Selection of in vivo predictive dissolution media using drug substance and physiological properties
Supplementary Materials
Section 1. Calculating Relative Solubility
A useful parameter for comparing solubility values at pH values representative of different regions of the gastrointestinal (GI) tract is the “relative solubility”, which is equal to the total saturation solubility (Cs) divided by the intrinsic solubility (So). Here, Cs equals the solubility of ionized and nonionized drug forms and So equals the solubility of the nonionized drug form. The relative solubility can be calculated as a function of the fluid pH and the negative log of the acid dissociation constant (pKa) for the drug for monoprotic compounds (1). See Equation S1a for a monoprotic weak acid and Equation S1b for a monoprotic weak base.
 	(S1a)
and
	(S1b)
Figures S1 shows the calculated relative solubilities for monoprotic weak acids and bases as a function of pKa and pH according to Equation S1a and S1b, respectively.


 

Figure S1. Calculated relative solubility (Cs/So) for monoprotic weak acids (top) and weak bases (bottom) as a function of pKa and pH according to Equation S1a and S1b, respectively. These calculations assume a constant pH that is not impacted by dissolved drug.

Figure S2. Calculated Cs at pH 7 relative to Cs at pH 5.5 (monoprotic weak acids) and calculated Cs at pH 5.5 relative to Cs at pH 7 (monoprotic weak bases) as a function of pKa. These calculations assume a constant pH that is not impacted by dissolved drug.

Section 2. Relative Dissolution Rate versus Buffer Concentration/Capacity
Calculated relative dissolution rates at pH 5.5 and 7
Figure S3 (acids) and Figure S4 (bases) show calculated surface-area-normalized relative dissolution rates in a pH 5.5 and 7 phosphate buffer as a function of  or . The relative dissolution rate is the calculated dissolution rate at high buffer concentration (50 mM) divided by the calculated dissolution rate at low buffer concentration (1 mM). When the relative dissolution rate equals unity, no differences in rate are expected over this range in buffer concentration.


Figure S3. Relative calculated surface-area normalized dissolution rate for a monoprotic weak acid at pH 5.5 (top) and pH 7 (bottom) as a function of α. Dashed line represents a factor of 2 difference.




Figure S4. Relative calculated surface-area normalized dissolution rate for a monoprotic weak base at pH 5.5 (top) and pH 7 (bottom) as a function of β. Dashed line represents a factor of 2 difference.

Calculated relative dissolution rates versus infinite buffer capacity
In Figure S5, dissolution rate is normalized to the maximum dissolution rate (i.e., when no pH change occurs at the solid-particle surface as a drug dissolves) versus the fluid buffer capacity relative to the concentration of ionized species at the starting pH. The theoretical concentration of ionized species at the starting pH is dependent upon the intrinsic solubility and pKa of the drug and the starting pH of the buffer, whereas the buffer capacity is calculated using the Van Slyke equation (i.e., as a function of buffer concentration, buffer pKa, and starting pH). As shown in Figure S5, the dissolution rate from the solid-particle surface will be lower than the dissolution rate occurring in a buffer with infinite buffer capacity when 1) the buffer capacity is within two orders of magnitude of the concentration of ionized drug species in solution at the starting pH, and 2) pH - pKa  > -1 (weak acids) or (pKa – pH) > -1 (weak bases), where pH equals the starting pH of the buffer.  When the first criterion is met, the pH at the solid-liquid interface (i.e., the “surface pH”) of the dissolving drug particle can range between the starting pH and fall as low as two pH units below (weak acid) or above (weak base) the pKa of the compound. When the second criterion is met, the maximum percent ionized drug is 10% or greater. For poorly buffered systems, the percent ionization decreases as the pH drifts below (for weak acids) or above the pKa (for weak bases), resulting in a decrease in solubility and dissolution rate.
Figure S5 shows the predicted surface-area-normalized relative dissolution rate of a monoprotic drug (with a given intrinsic solubility and pKa) dissolving in a monoprotic buffer (at a given pH with a given pKa and buffer concentration). The y axis represents the predicted dissolution rate in the given buffer divided by the predicted dissolution rate in a buffer at the same pH, but at infinite buffer capacity. The x axis represents the logarithm of buffer capacity divided by the concentration of ionized drug at the starting pH, where buffer capacity is calculated using the Van Slyke equation and the concentration of ionized drug at starting pH = S0(10pH-pKa) for acids and = S0(10pKa-pH) for bases. These calculations assume an aqueous diffusion coefficient of drug of 7.9 × 10-6 and a diffusion layer thickness = 30 µm. The shaded area represents the region in which buffer capacity is expected to have a significant impact on dissolution rate. 


