka, Japan) and BASF Co., 
Ltd. (Ludwigshafen, Germany), respectively. Indomethacin (IMC, 
γ-form) and nicotinamide (NIC) were purchased from Sigma-Aldrich 
Chem. Co. (St. Louis, MO, USA) and identified by infrared micro 
spectroscopy. The chemical structures of Povacoat, Soluplus, IMC and 
NIC are shown in Figure 1. All organic solvents used were reagent 
grade. Potassium bromide (KBr) crystals were bought from Jasco Co. 
(Tokyo, Japan). 

Preparation of different samples by melting each raw material 
at prescribed temperature and cooling at room temperature 

Amorphous IMC was prepared by melting the γ-IMC at 165°C 
under nitrogen atmosphere using differential scanning calorimetry 
(DSC, Q 20, TA Instruments, Inc., New Castle, DE, USA) and 
maintaining in isothermal condition for 3 min, and then cooling the 
molten sample at room temperature [50-52]. The other samples such as 
NIC, Povacoat and Soluplus were separately preheated to 133, 150 and 
200ºC under nitrogen atmosphere using DSC, and kept in isothermal 
condition for 3 min. The samples were being cooled from the melt at 
room temperature. All the samples were vacuum-dried and stored in a 
desiccator filled with anhydrous calcium chloride. 

Preparation of IMC-NIC co-crystals by a solvent evaporation 
method

The IMC-NIC co-crystals were prepared by evaporation of an ethyl 
acetate solution containing a 1:1 molar ratio of γ-IMC and NIC in a 
water bath at 50°C, as modified from the previous reports [33,53]. After 
complete evaporation of the solvent, the co-precipitates were vacuum-
dried for 24 hr and stored at 25°C for further examination. 

Preparation of Povacoat/IMC-NIC or Soluplus/IMC-NIC 
ground mixture by neat co-grinding 

Different weight ratios of Povacoat or Soluplus to IMC-NIC (molar 
ratio = 1:1) were respectively ground by co-grinding the components 
in a mortar with pestle for 10 min at room temperature. All the ground 
samples were vacuum-dried for 24 hr and stored at 25°C for further 
examinations.

Preparation of Povacoat/IMC-NIC or Soluplus/IMC-NIC 
evaporates 

Two weight ratios (2:1 and 4:1, w/w) of Povacoat to IMC-NIC 
(molar ratio = 1:1) were prepared by separately dissolving Povacoat 
in water and IMC-NIC in ethanol, and then poured Povacoat aqueous 
solution into IMC-NIC ethanol solution via ultra-sonication for 3 
minutes, and then co-evaporated under a hood at ambient temperature. 
Two final volume ratios of water to ethanol (1:9 or 2:8, v/v) were selected 
for Povacoat/IMC-NIC system. Different weight ratios (0.1:1 ~ 0.8:1, 
w/w) of Soluplus to the same molar ratio of IMC and NIC were co-
dissolved in acetone by ultra-sonication for 3 minutes, and then co-
evaporated under a hood at ambient temperature. After the solvent had 
been completely evaporated, all the samples were vacuum-dried for 24 
h and stored at 25°C for further examinations.

Identification and characterization of different samples

Each sample was respectively analyzed by DSC (DSC, Q 20, TA 
Instruments, Inc., New Castle, DE, USA) from 30°C to 200°C at 3°C/
min with an open pan system in a stream of N2 gas. The instrument 
was calibrated for temperature and heat flow using indium as a 
standard. Moreover, a trace amount of sample was sealed inside two 
KBr pellets (without any grinding process with KBr powders) by 
direct compression with an IR spectrophotometric hydraulic press 
(Riken Seiki Co., Tokyo, Japan) at 400 kg/cm2 for 15s. The compressed 
KBr disc was examined by transmission FTIR microspectroscopy 
(IRT-5000-16/FTIR-6200, Jasco Co., Tokyo, Japan) with a mercury-
cadmium telluride (MCT) detector. All FTIR spectra were generated by 
compiling a series of 256 interferograms collected at 4 cm−1 resolutions 
and at 100 scans [27,34,36]. All analyses were performed in triplicate.

