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Abstract: Naproxen (NAP) is a non-steroidal anti-inflammatory drug (NSAID) that belongs to the
arylpropionic acid class. Classified as a Biopharmaceutical Classification System (BCS) class II drug,
NAP exhibits low water solubility, thus resulting in restricted oral bioavailability. This study aimed to
evaluate the effectiveness of pharmaceutical salts in enhancing the solubility and oral bioavailability
of NAP. Two novel NAP salts, specifically naproxen-ethylenediamine (NAP-EDA) and naproxen-
trometamol (NAP-TRIS), were synthesized using a 2:1 and 1:1 stoichiometric ratio, respectively.
The NAP-EDA and NAP-TRIS powders were thoroughly characterized using single-crystal X-ray
diffraction (SXRD), powder X-ray diffraction (PXRD) and differential scanning calorimetry (DSC),
providing a comprehensive understanding of their structural and thermal properties. Additionally,
the solubilities and dissolution rates of NAP-EDA and NAP-TRIS salts were assessed in water and a
pH 6.86 phosphate buffer. Notably, the solubility of NAP-TRIS salt increased markedly, by 397.5-fold
in water and 6.2-fold at pH 6.86. Furthermore, in vivo pharmacokinetic studies in rats revealed
that NAP-TRIS salt displayed faster absorption and higher peak blood concentrations compared
to NAP. These results indicate that the NAP-TRIS salt effectively enhanced the solubility and oral
bioavailability of naproxen. In conclusion, this study underscores the potential of pharmaceutical salts,
particularly NAP-TRIS, in improving the solubility and oral bioavailability of drugs with low aqueous
solubility, presenting a promising avenue for advancing drug delivery and therapeutic outcomes.
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1. Introduction

Drug cocrystals and salts play a significant role in drug discovery and development,
as well as in the preparation of dosage forms, ultimately leading to improved therapeutic
efficacy [1–5]. By increasing drug bioavailability, reducing both the dose and frequency of
administration and enhancing patient compliance, drug cocrystals and salts offer numerous
advantages [6–10]. Notably, drug salts have the ability to modify the physicochemical
properties of drugs, thereby enhancing their solubility, stability, and overall therapeutic
efficacy [11–20].

Naproxen is an arylpropionic non-steroidal anti-inflammatory drug that possesses anti-
inflammatory, analgesic, and antipyretic effects, and is primarily used to treat pain caused
by rheumatic and rheumatoid arthritis, osteoarthritis, and gout [21–23]. The chemical
structure of NAP is shown in Figure 1, and its IUPAC name is α-methyl-6-methoxy-2-
naphthaleneacetic acid. However, its low solubility results in poor bioavailability, which af-
fects its absorption in the body and reduces its effectiveness [24,25]. Numerous NAP cocrys-
tals and salts with nicotinamide [26,27], isonicotinamide [28], picolinamide [29,30], duloxe-
tine [31], L-alanine [32], D-alamine, D-tyrosine, and D-tryptophan [33], arginine [34], zwitte-
rionic prolinium [35], tramadol [36], bipyridine and piperazine [37], 4-amino pyridine and
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2-amino pyridine [38], urea and thiourea [39], (1R,2R)-1,2-diphenylethylenediamine [40],
caprolactam and oxymatrine [41] and vortioxetine [42] have been reported to improve its
solubility and bioavailability. However, the potential for these coformers to be marketed as
pharmaceutical formulations is limited due to their toxicity, non-pharmaceutical excipients,
or absence of a single-crystal structure. In this study, we have chosen trometamol and
ethyledediamine (Figure 1) as a viable coformer with proven medicinal applications in
drug solid-state chemistry, biopharmaceutical properties, and drug formulation [43–48].
Notably, there have been successful cases of non-steroidal anti-inflammatory drugs mar-
keted with trometamol salts, such as ketoglutarate trometamol salt and dextroketoprofen
trometamol salt.
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Figure 1. Molecule structures of NAP, EDA, and TRIS.

The present study aimed to develop novel and safe salt forms with improved solubility
and bioavailability. The synthesis of NAP-EDA and NAP-TRIS salts was performed,
followed by thorough characterization using various techniques such as single-crystal
X-ray diffraction (SXRD), powder X-ray diffraction (PXRD), and differential scanning
calorimetry (DSC). Additionally, we evaluated the solubility and bioavailability of the salts
for pharmaceutical applications.