[image: ]
Figure S5. Predicted surface-area-normalized relative dissolution rate of a monoprotic drug dissolving in a monoprotic buffer. pHs = pH at the surface of the solid-liquid interface of the dissolving drug substance, pHin = starting pH in the bulk solution, S0 = intrinsic solubility of the drug substance, Cs = total saturation solubility at the solid-liquid interface of the dissolving drug substance, Cs,max = maximum total saturation solubility at the solid-liquid interface of the dissolving drug substance in the given buffer system (i.e., at starting pH).


Section 3. Equivalent Maleate Buffer Concentrations at pH 5.5.


Figure S6. Equivalent pH 5.5 maleate buffer to match a 4 mM bicarbonate (16.7 mM total buffer concentration) buffer for a weak acid (top) or weak base (bottom). Assumes drug diffusivity = 7.9 X 10-6 cm2/s. Assumes diffusion layer thickness = 30 µm.
Section 4. pH and Buffer Capacity Considerations for Polyprotic Drugs
The pH and buffer capacity recommendations provided in this tutorial are based upon monoprotic weak acids and bases (i.e. molecule contains a single pKa). A drug is considered a monoprotic weak acid when it has an acidic pKa < 8. A drug is considered a monoprotic weak base when it has a pKa > 1. Polyprotic weak acids have at least two acidic pKas < 8, while polyprotic weak bases have at least two pKas > 1. Zwitterions have at least one acidic pKa < 8 and at least one basic pKa >1. Recommendations for how to apply these recommendations to polyprotic weak acids and bases and zwitterions are described below.
Selection of pH
pH recommendations in this tutorial are based upon whether a difference in solubility and therefore dissolution rate and/or precipitation is expected as a function of the pKa of a monoprotic weak acid or base and the physiological pH range in the fasted human. While not provided in this tutorial, the reader can use software such as ADMET PredictorTM (Simulations Plus, Lancaster, CA) or chemicalize.com (ChemAxon Ltd), for example, to visualize the pH-ionization and pH-solubility profiles of a given polyprotic acid, polyprotic base or ampholyte. The pH-solubility profile can be used to determine over what pH range solubility (and therefore dissolution rate and/or precipitation) is expected to differ significantly. If the drug is highly non-ionized and solubility is at or near the intrinsic solubility in the pH range 1-3 of the stomach, then the drug can be categorized as a weak acid. If at least a 2-fold difference in solubility is expected over a pH range of 5.5 – 7, then the reader can follow the recommendations for when pKa ≤ 7. If the drug is highly ionized and solubility is much higher than the intrinsic solubility (i.e. by 10-100-fold), then the drug can be categorized as a weak base. If at least a 2-fold difference in solubility is expected over a pH range of 5.5 – 7, then the reader can follow the recommendations for when pKa ≥ 5.5.

