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Abstract — In this study, the solubilities of a pharmaceutical compound, nifedipine, in three mixed solvents were determined.
In addition, the nifedipine, that was dissolved in solvents (acetone, DMF, methylene chloride), was recrystallized using
antisolvents (water, hexane, carbon dioxide) The external shape, size, and melting point of the crystallized nifedipine
were measured. As the mixed solvents, acetonetwater, DMF+water, and methylene chloride+hexane were used, and the
solubility of nifedipine decreased with increasing antisolvent concentrations in the mixtures. In case of acetone+water,
the solubility maximum was observed due to the density anomaly of the mixture, and this phenomenon was not observed in
other systems. The crystallized nifedipine particles exhibited the bladed, equant, and prismatic habits, and the particles
size was significantly reduced compared to the raw material. The average particle size of raw nifedipine was 337 pm,
and the size of crystallized particles was in the range of 11.6~69.8 um. All the crystallized nifedipine particles had the
same thermal behavior and this result was not influenced by the change of solvent and antisolvent.
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Table 1. Physico-chemical properties of nifedipine

Properties
Chemical formula C,7H;gN,O¢
Molecular weight 346.3 g/mol

Solubility Soluble in acetone, methylene chloride,
chloroform, ethyl acetate
Melting point 445~447K
Usage Manage high blood pressure

Chemical structure
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Fig. 1. Experimental apparatus for the antisolvent crystallization. (A)
particle size analyzer, (B) constant temperature bath, (C) sample
collector, (D) ultrasonic probe, (E) drug solution injector, (F)
ultrasonic generator, (G) crystallizing chamber, (H) magnetic
stirrer.

RS EEo e

< Fig. 19] &454
Felaisict. 1 v,
S]] Yt Efo] st g v Ul®2 7Y
3101, o] g elA Yt e stel A4t 2ldiy = Bfol
FEE T o] L EAFYT7IL YA goHo] B Azl
W7ER] Al A e ol H gt A gk A2 Sl o w-EA)
T WS ATFEA 2 o R eE

2 AFoA = HHEE 2 ol iksl ek A S Agshe AP E S8t
ATt Aol AFE-E AP A o L 380 AlAE Hike} 2
o} Adox = WdRER | 58 Sl 2 AREste] YFta &
H(0.06 g/mly= ZANS th, o] 8 10 mIE Azl FY3k3
Tk 2 ths, &9 Y2 o ikslekAs FYlste] S vhEmiE &
Fasitt. olitsle st Al FY o] AAx9 o] sk
87 sheoll TsiA Ela A= Yut]o] Ao HEE I
Aol ehnEH A oA oikslekast SulE Al A - Yo
3 g AFSSGITE A8 B3l Doixl Yva Ak
AR 1| (SEM)ZF 474 7] (Differential Scanning Calorimeter,
DSC)E ARg-all 24153t

3.8 It
3-1. LHIC[E2| Sl=
Fig. 2= Al T/<] &mll+ihgvl] 3521 obME+=(Fig. 2(A)),

DMF+E (Fig. 2(B)), W€ A ZZ2to] =+34kFig. 2(C)) = 3-&-uljo]
gt Yo 2] Sl =E Vel ek £3Em dlel e &
] 8] FEE 100-60 vol% = W SAIF 31, 83 == 298~318 K]
2=l LolA St AP A, Al A9 2T E5-Em) el
HEgw 2] H]go] TS Yet)a o] $el| Tt fhashs A
Btk SallEe) tist 252 o R BE Ao 257}

Korean Chem. Eng. Res., Vol. 58, No. 1, February, 2020

A=
(A) 0.30
N — —m— — 298K
A ——-%—— 303K
025 7N ——a—— 313K
AN —.—+.—. 318K
= ) PN
= o204 . N
E 7 : T
(=} ( N -
> 1 AN k‘\ N
= 0.154 x \\ AN
= - <O
E ¥R "\\x\ ~
& o1 ¥ o s E N
[ § S~o NN
~ N
l\\ o ‘Q-_.\
i N
0.05 ~ S~ i
‘l\\\:\\i
0.00 . T T T
100 90 80 70 60 50
Acetone Concentration (vol%)
(B) 0.6
. — —=— — 208K
054 \ ——-%—— 303K
N — —A— — 313K
NI —+—.. 318K
0.4 4 o\
E \
£ N
S 03+ W
2 F——e \™
H X A N
S 024 BN
=2 [ X ~
8 1—.‘1 \.\ o
— ™ .\
017 ™~ | SN
- TS
\\\\-.
0.0 | \.‘\-
100 90 80 70 60 50
DMF Concentration (vol%)
© 0.12
X —-m— 298K
0104 >\ ——%—- 303K
. \)‘
L —
- '\\ =
£ 008 A *
) AN
2 \\ AN
E 0.06 o - \\
E] TR %
3 w T~
B 0.04 -__
i\\\\\\
0.02 4 IS
X A
0.00