2. Results
2.1. Crystal Structure Analysis

We have successfully synthesized two suitable single-crystal X-ray diffraction (SXRD)
salts of naproxen, namely NAP-EDA salt (2:1) and NAP-TRIS salt (1:1), using the slow
evaporation method. Tables 1 and 2 have summarized the detailed crystallographic and
hydrogen bond data for the two synthesized salts. The corresponding CIF files have been
deposited in the Cambridge Structural Database.

Table 1. Crystallographic parameters of NAP-EDA and NAP-TRIS salts.

NAP-EDA NAP-TRIS

Empirical formula 2(C14H13O3)•C2H10N2 C14H13O3•C4H12NO3
Molecule weight 520.61 351.39
Temperature (K) 293(2) 293(2)
Crystal system Monoclinic Orthorhombic

space group I2 P212121
a (Å) 12.5633(12) 6.3167(10)
b (Å) 6.0077(8) 8.5152(17)
c (Å) 36.747(4) 33.133(5)
α (◦) 90 90
β (◦) 99.720(9) 90
γ (◦) 90 90

Volume (Å3) 2733.7(5) 1782.2(5)
Z 4 4

Density (g/cm3) 1.265 1.310
R1/wR2 [I > 2σ(I)] 0.0709/0.1273 0.0618/0.0918

GOF 0.940 0.991
Larg peak and hole (e/Å3) 0.164/−0.190 0.183/−0.200

CCDC 2,391,216 2,306,212
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Table 2. Hydrogen bonding distances (Å) and angles (◦) for the NAP-EDA and NAP-TRIS salts.

Compound D-H· · ·A d(D-H) d(H· · ·A) d(D· · ·A) <(DHA) Symmetry Code

NAP-EDA N1+-H1A· · ·O1 0.88 1.93 2.732(10) 152 −x − 1, y + 1, −z
N1+-H1B· · ·O5 0.88 1.91 2.791(10) 176 x, y + 1, z
N1+-H1C· · ·O4 0.87 1.89 2.757(10) 173 −x − 2, y + 1, −z
N2+-H2A· · ·O5 0.87 2.00 2.786(10) 150 x, y, z
N2+-H2B· · ·O1 0.87 1.83 2.702(10) 177 −x − 1, y, −z
N2+-H2C· · ·O2 0.87 1.90 2.753(10) 164 x, y, z

NAP-TRIS N1+-H1B· · ·O4 0.89 2.07 2.950(4) 169 x − 1/2, −y − 3/2, −z
N1+-H1A· · ·O1 0.89 1.86 2.746(4) 170 x + 1/2, −y − 3/2, −z
N1+-H1C· · ·O6 0.89 2.01 2.896(4) 174 x − 1/2, −y − 1/2, −z

O4-H4· · ·O1 0.82 1.83 2.644(3) 168 x, y, z
O5-H5A· · ·O2 0.82 1.81 2.621(3) 172 x, y + 1, z
O6-H6· · ·O5 0.82 1.89 2.685(3) 162 x + 1, y, z

2.1.1. NAP-EDA Salt (2:1)

NAP-EDA salt crystallized in the monoclinic crystal system with the I2 space group.
In the crystal structure, the asymmetric unit consisted of two independent NAP anions
and one bivalent EDA cation. Notably, both independent NAP molecules exhibited the S
configuration (Figures S1 and S2). The NAP anions and EDA cations arranged them-
selves in a sandwich-like structure facilitated by the intramolecular hydrogen bonds
N1+-H1A· · ·O1, N1+-H1B· · ·O5, N1+-H1C· · ·O4, N2+-H2A· · ·O5, N2+-H2B· · ·O1 and
N2+-H2C· · ·O2 (Figure 2).
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Figure 2. The 3D sandwich-like structure of NAP-EDA salts.

2.1.2. NAP-TRIS Salt (1:1)

NAP-TRIS salt crystallized in the orthorhombic crystal system with the P212121 space
group. In the crystal structure, the asymmetric unit consisted of one S-configured NAP
anion and one TRIS cation. The TRIS cations formed a two-dimensional laminar arrange-
ment through N1+-H1B· · ·O4, N1+-H1C· · ·O6 and O6-H6· · ·O5 intramolecular hydrogen
bonds (Figure 3a). Furthermore, the laminar structures and the NAP anions were inter-
connected via N1+-H1A· · ·O1, O4-H4· · ·O1 and O5-H5A· · ·O2 intermolecular hydrogen
bonds. These interactions resulted in the formation of three-dimensional sandwich-type
assemblies along the b-axis direction (Figure 3b, Figures S3 and S4).