Results and Discussion 
Identification of different raw materials, the melt-cooled 
samples and co-crystals

The DSC curves and FTIR spectra of raw materials of (a) γ-IMC, (c) 
NIC, (e) Povacoat, (g) Soluplus, and the melt-cooled samples including 
(b) amorphous IMC, (d) NIC, (f) Povacoat, (h) Soluplus, and (i) IMC-
NIC co-crystal, are shown in Figure 2. In the studies of DSC curves for 
different samples, an endothermic peak at 161ºC was attributed to the 
fusion of γ-IMC (Figure 2A-a). While one exothermic peak at 118ºC 
and three endothermic peaks at 44, 156 and 161ºC were observed in 
the DSC curve of the amorphous IMC (Figure 2A-b). The exothermic 
peak at 118ºC was due to the recrystallization of the amorphous IMC 
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after passing through the glass transition temperature (Tg) at 44ºC and 
another two endothermic peaks at 156ºC and 161ºC were respectively 
corresponded to the fusion of α-IMC and γ-IMC [50-52]. This indicates 
that the amorphous IMC first exhibited an endothermic relaxation peak 
near at 44ºC, and then accompanied by exothermic recrystallization, 
and followed by transformation into α-IMC and less often into γ-IMC. 
One endothermic peak at 131 or 132ºC was respectively observed in 
the DSC curve of the raw material and the melt-cooled of NIC (Figure 
2A-c~d), corresponded to the fusion of NIC, suggesting there was no 
change for NIC after melting and cooling process. It has been reported 
that NIC possessed four polymorphic forms, and the melting points 
of Forms I, II, III, and IV are 124–134, 112–117, 107–111, and 102ºC, 
respectively [54]. The appearance of endothermic peak at 131ºC 
indicates that the stable Form I of NIC was used in the present study. 

While Povacoat exhibited two inconspicuous broad endothermic 
peaks near at 82 and 197ºC (Figure 2A-e), the former was due to the 
glass transition temperature of Povacoat [40,48-49] and the letter might 
be attributed to the cyclic anhydride formation via intramolecular ester 
condensation in the Povacoat structure in the DSC heating process 
[55]. Two unobvious broad endothermic peaks at 78 and 198ºC were 
also observed for the melt-cooled Povacoat (Figure 2A-f). On the other 
hand, one inconspicuous broad endothermic peak was also separately 
found in the DSC curve of the raw material and the melt-cooled 
Soluplus (Figure 2A-g~h). There were no alterations for both Povacoat 
and Soluplus before and after thermal treatment. Whereas the co-
precipitate of IMC and NIC displayed a clear sharp endothermic peak 
at 126ºC (Figure 2A-i), which was close to the melting point at 128ºC 
of IMC-NIC co-crystals reported by our previous study and Kojima’s 
report [33,56]. 

In the studies of FTIR spectra for different samples, their FTIR 
spectra are also displayed in Figure 2B. The main absorption peaks 
and their assignments in the FTIR spectra of γ-IMC are 1717 cm-1 
[ν(C=O) of carboxylic acid dimer], 1691 cm-1 [benzoyl ν(C=O)], 
1625–1570 and 1480 cm-1 (C=C of aromatic rings), 1308 cm-1 (C–O 
of acidic group), 1270–1200 cm-1 (-C-O stretching, ether group), 1068 
cm-1 (C–Cl) [50,51,57,58] (Figure 2B-a). While the amorphous IMC 
exhibits a unique FTIR spectrum including a shoulder at 1735 cm-1 
[non-hydrogen bonded acid ν(C=O)], 1710 cm-1 [asymmetric acid 
ν(C=O) of a cyclic dimer], 1682 cm-1 [benzoyl v(C=O)], 1593 cm-1 

[ring vibration of indole] (Figure 2B-b), which was in agreement with 
the reported IR spectrum of amorphous IMC [50-51,57-58]. It is also 
found that the band at 1717 cm-1 due to asymmetric acid ν(C=O) of 
a cyclic dimer for crystalline γ-IMC was shifted to a lower frequency 
of about 1710 cm-1, implying that the dimers formation was also 
presented in the amorphous state of IMC [51,58]. In addition, the main 
absorption peaks and their assignments in the FTIR spectra of NIC are 
1680 cm-1 [ν(C=O)] with a shoulder at 1698 cm-1, 1618 cm-1 [δ(NH2)], 
1594-1422 cm-1 [pyridine ring stretching], 1396 cm-1 [ν(C-N)], 1201 
cm-1 [ν(C-C)], and 1029 cm-1 (ring deformation vibration) [59-60]. The 
melt-cooled NIC sample also exhibited the same FTIR spectral pattern 
as that of raw material of NIC (Figure 2B-c~d). 