In absence of determining the pH solubility profile, the following method can also be used for selecting pH for polyprotic acids or bases. For polyprotic bases, the recommendation for when pKa is ≥ 5.5 should be followed if at least one pKa ≥ 5.5. For polyprotic acids the recommendation for when pKa ≤ 7 should be followed if at least one pKa ≤ 7. However, this approach is not recommended for ampholytes, since the extent of ionization and therefore the solubility as a function of pH is less predictable.
Selection of buffer capacity
[bookmark: _GoBack]For polyprotic acids, if at least one pKa is less than the cutoff of 6, then dissolved drug may impact the solid surface pH when α is below the cutoff of 11. The value of α can be calculated using the lowest (i.e. strongest) pKa. For polyprotic weak bases, if at least one pKa is greater than the cutoff of 7, then dissolved drug may impact the solid surface pH if β is below the cutoff of 12. The value of β can be calculated using the highest (i.e. strongest) pKa. This approach can also be applied to acidic and basic pKas of ampholytes. If one or multiple pKas suggest an impact of drug on solid surface pH then calculating an equivalent buffer is recommended.

Section 5. Estimating the Relative Dissolution Rate in Fasted-State Simulated Intestinal Fluid (FaSSIF) Versus Blank Buffer
When drug is associated with mixed lipidic aggregates, the effective diffusion coefficient (Deff) accounts for that of unbound drug and drug in mixed lipidic aggregates/micelles. Assuming the main species in solution are unbound drug and drug in mixed lipidic aggregates, Deff can be estimated using
 ,	(S2)
 where Du is the average diffusion coefficient of the unbound drug species, fu is the fraction of the unbound drug species, Dm is the average diffusion coefficient of the micellar species, and fm is the fraction of drug in micellar species (2-4).
Using the Stokes-Einstein equation to estimate the diffusion coefficient based on the average diameter of the vesicles present in FaSSIF (~45 nm), Dm = 1 x 10-7 cm2/s for these vesicles (this value has also been confirmed experimentally using dynamic light scattering) (5). The diffusion coefficient of the unbound drug can be estimated using empirical equations (e.g., the Hayduk-Laudie equation) and typically falls within the range of 1 x 10-6 to 1 x 10-5 (6). Assuming sink conditions and equivalent values of diffusion-layer thickness (δ), the dissolution rate of drug in a medium containing bile salts and phospholipids relative to that of a blank medium can be estimated as 
	(S3)
Assumptions implicit in this equation are beyond the scope of this paper, but are discussed in other papers (7).