It is worth noting that due to the presence of only light atoms in the structure, X-ray
analysis alone cannot determine the absolute configuration. Therefore, when purchasing the
naproxen sample, we deliberately chose the S-configuration naproxen to ensure consistency
and accuracy in our experiments.
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It is well known that NAP is a non-steroidal anti-inflammatory drug with low water
solubility. The low water solubility of NAP (CCDC reference: 1,130,671) can be attributed
to two factors. Firstly, the structure of NAP contains mainly hydrophobic functional groups.
Secondly, NAP possesses a hydrophilic group (carboxylic acid group) that is connected
through intermolecular hydrogen bonding and trapped within the hydrophobic groups
(Figure 4). When the NAP-EDA and NAP-TRIS salt are formed, the original hydrogen
bond structure is disrupted, allowing the hydrophobic groups of NAP to be released. This
structural change elucidates the enhancement of NAP’s water solubility in the presence of
NAP-EDA and NAP-TRIS salts.
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2.2. Powder X-Ray Diffraction (PXRD) Analysis

The experimental PXRD pattern of the NAP-EDA and NAP-TRIS salts distinctly
differed from that of NAP (Figure 5). Specifically, the NAP-EDA salt displayed a new
characteristic peak at 5.06◦, 9.92◦, 14.82◦, 15.98◦, 16.84◦, 17.56◦, 19.84◦, 21.14◦, 22.38◦, 26.70◦,
and 28.56◦. Additionally, the NAP-TRIS salt displayed a novel characteristic peak at 5.18◦,
10.52◦, 11.54◦, 14.16◦, 16.02◦, 17.38◦ and 25.20◦. Importantly, the experimental PXRD pattern
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of both salts closely correlated with the simulated single-crystal structure, reinforcing the
successful synthesis of pure NAP salts.

Crystals 2025, 15, x FOR PEER REVIEW 5 of 13 
 

 

 

Figure 4. The carboxyl portion of NAP was trapped under hydrophobic group. 

2.2. Powder X-Ray Diffraction (PXRD) Analysis 

The experimental PXRD pattern of the NAP-EDA and NAP-TRIS salts distinctly dif-
fered from that of NAP (Figure 5). Specifically, the NAP-EDA salt displayed a new char-
acteristic peak at 5.06°, 9.92°, 14.82°, 15.98°, 16.84°, 17.56°, 19.84°, 21.14°, 22.38°, 26.70°, and 
28.56°. Additionally, the NAP-TRIS salt displayed a novel characteristic peak at 5.18°, 
10.52°, 11.54°, 14.16°, 16.02°, 17.38° and 25.20°. Importantly, the experimental PXRD pat-
tern of both salts closely correlated with the simulated single-crystal structure, reinforcing 
the successful synthesis of pure NAP salts. 

 

Figure 5. PXRD patterns of NAP, NAP-EDA and NAP-TRIS salts. 

2.3. Differential Scanning Calorimetry (DSC) Analysis 

Figure 5. PXRD patterns of NAP, NAP-EDA and NAP-TRIS salts.

2.3. Differential Scanning Calorimetry (DSC) Analysis

The NAP-EDA and NAP-TRIS salts displayed distinct thermodynamic properties
when compared to NAP, as shown in Figure 6. Specifically, NAP exhibited heat absorption
peaks at 161 ◦C, attributable to the melting of its raw material. In contrast, the NAP-EDA
and NAP-TRIS salts manifested heat absorption peaks at 192 ◦C and 180 ◦C, respectively,
signifying their individual melting temperatures. Notably, both NAP-EDA and NAP-TRIS
salts exhibited superior thermodynamic stability compared to NAP.
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2.4. Solubility and Dissolution Rate Studies