On the other hand, the FTIR spectrum of the raw material and the 
melt-cooled Povacoat indicated several specific peaks at 1730 (1728) 
cm-1 (C=O stretching), 1437 cm-1 (C-H bending), 1265 and 1249 cm-1 

(C-O stretching), 1200–1000 cm-1 (C-O stretching in C-O-H groups 
and COC groups) and 843 cm-1 (C-H rocking mode) [56,61,62] (Figure 
2B-e~f). The same FTIR spectra for the raw material and the melt-cooled 
Soluplus were also observed, in which the main absorption peaks and 
their assignments are 1735 cm-1 [ester carbonyl stretching]; 1638 cm-1 
[tertiary amide C=O stretching]; 1476 cm-1 [C-O-C stretching]; 1439 
cm-1 [CH3 bending]; 1240 and 1109 (1111) cm-1 [ester C–O stretching], 
respectively [57,63-64]. There was no any change in the FTIR spectra 
for both Soluplus samples before and after thermal treatment (Figure 
2B-g~h). 

Several unique IR absorption peaks at 1663, 1621, 1483, 1467, 1442, 
1362, 1324, 1289, 1231, 1178, 1147, 1072, 1035, 914, and 843 cm−1 were 
observed in the IR spectrum of the solvent-evaporated sample of IMC-
NIC (Figure 2B-i). The appearance of these new IR peaks was due to 
co-crystal formation via the intermolecular interaction between IMC 
and NIC, which was almost consistent with that of the IR spectrum 
of IMC-NIC co-crystals [29,33]. From the results of FTIR and DSC 
studies, it is evident that the solvent-evaporated IMC-NIC sample was 
confirmed to be as an IMC-NIC co-crystal.

Co-grinding effect on the Povacoat/IMC-NIC or Soluplus/
IMC-NIC physical mixture

Figure 3 displays the DSC curves and FTIR spectra of the ground 
mixture of Povacoat and IMC-NIC (molar ratio=1:1) with different 
weight ratios (1:1 ~ 4:1, w/w). A physical mixture of IMC and NIC 
without adding Povacoat was also shown in Figure 3-a, in which an 
endothermic peak at 110ºC was observed in the DSC curve of the 
physical mixture of IMC-NIC. This endothermic peak might be due to 
the fusion of the eutectic mixture between IMC and NIC [65-67]. The 
FTIR spectrum for this IMC-NIC physical mixture was superimposed 
by the FTIR spectra of IMC and NIC. Once co-grinding process was 
applied to the IMC-NIC physical mixture in the absence of Povacoat, 
the IMC-NIC ground mixture exhibited an endothermic peak at 
104ºC shifted from 110ºC (Figure 3-b). However, the FTIR spectrum 
of this IMC-NIC ground mixture was still superimposed by the FTIR 
spectra of IMC and NIC, suggesting that there was no interaction 
occurred between IMC and NIC by mechanical grinding. This result 
was consistent with our previous study, in which the IMC-NIC ground 
mixture exhibited similar FTIR spectra even co-grinding for 40 min 
[33]. With the increase of the weight ratios of Povacoat to IMC-NIC 
(molar ratio = 1:1) from 1:1 (w/w) to 4:1 (w/w), an endothermic peak 
was always maintained at 103-104ºC in the DSC curve of each ground 
mixture. In addition, their FTIR spectra were also superimposed by the 
FTIR spectra of Povacoat (1734 cm-1), IMC (1719, 1691, 1591 cm-1) and 

 

Figure 1: The chemical structures of (a) Povacoat, (b) Soluplus, (c) 
Indomethacin and (d) Nicotinamide.
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weight ratios (0.1:1 to 0.8:1, w/w) of Soluplus to IMC-NIC (molar ratio 
= 1:1) physical mixtures, their endothermic peaks were still kept at 
101ºC in these ground mixtures but their enthalpies became smaller 
due to grinding impact. Their FTIR spectra were also superimposed by 
the FTIR spectra of Povacoat (1732 cm-1), IMC (1717, 1690, 1590~1592 
cm-1) and NIC (1618-1619 cm-1) (Figure 4-b~e). This strongly implies 
that there was no any interaction occurred among Soluplus, IMC and 
NIC induced by neat co-grinding process and Soluplus added.

