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Abstract — Since the quality and performance of medicinal products are heavily dependent upon the size, shape and
polymorphism of active pharmaceutical ingredients(APIs), their crystallization has been regarded as one of the most
important pharmaceutical processes. In this study, NIR-based inline measurements were employed to monitor key
attributes of API particles real-time during the crystallization process. Principal component analysis(PCA) method was
selected to correlate inline NIR spectra while the well-known aspirin was studied as a model drug. According to our
characterization results, the ratio of ethanol to acetone did not cause any change in polymorphism, but resulted in a signif-
icant difference in the nucleation time, crystal growth and crystal shape. These phenomenological changes were well cor-
related with the PCA’s implications. It turned out that the NIR-based inline monitoring technology can be employed well in
observing and predicting key quality attributes such as crystal size during pharmaceutical crystallization processes.
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Aol mek, A7) 1 37183, 1831 v A (polymorphic form) 5
o] girt. Add A =], Wk W Bk AR AXEEe T
gl F Jeks ok AlekiotelA ] el A el wh=H, A7 €]
7] W B A2 A (tablets)2) U (density), 7% (strength)
9} 8% &% (dissolution rate)el]  F&S vE 4= glom, A2
B T #-573 (flowability)H A FE ¥do] vk, 9k, v
EX4J 9] 2po]i= oA (stability), £-3l = (solubility) W A Ao] &5
(bioavailability)2} 22 €A 2] k3% (finished pharmaceuticals)®] 44
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like) BAS =w, Ak} n-Feta} 22 v]573 Erllelxs 3
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2-1. Aspirin 28}

B A9 aspirin A3} oAM= ARt} oES vt
2ol 57k 8] vl &= Ejtsto] Sz ARE-Sklth OolehE
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Fig. 1. Schematic of experimental setup.
1. Temperature indicator 5. Stirrer bar
2. Temperature probe 6. NIR fiber-optics probe
3. Water bath 7. NIR main body
4. Agitator 8. Personal computer
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4 FoJZ aspirin FZ2] AT Xoray diffractometer(XRD,
Miniflex, Rigaku, Japan)E ©]&3}o] &2 ¥ It} 57 ¥ Bragg
angle®] H$I= 5~50%1%1aL, Z step 17|+ 0.04%0]W, 1 s/step2] &
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S ARS8 PCA(principal component analysis)@ 298} T},
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7Ne] At z3do] AQ Gl 12 AHlE E ok AT ¥
J3} #3F 7JEl= scanning electron microscopy(SEM, S4300-SE,
Hitachi, Japan)s- ©]-8-3}o] {48151t SEMS7 el 22 gold
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Fig. 2. XRD patterns of aspirin crystals prepared in various sol-
vents.
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Table 1. Size distribution of ASA(aspirin) crystal after S-hr crystallization process

Solvent condition (ethanol : acetone)

Aspirin form [ 100:0 80:20 50:50 20:80 0:100
Mean diameter (pm) 295.50 125.86 87.00 100.03 77.52 130.04
S.D. 131.75 85.65 5111 64.44 48.11 75.90
D10 (um) 146.03 32.29 25.62 24.40 21.71 39.39
D25 (um) 198.47 65.99 46.93 48.64 39.46 74.98
D50 (um) 273.59 114.54 80.15 89.72 69.50 122.20
D75 (um) 384.92 168.75 120.73 141.23 108.10 176.21
D90 (um) 487.15 223.26 159.69 191.96 146.48 227.32
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Fig. 3. A series of NIR spectra (for 100% ethanol): (a) as-acquired
and (b) after baseline correction.
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Fig. 4. PCA score plots of NIR spectra for: (a) ethanol 100%, (b) ethanol 80%: acetone20%, (c) ethanol 50%: acetone 50%, (d) ethanol 20%:
acetone 80%, (e) acetone 100%.
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Fig. 5. SEM micrographs of aspirin crystals prepared from: (a) ethanol 100%, (b) ethanol 50%: acetone 50%, and (c) acetone 100%.
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