In this study, we investigated the solubility of NAP, NAP-EDA and NAP-TRIS in water
(pH = 8.08) and bio-relevant media (pH = 6.86) at 37 ◦C, and the results were presented
in Table 3. The data indicated that the solubility of NAP, NAP-EDA and NAP-TRIS in
water was 49.6 mg/L, 3732.5 mg/L, and 19,720.2 mg/L, respectively. In phosphate buffer at
pH 6.86, the solubilities of NAP, NAP-EDA and NAP-TRIS were 2771.2 mg/L, 5921.8 mg/L,
and 17,218.1 mg/L, respectively. Compared to NAP, both NAP-EDA and NAP-TRIS
exhibited significantly enhanced solubility in two media: a 75.2-fold and 397.5-fold increase
in water, a 2.1-fold and 6.2-fold increase in the phosphate buffer at pH 6.86. The improved
solubility of these drugs facilitates the development of stable liquid dosage forms and high-
concentration solid dosage forms, such as orally disintegrating tablets and quick-dissolving
tablets, thereby enhancing patient convenience and treatment outcomes.

Table 3. Measured solubility and IDR values of NAP, NAP-EDA and NAP-TRIS salts in water and
phosphate buffer (pH 6.86) solutions at 37 ◦C.

Medium Compound Concentration of NAP (mg/L) IDR (mg/(cm2·min)) Final pH in Solubility Experiments

water NAP 49.6 ± 2.2 0.0096 6.88
NAP-EDA 3732.5 ± 57.0 (×75.2) 0.2093 (×21.8) 6.88
NAP-TRIS 19,720.2 ± 399.2 (×397.5) 1.6710 (×174.0) 6.72

pH 6.86 NAP 2771.2 ± 37.8 0.3074 6.78
NAP-EDA 5921.8 ± 157.30 (×2.1) 0.7339 (×2.3) 6.82
NAP-TRIS 17,218.1 ± 357.2 (×6.2) 3.4899 (×11.3) 6.82

Based on Table 3 and Figure 7, NAP-EDA and NAP-TRIS exhibited higher dissolution
rates in water and biologically relevant media compared to NAP. Specifically, in water,
NAP-EDA had a dissolution rate 21.8 times higher than NAP, while NAP-TRIS achieved
an even higher rate of 174.0 times. This significant improvement is likely attributed to the
inclusion of EDA and TRIS ligands, which enhance the hydrophilicity of NAP’s surface,
thereby increasing its solubility in water. In a phosphate buffer at pH 6.86, though the
enhancement in dissolution rate was less pronounced compared to water, NAP-EDA and
NAP-TRIS still showed dissolution rates 2.3 and 11.3 times higher than NAP. This indicates
that under conditions mimicking the human body’s physiological pH, the modified drugs
maintained a relatively high dissolution rate, facilitating drug absorption.
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The stability of the residual samples from the solubility experiments was assessed us-
ing PXRD tests (Figures S5–S7). The results demonstrated that the PXRD spectra of NAP and
NAP-EDA in both water and bio-relevant media remained unchanged (Figures S3 and S4),
indicating their stability in these environments. Moreover, the PXRD spectra of NAP-TRIS
salt in water exhibited no alterations (Figure S7), suggesting its stability in this medium as
well. However, under the pH 6.86 condition, which mimicked the environment of human
intestinal absorption, most of NAP-TRIS salt converted into an amorphous form. This
amorphous form could increase the solubility of the drug, making it easier for the human
body to absorb and utilize.

In summary, the addition of highly water-soluble ligands EDA and TRIS can signif-
icantly improve the solubility and dissolution performance of NAP. This enhancement
was observed in water and biologically relevant media, offering valuable insights for drug
formulation and clinical use.

2.5. Pharmacokinetic Study

In this study, we assessed the oral absorption of NAP and NAP-TRIS salt in Sprague-
Dawley rats, taking into consideration safety and solubility factors. The evaluation of oral
bioavailability was performed by analyzing the peak plasma concentration (Cmax) and area
under the curve (AUC) values. The results, presented in Table 4 and Figure 8, showed that
NAP-TRIS salt exhibited a higher peak plasma concentration (18.3 µg/mL) in comparison
to NAP (17.2 µg/mL). Additionally, the AUC value of NAP-TRIS salt was approximately
1.2 times greater than that of the free NAP form.

Table 4. In vivo pharmacokinetic parameters of NAP and NAP-TRIS salt.