Effect of Povacoat or Soluplus on the possible co-crystal 
formation between IMC and NIC after solvent evaporation 

The effect of Povacoat on the DSC curves and FTIR spectra of IMC-
NIC (molar ratio = 1:1) physical mixture after solvent evaporation is 
shown in Figure 5. Since Povacoat was only soluble in water or < 30% 
ethanolic aqueous solution [40], different amounts of Povacoat in 
aqueous solution was previously dissolved and added into the dissolved 
IMC-NIC (molar ratio = 1:1) ethanolic solution by ultrasonication 
for 3 minutes, and then co-evaporated under a hood at ambient 
temperature. The final volume ratio (1:9 or 2:8, v/v) of water to ethanol 
were obtained. It clearly indicates that except the Povacoat/IMC-NIC 
evaporated sample prepared by 4:1 (w/w) weight ratio of Povacoat to 
IMC-NIC (molar ratio = 1:1) and volume ratio of 1:9 (v/v) water to 
ethanol, all the FTIR spectra for other samples were superimposed by 
three components, Povacoat (1732-1733 cm-1), IMC (1719, 1689 ~ 1691 
cm-1) and NIC (1680-1681 cm-1). The Povacoat/IMC-NIC evaporated 
sample prepared by 4:1 (w/w) weight ratio of Povacoat to IMC:NIC 
(1:1 molar ratio) and volume ratio of 1:9 (v/v) water to ethanol via 
ultra-sonication exhibited different DSC curve and FTIR spectrum, as 
shown in Figure 5-b. Two unobvious broad endothermic peaks at 86 
and 191ºC were observed in the DSC curve for this sample, the former 
peak was attributed to the glass transition temperature of Povacoat 
and the latter peak might be due to the cyclic anhydride formation 
via intramolecular ester condensation in the Povacoat structure by 
DSC heating process [48,55]. The FTIR spectrum of this sample was 
superimposed by Povacoat (1732 cm-1), amorphous IMC (1710, 1681 
cm-1), and NIC (1681 cm-1). This indicates that Povacoat did not induce 
the IMC-NIC co-crystal formation but only caused the amorphous 
formation of IMC under a definite preparation condition. 

Figure 6 reveals that the effect of Soluplus on the DSC curves 
and FTIR spectra of IMC-NIC (molar ratio = 1:1) physical mixture 
after solvent evaporation. Three components of Soluplus and the 
same molar ratio of IMC-NIC were co-dissolved in acetone and 
then evaporated under a hood at ambient temperature; different DSC 
curve and FTIR spectra were obtained. In the absence of Soluplus, the 
sample exhibited a clear sharp endothermic peak at 126ºC and several 
unique FTIR peaks at 1679, 1663, 1621 cm-1, which was corresponded 
to the IMC-NIC co-crystal, suggesting that acetone might be used to 
prepare IMC-NIC co-crystal after solvent evaporation. By increasing 
the amount of Soluplus in the Soluplus/IMC-NIC mixture (0.1:1 and 
0.2:1, w/w), their DSC endothermic peaks were slightly shifted from 
126 to 125 and 124ºC but the FTIR spectra were superimposed by the 
FTIR spectra of Soluplus and IMC-NIC co-crystal. When the amount 
of Soluplus was enhanced from 0.4:1 ~ 0.8:1 (w/w), however, there 
was no any endothermic peak observed in the DSC curves. Moreover, 
their FTIR spectra of these samples were markedly different from that 
of the previous samples prepared by a less amount of Soluplus in the 
Soluplus/IMC-NIC evaporates. The FTIR spectra of the Soluplus/

Figure 2: DSC curves and FTIR spectra of raw materials of (a) γ-IMC, (c) 
NIC, (e) Povacoat, (g) Soluplus, and the melt-cooled samples including (b) 
amorphous IMC, (d) NIC, (f) Povacoat, (h) Soluplus, and (i) IMC-NIC co-
crystal.

 

Figure 3: DSC curves and FTIR spectra of the ground mixture of Povacoat and 
IMC-NIC (molar ratio=1:1) with different weight ratios. 
Key: a) IMC-NIC physical mixture without co-grinding; Ground mixture (b~e): 
b) IMC-NIC physical mixture; c) 1:1 (w/w) weight ratio of Povacoat: IMC-NIC 
mixture; d) 2:1 (w/w) weight ratio of Povacoat: IMC-NIC mixture; e) 4:1 (w/w) 
weight ratio of Povacoat: IMC-NIC mixture.

NIC (1617-1615 cm-1). This suggests that the neat co-grinding process 
and Povacoat added did not induce any interaction among Povacoat, 
IMC and NIC.