100 90 80 70 60 50
Methylene Chloride Concentration (vol%)

Fig. 2. Solubility of nifedipine in the three solvent+antisolvent mix-
tures. (A) acetone+water, (B) DMF+water, (C) methylene
chloridethexane.
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Fig. 3. SEM photomicrographs of nifedipine particles that crystallized from various solvent+antisolvent mixtures. (A) raw material, (B)
acetonet+water, (C) DMF+water, (D) methylene chloridet+hexane, (E) methylene chloride+carbon dioxide.

Korean Chem. Eng. Res., Vol. 58, No. 1, February, 2020



96 7 -

AAES] AHE F AH ¥ (columnar) YAFS] HeE 7kl AL
2 YERITH(Fig. 3(A)). ¥ha v A243E A 449 QdE
& A% 3tel] AR Guljo} REE 2] Firel mEt B Aol & K
At gulj o} vEgw o] o] o N E+ER] H9= BirAd 7
3 (bladed)?] £18-S LFERS) 1 (Fig. 3(B)), DMF+=%1 7
G} A RokS B 3ITHFig. 3(0)). olEE Bk 98
g 2h@lek(lamellar) F el e Sk £ 9} vk o] Z o
e alZZeto] =4+alakel 791 124 141 (equant)?] €13
UERNLC H (Fig. 3(D)), MlE dE 2 elo] =40 atsleligl 79+
A3 245 7FN ZE)E53 (prismatic)?] S B3 THFig. 3(E)).
o]} o] Yutdolgh= FUdH Aok o] A3k u|, 443}
7h dofub= wijA el whet A7 YApe] moko] Mgt AP, &
v} 2wkl 7k 7R EEshehA SAo] Yt A7) A4 v
AUSTE RIStk ARL-S et

AA A=}l B oke AXEA (erystal habitye]2har -1k A7 9
98 A7) Wiy-x7t Wstehd weba] wiglel 4= glom, vk
AR U AR E I HAS e 5 vk A ¥
o] sz #dellM A7) AR 2= YA fFAlshEA L,
A7) el e = 5 e o] Mgl 1 FA%
W3k ek A7 2] FA Gl EAlh= AloRdite] At
71FEeh= 1Al 24 o) ol g o7 duyo] Agkel-tfe] &
& Sl o] 2 gl o] o] up A F3] ek = 9l
I Are] A= Ut A%l A37dshs 381 &gk wkgu
o] Wigte] whet A= v AREAES 7RItk 28 HolFa Q)
o} o]y st A= Foi7l Ao At 23S Ak FHE
57 A8, Aol AMEERE E3gue] 23S A HS
ol AEek 5 Qlohs ARS el 3, o714 ARSEL v
o} whgmj| o] ofuf gt E/dwis) wlitell el S4e Aol v
SAREAE sl AAlRA ofgfgo] Qlthe AMS 8t
Ell=3

Fig. 4= A5} A7 she Yult]a 2] Fteixt 27]1E RolF
a1 9tk 1Ak A71%= Fig. 39] SEM ARe] Q= J#ke] o]w]#] 2
715 AR 45810 1 BAgks Axkeo w2y ik Ysio)
QA7 ARF HtA7)E= 337 pm o™, A3k AR HtA
715 Giukgmi o] Zgtell whet 11.6~69.8 ume] W Llell JISiTh

o ki i il
e Wy e

—

o

o o

Type of Solvent + Antisolvent
350 1 : Raw Material

2 : Acetone + Water

3 : DMF + Water

4 : Methylene Chloride +Hexane
5 : Methylene Chloride + CO,

250

200

150

Average Particle Size (micron)

100

i I
ol || - L
1 2 3 4 5
Type of Solvent + Antisolvent

Fig. 4. Average particle size of nifedipine that crystallized from various
solvent+antisolvent mixtures.
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