Drug T1/2 (h) Tmax (h) Cmax (µg/mL) AUC0→24 (h*µg/mL) MRT0→t (h) F (%)

NAP 24.9 4.0 17.2 269.9 16.2 100
NAP-TRIS 28.8 4.0 18.3 319.9 16.6 119
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Furthermore, the mean retention time (MRT0→t) for the NAP-TRIS formulation was
found to be longer (16.6 h) compared to the free NAP form (16.2 h). These results indicate
that the oral bioavailability of naproxen can be enhanced through the use of trometamol
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in salt form, which improves solubility and modifies the polar carboxylic group of NAP.
Overall, the pharmacokinetic results support the notion that NAP-TRIS salt offers improved
oral bioavailability compared to NAP, owing to its enhanced solubility and modified
molecular structure.

3. Materials and Methods
3.1. Instrumentations and Materials

NAP (purity > 98%), EDA (purity > 98%) and TRIS (purity > 98%) were purchased
from Shanghai Aladdin Biochemical Technology Co., Ltd. (Shanghai, China). The water
used in the experiment is Wahaha purified water, with a pH of 8.08, sodium content of
46.3 mg/L, and calcium content of 35.11 mg/L. All reagents (purity > 98%) were purchased
from Sinopharm Chemical Reagent Co., Ltd. (Beijing, China). All chemicals and reagents
were obtained from various commercial sources and used without further purification.
powder X-ray diffraction (PXRD) measurements of NAP, NAP-EDA and NAP-TRIS salts
were conducted using a Bruker corporation D8 ADVANCE with a Cu-Kα radiation tube
(λ = 1.5418 Å) at 40 mA and 40 kV. The angular range for data collection was 3–60◦. Differ-
ential scanning calorimetry (DSC) thermograms of NAP, NAP-EDA and NAP-TRIS salts
were recorded using a Mettler-Toledo analyzer (Greifensee, Switzerland, Mettler-Toledo
Group) in a nitrogen environment from 30 ◦C to 250 ◦C at a constant heating rate of
10 ◦C/min, and the temperature calibration of the DSC is performed using indium. The
single-crystal X-ray diffraction (SCXRD) data for the NAP-EDA and NAP-TRIS salts were
collected using a Bruker Apex II CCD equipped with Mo-Kα radiation (λ = 0.71073 Å) at
a temperature of 293 K. The crystal structures were solved through direct methods and
refined with the SHELXL program [49]. All crystal structures are mapped using Diamond
version 4.0.0 [50]. The resulting crystal structure parameters, along with hydrogen bond
distances and angles, are summarized in Tables 1 and 2.

3.2. Preparation of NAP-EDA and NAP-TRIS Salts
3.2.1. Preparation of NAP-EDA and NAP-TRIS Powder Samples

To prepare the NAP-EDA powder samples, 500 mg of NAP was fully dissolved
in 20 mL of acetonitrile, with the subsequent addition of 176 µL of EDA. Stirring the
mixture for 30 min resulted in the formation of a considerable quantity of white precipitate.
Following filtration, the product was dried to obtain the final NAP-EDA salt sample. The
yield was 80.06%.

To prepare the NAP-TRIS powder samples, 200 mg of NAP and 105 mg of TRIS (in
a molar ratio of 1:1) were thoroughly mixed in an agate mortar. Afterwards, methanol
solvent was added as a co-solvent, and the mixture was ground for 30 min. The resulting
mixture was then dried in an oven at 40 ◦C for 24 h. The dried samples are referred to as
the NAP-TRIS samples.

3.2.2. Preparation of NAP-EDA and NAP-TRIS Crystals

A total of 50 mg of the NAP-EDA powder sample was accurately weighed and
dissolved in 6 mL of an acetonitrile–water mixture (with a volume ratio of 5:1). Following
evaporation of the solution at room temperature for 5 to 7 days, colorless, needle-shaped
NAP-EDA crystals were observed.

To prepare the NAP-TRIS crystals, 20 mg of the grinding sample was dissolved in 5 mL
of methanol. The mixture was stirred for 30 min and then transferred to a tube to undergo
slow evaporation. After 7–10 days, colorless flaky NAP-TRIS crystals were formed.