The co-grinding effect on the DSC curves and FTIR spectra of 
different Soluplus/IMC-NIC (1:1 molar ratio) physical mixtures is 
shown in Figure 4. In the absence of Soluplus, an endothermic peak 
at 104ºC was observed in the DSC curve of the IMC-NIC ground 
mixture and the FTIR spectrum of this IMC-NIC ground mixture was 
superimposed by the FTIR spectra of IMC and NIC (Figure 4-a). When 
a small amount of Soluplus was co-ground with IMC-NIC (molar ratio 
= 1:1) physical mixtures, its DSC endothermic peak was shifted from 
104ºC to 101ºC, but the FTIR spectrum of this sample was overlapped 
by the FTIR spectra of Soluplus, IMC and NIC. By increasing the 
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IMC-NIC evaporates prepared by a large amount of Soluplus exhibited 
several FTIR spectral peaks at 1731 and 1636 cm-1 for Soluplus but at 
1681, 1612, 1592, 1478, 1458, 1370, 1359, 1320, 1226, 1037, 928 and 836 
cm-1 for the amorphous IMC, as compared with the FTIR spectrum of 
Soluplus and amorphous IMC in Figure 2B-b and Figure 2B-g. This 
strongly suggests that a large amount of Soluplus added might directly 
interrupt the co-crystal formation between IMC and NIC and induce 
the amorphous IMC formation in the Soluplus solid dispersion, The 
disappearance of endothermic peak in their DSC curves might confirm 
the production of amorphous solid dispersions of IMC/Soluplus.

Conclusion
This study demonstrated that co-grinding process did not cause the 

molecular interaction in the Povacoat/IMC-NIC or Soluplus/IMC-NIC 
physical mixture. Although Povacoat did not induce the IMC-NIC co-
crystal formation, Povacoat could cause the amorphous formation of 
IMC in the Povacoat/IMC-NIC evaporate by preparing with 4:1 (w/w) 
weight ratio of Povacoat to IMC:NIC (1:1 molar ratio) and volume 
ratio of 1:9 (v/v) water to ethanol via ultra-sonication and evaporation. 
In the studies of Soluplus/IMC-NIC evaporates, the less amount of 
Soluplus added did not interfere the IMC-NIC co-crystal formation. 
When a large amount of Soluplus was contained in the Soluplus/IMC-
NIC evaporates, however, these Soluplus could interfere the IMC-NIC 
co-crystal formation but directly induce amorphous formation of IMC 
in the Soluplus solid dispersion.
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Figure 4: DSC curves and FTIR spectra of the ground mixture of Soluplus and 
IMC-NIC (molar ratio = 1:1) with different weight ratios. 
Key: a) IMC-NIC physical mixture; b) 0.1:1 (w/w) weight ratio of Soluplus: IMC-
NIC mixture; c) 0.2:1 (w/w) weight ratio of Soluplus: IMC-NIC mixture; d) 0.4:1 
(w/w) weight ratio of Soluplus: IMC-NIC mixture; e) 0.8:1 (w/w) weight ratio of 
Soluplus: IMC-NIC mixture.

 

Figure 6: Effect of Soluplus on the DSC curves and FTIR spectra of IMC-NIC 
(molar ratio = 1:1) physical mixture after solvent evaporation.
 Key: a) IMC-NIC co-crystal in the absence of Soluplus;
 b) Prepared by 0.1:1 (w/w) weight ratio of Soluplus: IMC-NIC mixture;
 c) 0.2:1 (w/w) weight ratio of Soluplus: IMC-NIC mixture; d) 0.4:1 (w/w) weight 
ratio of Soluplus: IMC-NIC mixture; e) 0.8:1 (w/w) weight ratio of Soluplus: 
IMC-NIC mixture.

 

Figure 5: Effect of Povacoat on the DSC curves and FTIR spectra of IMC-NIC 
(molar ratio = 1:1) physical mixture after solvent evaporation.
 Key: a) prepared by 4:1 (w/w) weight ratio of Povacoat: IMC-NIC and final 
volume ratio of 2:8 (v/v) water:ethanol; 
b) prepared by 4:1 (w/w) weight ratio of Povacoat: IMC-NIC and final volume 
ratio of 1:9 (v/v) water:ethanol;
c) prepared by 2:1 (w/w) weight ratio of Povacoat: IMC-NIC and final volume 
ratio of 2:8 (v/v) water:ethanol;
d) prepared by 2:1 (w/w) weight ratio of Povacoat: IMC-NIC and final volume 
ratio of 1:9 (v/v) water:ethanol.
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