Section 6. In-House Experimental Confirmation of Recommendations
To confirm the recommendations regarding buffer capacity and log D, we performed in-house tests on eight model compounds.
Materials and Methods
Table S1 gives information on the eight model compounds tested. All compounds were purchased from Sigma-Aldrich (St. Louis, Missouri) or Spectrum Chemical (New Brunswick, New Jersey) and used as received. All dissolution measurements were performed using suspension methodologies in the µDISS Profiler™ (Pion Inc., Billerica, Massachusetts). The experiments were performed in 10 to 20 mL of dissolution medium at 37C with stirring at 100 rpm. Dissolution testing was performed at pH 6.5 in four different buffers for each compound, except atenolol. These buffers included 1) 50 mM phosphate buffer, 2) 50 mM phosphate containing FaSSIF-v1 bile salts and lipids, 3) a low concentration ‘equivalent’ phosphate and 4) a low concentration ‘equivalent’ phosphate containing FaSSIF-v1 bile salts and lipids. The impact of log D was not determined for the very low log D (-2.8) compound, atenolol. This compound was only evaluated in buffers 1) and 3). 
[bookmark: _Hlk25576766]The two laboratories used slightly different approaches to produce the suspensions. Danazol, prednisolone, tamoxifen, and atenolol were studied at Uppsala University. Uppsala used a recent method based on controlled suspensions for danazol, prednisolone and tamoxifen (8). In this method, each drug was balled milled in a low-buffer-capacity medium consisting of 1% (w/w) polyvinyl pyrrolidone (PVP) K30 and 0.2% (w/w) sodium dodecyl sulfate (SDS). A disc method instead of the controlled suspensions method was used for atenolol due to its high solubility at a bulk pH of 6.5 (9). Discs (5 mg) were compressed at a pressure of 80 kg into Pion disc sets (3-mm cavity) with a surface area of 0.0707 cm2. The disc method allowed for a much smaller surface area and therefore decreased dissolution rate compared to the controlled suspensions method. This increased time allowed for enough data points to calculate the dissolution rate. Each dissolution assay was performed under sink conditions except for danazol. For danazol experiments, slightly non-sink conditions were used to allow accurate determination of the concentration, since ultraviolet (UV) absorbance values were too low for accurate measurements at concentrations representative of sink conditions. 
Dipyridamole, ketoconazole, ibuprofen, and flufenamic acid were studied at Lonza using suspensions produced by adding the bulk powder to 0.5% (w/w) methylcellulose in water. The samples were vortexed to produce a homogenous suspension. The particle sizes in these suspensions were larger than those in Uppsala University tests, so the measurement time was extended to 60 minutes for most compounds.
[bookmark: _Hlk25664945]Dissolution rate was determined by calculating the slope of the initial linear portion of the dissolution-time profile for each compound except Ibuprofen. The difference in dissolution rate between two different media was determined by taking the ratio of the two rates. For Ibuprofen, the time to dissolve 80% of the dose was determined for each medium, and the ratio of the two times was determined to compare media. This method was used since dissolution was rapid (100% dissolved in less than 1 minute) in the 50-mM buffer, which led to insufficient time points during the initial linear portion of the dissolution-time profile. 
Results and Discussion
Table S2 shows the predicted and experimental differences in dissolution rate as a function of buffer concentration and addition of bile salts and phospholipids for each model drug. The experimental dissolution curves are presented in Figure S7 and S8. The experimental evaluation showed that the recommendations correctly identified when a biorelevant buffer capacity and addition of the bile salts and phospholipids would appreciably change the dissolution profiles of the compounds, as discussed below.
Acids
Ibuprofen was selected as a non-lipophilic weak acid with low pKa, while flufenamic acid was chosen as a relatively lipophilic weak acid, also with a low pKa. For these compounds the dissolution rate increased from the calculated “equivalent” buffer concentration (3.5 mM and 0.4 mM, respectively) to a buffer concentration of 50 mM, as expected. For ibuprofen, a 7-fold increase in dissolution rate was expected at a concentration of 50 mM relative to 3.5 mM. Without bile salts/phospholipids (BS/PL) the experimental time to reach 80% dissolved was 7.4- fold higher in 50 mM compared to 3.5 mM buffer. This difference was 8.1-fold in the presence of BS/PL. For flufenamic acid, a 2 – 3-fold difference was expected between a 50 mM and 0.4 mM buffer. A 2.7-fold difference was observed with BS/PL and a 2.9-fold difference was observed without BS/PL. With a calculated log D6.5 of 1.7, ibuprofen showed a 1.1-fold difference in 50 mM buffer and no difference in 3.5 mM buffer. Flufenamic acid showed a 1.3-fold difference at a concentration of 50 mM, and a 1.1-fold difference at a concentration of 0.4 mM. With a calculated log D6.5 of 3.7, the measured solubility ratio in FaSSIF/blank buffer was 1.9, which resulted in a calculated dissolution rate ratio of 1.0 (10).
Bases
Dipyridamole and ketoconazole were chosen as a relatively lipophilic weak bases with relatively low pKas. As expected, no difference in dissolution rate was observed for dipyridamole in equivalent (0.2-mM) buffer versus 50-mM buffer. A very slight increase in dissolution rate was observed with addition of bile salts and phospholipids (factor of 1.4 in both 0.2-mM and 50-mM media). Dipyridamole has a measured solubility ratio in FaSSIF/blank buffer in the range of 1.8 to 3.5, which results in a calculated dissolution rate ratio of 1.0 (10). Ketoconazole showed nearly identical dissolution rates in all four buffers with the exception of a slightly diminished rate in the blank equivalent (0.2-mM) buffer. When comparing calculated dissolution rates within the first 2 minutes of the experiments, the impact of buffer concentration was 0.9 with bile salts/phospholipids present and 1.8 without bile salts/phospholipids present (no difference was expected). The differences in calculated rates due to the presence of bile salts/phospholipids was 0.7 for 50-mM buffer and 1.5 for 0.2-mM buffer (a minor difference was expected). Results for the impact of bile salts/phospholipids are in line with a measured solubility ratio in the range of about 1.8 to 5 (10), leading to an expected 1.1-fold increase in dissolution rate in FaSSIF compared with blank buffer.
Atenolol was chosen as a non-lipophilic weak base with a high pKa. Since Atenolol is classified as BCS 1, it has a high So. Therefore, while β < 11, surface pH is calculated to increase to a high and similar extent in both 50 mM and 1 mM buffer. Therefore, the difference in calculated dissolution rates is less than 2-fold. Atenolol was predicted to show a 1.7-fold higher flux at 50 mM than in the equivalent buffer. The observed difference was 1.3-fold.