3.3. Solubility and Dissolution Rate Studies

The solubility of NAP, NAP-EDA and NAP-TRIS salts was determined using ultravio-
let spectrophotometry. Given that neither EDA nor TRIS exhibit ultraviolet absorption at
331 nm, the specific absorption of NAP at this wavelength enables its concentration to be
measured using ultraviolet spectrophotometry.
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The solubility experimental procedure comprises the following steps: Initially, an
excess amount of sample was placed in a round-bottom flask containing 10 mL of medium.
Subsequently, the flask was positioned on a temperature-controlled magnetic stirrer and
agitated for 24 h at 37 ± 0.5 ◦C. Following this, the mixture was allowed to settle, and
the resulting supernatant was filtered through a 0.22 µm filter membrane. Ultimately, the
concentration of NAP in the filtrate was determined using ultraviolet spectrophotometry.

The dissolution rate experimental procedure involves the following steps: Initially,
100 mg of the NAP and its salts were accurately weighed and compressed into a tablet with
a surface area of 0.5 cm2 under a pressure of 10 MPa. Subsequently, the dissolution rates
of NAP and its salts were assessed under varying medium conditions employing the wet
method. During the experiment, a PJ-3 four-in-one tablet testing instrument was utilized,
with the rotation speed set at 100 rpm, the temperature maintained at 37 ± 0.5 ◦C, and a
dissolution medium volume of 500 mL. The experiments on solubility and dissolution rate
were conducted three times, and the average values were taken.

3.4. Pharmacokinetic Studies

Pharmacokinetic studies were conducted to evaluate the effects of NAP and NAP-TRIS
salt in 12 male Sprague-Dawley rats. Each group consisted of six rats, with each rat weigh-
ing approximately 250 g. To administer the oral formulations, equimolar quantities of NAP
(10.00 mg/kg) and NAP-TRIS (15.26 mg/kg) were given via intragastric administration.
Blood samples of approximately 0.5 mL were collected from the eye socket at various time
points: 0.5, 1, 2, 4, 6, 8, 12, 24 and 48 h post-administration. These samples were analyzed
to determine the concentration of naproxen in plasma.

HPLC was employed to determine the NAP concentration in plasma, using the Agilent
1100 instrument. The HPLC analysis was performed under the following conditions: a flow
rate of 1.0 mL/min, a column temperature set at 25 ◦C, a detection wavelength of 225 nm,
an injection volume of 10 µL and a mobile phase consisting of 0.2% phosphoric acid and
acetonitrile in a 50:50, v/v ratio, C18 chromatographic column: 250 × 4.6 mm, 5 µm.

4. Conclusions

The hydrophobic groups and naphthalene ring structure of naproxen present signifi-
cant challenges for enhancing its solubility. This study aims to enhance the water solubility
of NAP by employing co-crystal ligands with high solubility in water. We successfully
synthesized two new NAP salts, designated as NAP-EDA and NAP-TRIS, through solvent-
assisted grinding and slow solvent evaporation techniques. Using single-crystal diffraction
techniques, we determined the crystal structures of these two salts and performed a thor-
ough characterization of their physicochemical properties. In comparison to the raw drug
naproxen, both NAP-EDA and NAP-TRIS salts demonstrated significantly enhanced sol-
ubility and dissolution rates in water and pH 6.86 buffer. Additionally, pharmacokinetic
studies in rats indicated that NAP-TRIS salt exhibited a faster absorption rate and higher
peak plasma concentration than NAP, which enhanced NAP’s oral bioavailability. There-
fore, NAP-TRIS salt presents itself as a promising candidate for a new formulation of NAP.
This research establishes a crucial basis for predicting the solubility and bioavailability of
poorly soluble compounds formed as salts in biologically relevant environments.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/cryst14121104/s1, Figure S1: Observing the chirality diagram
of NAP in NAP-EDA from a molecular perspective; Figure S2: The stacking diagram of two inde-
pendent S-configured NAP molecules in NAP-EDA; Figure S3: Observing the chirality diagram of
NAP in NAP-TRIS from a molecular perspective; Figure S4: The stacking diagram of NAP-TRIS;
Figure S5: Comparison PXRD patterns of NAP and its residual materials after 24 h solubility in
water and pH 6.86 solutions; Figure S6: Comparison PXRD patterns of NAP-EDA and its residual
materials after 24 h solubility in water and pH 6.86 solutions; Figure S7: Comparison PXRD patterns
of NAP-TRIS and its residual materials after 24 h solubility in water and pH 6.86 solutions.

https://www.mdpi.com/article/10.3390/cryst14121104/s1
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