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The derivation of the enthalpy of fusion of a drug in contact with polymer:

The system contains a polymer rich phase P1 and drug rich phase P2. The solubility of the drug in polymer is defined as: 

Figure S1: Schematic presentation of the procedure used to study drug-PLGA interaction (represented by loading capacity) in the 20% ACN/MQW 
solvent/antisolvent mixture: (A-B) demonstrates the preparation of the drug loaded NPs, (C) separation of the free drug using Vivaspin® and (D) 
quantification of the drug loading using HPLC.

Figure S2: Schematic presentation of the procedures for studying the input of drug adsorption in drug loading of PLGA NPs.
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𝐾𝐷 =
𝑀𝐷1

𝑀𝑃1

Eq. (1)

Where, MD1 is the mass of drug dissolved in polymer at equilibrium and MP1 is the mass of polymer in phase 1 (P1). 

Similarly, the solubility of polymer in molten drug is defined as:

𝐾𝑃 =
𝑀𝑃2

𝑀𝐷2

Eq. (2)

Where, the subscripts refer to polymer and drug in the drug rich phase.

The mass balance of the drugs and polymer is MD= MD1+ MD2 and MP= MP1+ MP2, respectively, when MD is below the mass of drug 
soluble in polymer, the heating process may cause dissolution of the drug before the melting point of the drug crystals is reached. 
This will depend on the kinetics of dissolution which will be affected by factors such as heating rate and the intimacy of the 
drug/polymer mixture. If some fraction, F1, of the soluble mass is dissolved before the melting point of the drug is reached then:

 𝐹1𝑀𝐷1 =  𝐹1𝐾𝐷𝑀𝑃1 Eq. (3)

The fraction not dissolved is F2, and thus F1+F2=1. The solubility of the polymer in drug is assumed to be small and will only occur 
when the drug to polymer ratio is very high according to Qi, S. et al. 1 Therefore, MP2 is small hence MP≈MP1 and MD≈MD2, and 
consequently MDKP=MP2. The amount of crystalline drug remaining above the saturation limit is:

𝑀𝐷 ‒ 𝑀𝐷1 =  𝑀𝐷 ‒ 𝐹1𝐾𝐷𝑀𝑃 Eq. (4)

When drug dissolves in polymer there will be a heat of dissolution, HDS, which, in general, will be exothermic. The heat evolved in 
dissolution will be:

𝐻𝐷𝑆 =  𝐹2𝐾𝐷𝑀𝑃 Eq. (5)

If the heat of fusion is HF, then the heat change on melting will be:

𝐻𝐹 =  [𝑀𝐷 ‒ 𝐹1𝐾𝐷𝑀𝑃] Eq. (6)

Similarly, the heat of dissolution of the polymer in drug will be HPKPMD. where, Hp is the heat of dissolution of the polymer in the 
molten drug. The total heat change on melting will be:

𝐻𝑇 = 𝐻𝐹[𝑀𝐷 ‒ 𝐹1𝐾𝐷𝑀𝑃] + 𝐻𝐷𝑆𝐹2𝐾𝐷𝑀𝑃 + 𝐻𝑃𝐾𝑃𝑀𝐷 Eq. (7)

It is important to note that if drug dissolves before the melting point the total mass of drug available to melt will be reduced and 
if saturation is not reached before melting then the heat of dissolution of the drug will contribute to the observed heat change on 
melting. From Eq. 7, the heat released per unit mass of drug plus polymer is:

𝐻𝑇𝑀 = 𝐻𝐹[𝑋𝐷 ‒ 𝐹1𝐾𝐷(1 ‒ 𝑋𝐷)] + 𝐻𝐷𝑆𝐹2𝐾𝐷(1 ‒ 𝑋𝐷) + 𝐻𝑃𝐾𝑃𝑀𝐷 Eq. (8)

Where XD is the weight fraction of drug in the system.
Eq. 8 is linear in XD in the region where HPKPXD<< HF[XD-F1KD(1-XD)] + HDSF2KD(1-XD), which is the case for most levels of drug to 
polymer ratio except when the drug to polymer ratio is very high. When F1= 0: i.e. no dissolution before melting, then

𝐻𝑇 = 𝑋𝐷[𝐻𝐹 ‒ 𝐻𝐷𝑆𝐾𝐷] + 𝐾𝐷𝐻𝐷𝑆 + 𝐻𝑃𝐾𝑃𝑀𝐷 Eq. (9)

Since the term HPKPXD is small and can only become significant when XD>1, it may be ignored at low weight fractions of polymer.
Hence, when F1= 1: i.e. dissolution saturates the polymer before melting,

𝐻𝑇 = 𝑋𝐷[𝐻𝐹 + 𝐻𝐹𝐾𝐷] ‒ 𝐾𝐷𝐻𝐹 Eq. (10)

From Eq. 9 when HT =0, 

𝑋𝐷 = 𝐾𝐷𝐻𝐷𝑆/[𝐻𝐷𝑆𝐾𝐷 ‒ 𝐻𝐹] Eq. (11)
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From Eq. 10 when HT =0,

𝑋𝐷 = 𝐾𝐷𝐻𝐹/[𝐻𝐹(1 + 𝐾𝐷)] Eq. (12)

In Eq. 9, HF and HD will typically have opposite signs and since |HF| > |HDSKD|, XD is positive. In Eq. 10 if KD << 1 then XD = KD and 
the intercept on the X axis is the solubility of the drug in polymer.
It is not usually possible to determine with certainty what the value of F1 is as at low drug levels as the heat change on melting 
may be small and partly compensated by the heat of dissolution of the drug in polymer, so that no heat change is detected.

Figure S3: Plots of melting enthalpy of KPN with PLGA physical mixtures.
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In the case of clofazimine there maybe evidence of the dissolution of polymer in drug as shown in Figs S4 and S5
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Figure S4: Straight line fit of CFZ enthalpy of melting in contact with PLGA with 5-point data fit. Note the point at 80% PLGA 
deviates from the fit by more than standard deviation of measurement.
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Figure S5: Straight line fit of CFZ enthalpy of melting in contact with PLGA with 4-point data fit excluding the 90% data point. 
90% PLGA deviates from the fit by more than standard deviation of measurement. The deviation of the 90% data point in 
Figure S4 is consistent with the effect of polymer dissolution in the molten drug as discussed above.
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Table S1: Values of K* when assuming that (a), that the solubilities of the PLGA in the solvent mixture is zero and (b) when it is the equilibrium measured solubility.

Drug DOS
K* (a)

(/(ml/µmol)
estimated error of 

fit
K*(b)

estimated error of 
fit

CFZ 0.8 1.48x10-1 4.90x10-3 1.92x10-1 2.09x10-2

SFN 0.8 4.90x10-2 4.60 x10-3 5.57 x10-2 4.47 x10-3

IND 0.8 1.20x10-2 9.10 x10-4 1.40 x10-2 9.5 x10-4

KPN 0.2 2.00x10-3 1.94 x10-5 2.60 x10-3 3.5 x10-6

KPN 0.4 2.36x10-3 1.50 x10-4 2.52 x10-3 2.13 x10-4

KPN 0.8 4.08x10-3 1.20 x10-4 4.43 x10-3 1.51 x10-4

Figure S6: TEM images of blank PLGA NPs prepared at 9.4x DOS of PLGA.
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