Finally, tamoxifen was selected as a model compound reflecting a relatively lipophilic base with a high pKa. For this compound, no significant difference was expected between equivalent buffer and 50-mM buffer. Experimental results demonstrated a 1.1-fold difference in the presence of BS/PL and no difference in the absence of BS/PL. A 1.4-fold increase in dissolution rate was expected in FaSSIF versus blank buffer (experimental solubility ratio of 26) (10). Experimental findings agreed with expectations, showing a 1.4-fold difference in 50 mM buffer, and a 1.6-fold difference in 0.3 mM buffer. 


Neutral compounds
Danazol (log P/log D6.5 > 3) and prednisolone (log P/ log D6.5  < 3) were selected as two model compounds to evaluate the effect of addition of bile salts and phospholipids. For these compounds, no difference in dissolution rate as a function of buffer concentration was expected. This expectation was confirmed as evidenced by a 0.9-fold and 1.1-fold difference in the presence and absence of BS/PL, respectively, for danazol, and a 0.9-fold difference both in the presence and absence of BS/PL for prednisolone. As a non-lipophilic compound, prednisolone was not expected to show increased dissolution rate when exposed to bile salts and phospholipids, and no experimental difference was observed. Danazol, which is highly lipophilic, was expected to show an increased dissolution rate in the presence of BS/PL. The experiments confirmed an increase in dissolution rate of 1.7-fold in both 50 mM and 10 mM buffer.


Table S1. Model compounds tested for confirmation of recommendations
	Compounda
	Compound Type
	pKa
	log D6.5
	So (µg/mL)

	Atenolol
	Base
	9.5b
	-2.8c
	13,500b

	Dipyridamole
	Base
	6.2d
	3.6e
	14.5d

	Ketoconazole
	Base
	6.1f
	4.2g
	3.7f

	Tamoxifen
	Base
	8.5h
	4.5i
	0.04j

	Flufenamic acid
	Acid
	4.6k
	3.7l
	1.3m

	Ibuprofen
	Acid
	4.4n
	1.7o
	68n

	Danazol
	Neutral
	-
	4.5p
	0.5q

	Prednisolone
	Neutral
	-
	1.6r
	396j



	a 	Abbreviations used: partition coefficient between octanol and water at pH 6.5 (log D6.5); intrinsic solubility (SO). 
b 	Reference (11)
c 	log P from reference (12). Calculated log D6.5 using log P and pKa.
d 	From reference (13).
e 	log P from Reference (14). Calculated log D6.5 using log P and pKa. 
f 	From reference (15).
g 	log P from reference (16). Calculated log D6.5 using log P and pKa.
h 	From reference (17)
I 	log D value measured at pH 7.4. From Reference (18). ADMET Predictor™ calculated values of 3.3 at pH 6.5.
j 	Experimental data measured at Uppsala University laboratories.
k 	From www.drugbank.ca
l 	log P from Reference (19). Calculated Log D6.5 using log P and pKa. 
m 	From Reference (20).
n 	From Reference (21).
o 	From Reference (22).
p 	From Reference (23).
q 	From Reference (24)
r 	From Reference (25).





