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Figure 1 (Color online) Schematic of API/polymer phase diagram;
the solid line denotes the solubility curve and the dashed line denotes
the glass transition temperature curve.
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ceptron, MLP), ¥4 #6754 te 52 2 $((R-square, RY)H11]
7 1Rk ZE (root mean square error, RMSE).
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Figure 2 (Color online) Solubility curves of allopurinol (a), mesala-
zine (b), oxcarbazepine (c), etodolac (d), and probenecid (e), at RH =
0% (black), 60% (blue), 75% (red), where the solid lines denote API/
PEG 6000 and the dash-dot lines denote API/PVP K25.
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W 1L I PC-SAF TR A S 40— 35 48
GtHLEs = ) Bk, R WERIAAA R, BRI 2
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AN S EIRR AR — E R L3 m THLEs 242
FRI UGS 71, BENLAR AR EIRAE ZA AR AR
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Fe 1 WU TR L KRS CRAMG PC-SAFTS )
Table 1 The accuracy of machine learning for the solubility dataset
(without the PC-SAFT parameters)

VAR -V ZRAR
2

VAR LA SR

B8 2 > B0k >
RMSE R RMSE
e 0.875 0.100 0.835 0.114
BEALAR A 0.946 0.0658 0.920 0.0806
SRR EAL 0.903 0312 0.660 0.583
k-4l 0.806 0.126 0.805 0.123
Z JZEFIL 0.850 0.388 0.838 0.403

F 2 WLAS T TN B B AL IR ORS FE CR AR & PC-
SAFTZ%))

Table 2 The accuracy of machine learning for the glass transition
temperature dataset (without the PC-SAFT parameters)

BB R -GS BOR AR -

GRS N AT

R RMSE R RMSE
IR 0.855 14.7 0.825 15.7
BEHLARbK 0.995 2.53 0.959 7.52
SCHE AL 0.913 0.295 0.757 0.493
k-4 0.755 19.3 0.692 20.1
Z 2RI 0.958 0.205 0.952 0.218

3 LA S TRIVE ML HIRS L (R & PC-SAFTZ )
Table 3 The accuracy of machine learning for the solubility dataset
(coupling the PC-SAFT parameters)

TR LU 2R 5E
2

TR EE-TREE

HLas 2 > 580%

RMSE R RMSE

TR 0.894 0.0919 0.877 0.100
BEHLARAR 0.996 0.0189 0.970 0.0483
SCRFE AL 0.915 0.291 0.881 0.344
S el 0.850 0.110 0.858 0.107
Z 2RI 0.871 0.359 0.861 0.373

F R RE R I B — 8, RSO I BE AL AR
RS T AU AN 53 7 G5 R R 10 5 A 12 Ak
HLA AT S TR0 8

HFIH SHAP 73 17 B 5 73— 3 157 %55 AS [ AH % 8 i
YR AR E A, g5 R unE3e, d
Fiw. ZERRER T AN RREAE X T 25 SR 52 0 f K /N
7, A AR F IR, SRR SHAPENK
/N, SHAP{E 1 = B AT AL Gk 23 B T AE .
b el LAE H, RS 2R R A IR
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R4 HLasE ST TN B A AR L AR E (B & PC-SAFT
250

Table 4 The accuracy of machine learning for the glass transition
temperature dataset (coupling the PC-SAFT parameters)

BRI ARRIE- IS BORLEARIRE- T

B8R 5 S 5 > 2
R RMSE R RMSE
SRR 0.870 13.6 0.840 15.7
FEHLARBK 0.998 1.53 0.992 3.32
SRR AL 0.993 0.0814 0.976 0.155
S el 0.688 21.49 0.599 23.9
Z IR I 0.965 0.187 0.952 0.219
(a). (®) -0 2

(c) (d)

ature Importance (Solubility) High Feature Importance (Glass transition temperature)

Feature value
Feature value

TTT’TTfQTJ-‘-$-L+¥
t

- -L+++-o—+w—v-r1~+1-+

T4 02 o0 0z o4 o5 LOW W0 0 0 20 @ 6
SHAP value (impact on model output) SHAP value (impact on model output)

B3 (W4 ORI BEATL AR PR SRR 25 WA B b s it P
(a, VMR E M PIEM LA TL (b, d) T 25 R RFAIE
ZEEHEA

Figure 3 (Color online) Random Forest algorithm for drug solubility
in polymers (a, ¢) and API/polymer glass transition temperature (b, d)
predicted results and feature importance ranking.
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AR BB 54450 RAMNEBRR
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Figure 4 (Color online) Random forest prediction of the phase
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Model study and machine learning prediction of phase behavior of
drug/polymer complex systems under different relative humidity
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Abstract: To rationally design, prepare, and store pharmacological formulations, it is crucial to understand the phase
behavior of complicated drug/polymer complexes under varying relative humidity conditions. By creating
thermodynamic models of vapor-liquid and liquid-solid multiphase equilibria and Gordon-Taylor equation systems,
the thermodynamic phase behavior and glass transition temperature of drug/polymer at different relative humidity (RH =
0%, 60%, and 75%) were studied in this paper. Combining five distinct machine learning algorithms with the perturbed-
chain statistical associating fluid theory model parameters and molecular structure descriptors creates a novel approach
for predicting the phase diagram of drug/polymer complex systems under different RH. The results demonstrate that the
random forest algorithm has the highest prediction accuracy among machine learning techniques combined with
thermodynamic model parameters and molecular structure descriptors. The determination coefficients R of the test set
results of drug solubility in polymer and glass transition temperature curves at different RH were 0.970 and 0.992,
respectively. The study further shows that the machine learning algorithm coupled mechanism model parameters and
molecular structure descriptors can achieve accurate prediction of drug/polymer phase diagrams under different RH,
which is expected to provide effective guidance for rational design of drug preparations, preparation and storage
conditions screening.

Keywords: amorphous solid dispersion, relative humidity, thermodynamic phase diagram, machine learning, phase
equilibrium
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