Table S2. Experimental Results Compared With Calculated Results from Model Compound Confirmation, Showing Effect of Buffer Capacity/Concentration and Effect of Bile Salts and Phospholipids
	[bookmark: _Hlk25584045]Effect of Buffer Capacity/Concentration

	Compound
	Calculated Equivalent
Phosphate
Concentration (mM)
	 (acids) or
 (bases) a
	Expected Effect Based Upon Recommendations?
	Fold difference in dissolution rate b

	
	
	
	
	With Bile Salts/
Phospholipids
	Without Bile Salts/
Phospholipids

	Atenolol
	0.1
	5.4
	Noc
	Not tested
	1.3

	Dipyridamole
	0.2
	11.9
	No
	1.0
	1.0

	Ketoconazole
	0.2
	12.6
	No
	1.8
	0.9

	Tamoxifen
	0.3
	12.0
	No
	1.1
	1.0

	Flufenamic acid
	0.4
	9.9
	Yes
	2.7
	2.9

	Ibuprofen
	3.5
	7.9
	Yes
	7.4
	8.1

	Danazol d
	-
	–
	No
	0.9
	1.1

	Prednisolone d
	–
	–
	No
	0.9
	0.9

	Effect of Bile Salts and Phospholipids (BS + PL)

	Compound
	
log D6.5 e
	Expected Effect Based Upon Recommendations?
	Fold difference in dissolution rate f

	
	
	
	At 50 mM
	At Equivalent

	Atenolol
	
-2.8
	No
	Not tested
	Not tested

	Dipyridamole
	
3.6
	Yes
	1.4
	1.4

	Ketoconazole
	
4.2
	Yes
	0.7
	1.5

	Tamoxifen
	
4.5
	Yes
	1.4
	1.6

	Flufenamic acid
	
3.7
	Yes
	1.3
	1.1

	Ibuprofen
	
1.7
	No
	1.1
	1.0

	Danazol
	
4.5
	Yes
	1.7
	1.7

	Prednisolone
	
1.6
	No
	1.0
	1.0

	a   = pKa – log So and  = pKw – pKa – log So
b Fold difference in dissolution rate is the ratio of dissolution rate in 50 mM/equivalent buffer
c Although β < 11 and surface pH is calculated to increase, So is sufficiently high (Atenolol is a BCS 1 drug) such that surface pH increases to a high and similar extent in both 50 mM and 1 mM buffer. Therefore the difference in calculated dissolution rates is less than 2-fold.
d A 10 mM buffer was chosen as the low buffer concentration buffer for the experiments. An equivalent buffer cannot be calculated for these neutral compounds due to a lack of a relevant pKa.
e  See Table S1 for references for log D6.5 values 
f  Fold difference in dissolution rate is the ratio of dissolution rate with BS + PL/blank buffer



[image: ][image: ][image: ][image: ]Figure S7. Dissolution Time Profiles for Model Weak Acids and Bases
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[image: ][image: ]Figure S8. Dissolution Time Profiles for Model Neutral Drugs
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6	13.59	12.59	11.59	10.59	9.59	1	1.0002762526330329	1.0024572575621236	1.0188267586303974	1.0604444117430651	7	12.59	11.59	10.59	9.59	8.59	7.59	1.001407084862429	1.0136888717751253	1.1131955484896661	1.4718568720923555	1.5780153331173741	1.1904618398252091	8	11.59	10.59	9.59	8.59	7.59	6.59	1.0251770538243625	1.227476038338658	2.4773422046394535	4.9325333659850621	2.7764036258871481	1.2484416408495389	9	10.59	9.59	8.59	7.59	6.59	5.59	1.2530206112295663	2.8775309657662596	10.371753720455208	11.616411893163111	3.1529777116423512	1.2282081008622563	5	14	2	2	β (= pKw - pKa - logSo)


Relative dissolution rate
 (50 mM/1 mM)




5.5	11	10	9	8	7	6	5	4	1.8	1.8	1.9	3.5	7.7	13.5	17.5	18.100000000000001	α
Equivalent maleate concentration, mM

Basic drug	14	13.5901	12.5901	11.5901	10.9901	10.5901	10.0901	9.5900999999999996	7.5900999999999996	6.0900999999999996	4	1.4	1.4	1.4	1.3	0.92	0.71	0.61	0.55000000000000004	0.47	0.47	0.47	β

Equivalent maleate conentration (mM)

Weak acid

4	1	2	3	4	5	5.5	6	6.5	7	8	1.0009999999999999	1.01	1.1000000000000001	2	11	32.622776601683803	101	317.22776601683825	1001	10001	5	1	2	3	4	5	5.5	6	6.5	7	8	1.0001	1.0009999999999999	1.01	1.1000000000000001	2	4.16227766016838	11	32.622776601683803	101	1001	6	1	2	3	4	5	5.5	6	6.5	7	8	1.0000100000000001	1.0001	1.0009999999999999	1.01	1.1000000000000001	1.316227766016838	2	4.16227766016838	11	101	7	1	2	3	4	5	5.5	6	6.5	7	8	1.0000009999999999	1.0000100000000001	1.0001	1.0009999999999999	1.01	1.0316227766016839	1.1000000000000001	1.316227766016838	2	11	8	1	2	3	4	5	5.5	6	6.5	7	8	1.0000001000000001	1.0000009999999999	1.0000100000000001	1.0001	1.0009999999999999	1.0031622776601683	1.01	1.0316227766016839	1.1000000000000001	2	pH


Relative solubility



Weak base

5	1	2	3	4	5	5.5	6	6.5	7	8	10001	1001	101	11	2	1.316227766016838	1.1000000000000001	1.0316227766016839	1.01	1.0009999999999999	6	1	2	3	4	5	5.5	6	6.5	7	8	100001	10001	1001	101	11	4.16227766016838	2	1.316227766016838	1.1000000000000001	1.01	7	1	2	3	4	5	5.5	6	6.5	7	8	1000001	100001	10001	1001	101	32.622776601683803	11	4.16227766016838	2	1.1000000000000001	8	1	2	3	4	5	5.5	6	6.5	7	8	10000001	1000001	100001	10001	1001	317.22776601683825	101	32.622776601683803	11	2	9	1	2	3	4	5	5.5	6	6.5	7	8	100000001	10000001	1000001	100001	10001	3163.2776601683804	1001	317.22776601683825	101	11	pH


Relative solubility



1	2	2.5	3	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	31.621808255082158	31.613095890759389	31.592184417266573	31.526244141785348	30.684083461747214	28.838887819712568	24.265560408556254	16.311388300841902	8.3572161931275364	3.7838887819712541	1.9386931399365688	1.3031958079374633	1.0965324598984139	1	1	1	1	1	1	1	2	2.5	3	4	4.5	5	5.5	6	6.5	7	7.5	8	8.5	9	9.5	10	10.5	11	1	1	1	1	1	1.0965324598984139	1.3031958079374633	1.9386931399365688	3.7838887819712541	8.3572161931275364	16.311388300841902	24.265560408556254	28.838887819712568	30.684083461747214	31.31958079374634	31.526244141785348	31.592184417266573	31.613095890759389	31.619714630220798	pKa


Cs pH 7 / Cs pH 5.5 (acid) or Cs pH 5.5 / Cs pH 7 (base)



pH 5.5

3	11	10	9	8	7	6	5	1.0278078817733989	1.2508199446820731	2.4820639459318952	4.3319818037974684	2.7879724982736365	1.437948467058056	1.0845293930951792	5	11	10	9	8	7	6	1.021068332245735	1.179946439994362	1.8024135383316326	1.9312088883975456	1.2025441311520018	1.0197098475967175	6	11	10	9	8	7	1.0065646149824266	1.0504206785529873	1.155215245873745	1.1233252800351416	1.0223723723723723	4	14	2	2	α (= pKa - logSo)


Relative dissolution rate 
(50 mM/1 mM)
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