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Abstract Cocrystallization of active pharmaceutical ingredients has been widely recognized as a versatile tool to regulate
the physical properties of pharmaceutical compounds through designed crystal structures. Grinding or milling has been
especially useful to screen the feasibility of cocrystal formation, and the addition of a small amount of liquid is routinely
necessary. In the present study, the effect of temperature was studied for the milling cocrystallization of ibuprofen and
nicotinamide to establish a liquid-free method. The milling-induced cocrystallization was more effective with liquid nitrogen
cooling than at room temperature, which was confirmed by XRD and DSC analyses. This behavior was attributed to the
limited molecular mobility below the glass transition temperatures of the cocrystal components, which made it effective to
destruct the crystals of raw materials and consequently form the ibuprofen/nicotinamide cocrystal. Further studies would be
necessary to establish the utility of the current conclusion to the field of pharmaceutical crystallization.
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Fig. 1. Chemical structures of (a) ibuprofen (IBU) and (b) nic-

otinamide (NCT); (c) molecular arrangements of IBU/NCT

cocrystal where hydrogen bonding is indicated as turquoise
lines [5].

nicotinamide(NCT, >99.5 %)= Sigma-Aldricholx
i3kt IBUSE NCTS] EA-%+= Fig. 1(a)2k (b)ell
2}z YeEpdom, IBU/NCT =1 : I(molet])2] & 2
AA FZ2= Fig. 1(cPl BIH5, 8]. 8uE Hrtst &
ARsts w3S wEt Adsh] flste] o8- ethanol
(99.9% HPLC gradey> AFdeeFggolr #9433t
)M ESHH(FTIR spectroscopy) w29-8 KBr(FTIR
grade, > 99 %) Sigma-Aldrich®] #|F2 |83t

22. AH Ax

ol ot A Axe AAALZ Y7hst %9
oA ZHzb Kl siint. AL oA o] WEe
SPEX SamplePrep®] Freezer/Mill 67702 °©]-8-315=t],
FAF] 6757 microvial set(A& 7 mm, Z°] 110 mm)e}t
6757P stainless steel impactor(Al& 3 mm, Z2°] 64 mm)
£ ARSI Zd2ellxe] Ee2 Retsch®] MM 200
ol gald=dl, AU e stainless steel jar(R& 52
mm, Z°] 52mm)e}t 2719] stainless steel ballXE 18
mm)S ARE-SIAATE

FA4 AxE IBUNCT=1: l(moled]) =5
ezl "' A7 frequencyolld] AHElste] a5kt
AR 25 R A2 A FEeE 5, 10,
202 IE A7kt 50 10, 15HzS] UH  frequency=
o A7 frequencyell W A4 A A
A=, "E A7 5 dE 17 BAY
g AR gsted ALtk gk A
4 5 UEdA e Uy AlF el 37| ARzt

Ol

o}

<

nRete 2 $AA e AEE A1 fEiA o] #
liquid-assisted grinding W'HE  ©] &3} TH2,
6]. ZAAPEe] 9A] IBU/NCT =1 : 1(mole¥]) EHE2
93 308 59t Zol =+, ethanolS 1-28 7HHS
2 3 e Yo Iy T AALHA SLEA ST

Bruker AXS®] D2 PHASER diffractometer2} Si low
background A& EHE ©]&3l9aL, 20-0 E=oA 20
W] 8°-35°% 1°/minSZ A7k Al5e] 8§ 54
2 Mettler-Toledo®] DSC3E ©|-8-¢t AJXGAME ZHEA
H(DSCYe B3l Ay EUth DSCe AR Aol Ing
olg3st] ey} 255 BASINOH, N, £917]0lA
10°C/min®] £=2 F23I30th T e Alge] &
A7t dEAE ¥skE A flete] A9 B
(FTIR)E ©]83139t). ©]& $I8] Thermo Fisher Scientific



234 Jinok Ham, Jisun Jang and 11 Won Kim

9] Nicolet iS10 FT-IR Spectrometers ARE-3l90H, 4
o] Ag7F ¥3H KBr t|A2IE WES] transmission
modeo|A] wavenumber 3500-500 cm™' S ¥S BASINT]

Aol M 324 94 =S XRDE 3 w4t
Q-

ATk Fig. 29} 30A= AAAL 259} A2olxe] o
& AZHL frequencyo] ™E XRD &S] #stE HS

=t, 3449 I == 98 ¥ 344 7IE MR

Fig. 2(aplle AAd4 £xoM SHzEZ UHIS
u, ¥& A7kl wE XRD pattern H3E B3k

o] AFE 14.64%0149] NCT peak(A )M 7F4 53
o] YyehH, ¥44 AL 15.01°9F 17.05%14 Z+=zt

(a) 5Hz

Intensity (a.u.)

8 10 12 14 16 18 20 22 24 26 28 30

260 (degrees)

UERE peak(#)E B3l 31 5 ek B Alzdel
2 A4 949 F7b} Fale] AFEAE, 208 F
= 3] 7] Y957} vk EAse Aew melr)

uf, ¥ frequency°l] W XRD pattern H3}E RSt}
5, 10 HzoM 550] ASEAE 14.64%014¢] NCT peak
(ARl 15 HzlM = AL AR Zlo = Hof, iiie
A5t ¥ARskE Jor 4T+ sk

Fig. 3(aelle 20l SHzZ 2Ha09E w, 23
A7kl W XRD pattern H3FE HYTH 14.64%)4 9]
NCT peak(A)9F 15.01° B 17.05%14 77 Yehhe
FAA peak(@)ZS vlwshH, 2AA d4 AL o5

uugk Ag RIS 4= AATE Fig. 3(b)ll B ZAH
oA 208 FF HHsks 7oA 2H  frequency

£ 15 Hz7KA S7WARE, 344 diffraction peak R.Th
A5 peake] A FEA AFH AT

e A3E TSP, () AA-AE 2=olx o] UE
o] Aeoxe] Wy nrh AtjFos IBUNCT 324

(b) 20 min
[

Ae
5Hz

10 Hz

15H ‘
7 /\

Cocrystal A N

Intensity (a.u.)

‘/\A\/\/L/

8 10 12 14 16 18 20 22 24 26 28 30
20 (degrees)

Fig. 2. XRD patterns of crystals obtained by grinding IBU/NCT =1 : 1 mixture in the freezer mill: effects of (a) milling time (5 Hz)
and (b) frequency (20 min). Also shown are those of IBU/NCT cocrystal, IBU, and NCT.
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Fig. 3. XRD patterns of crystals obtained by grinding IBU/NCT =1 : 1 mixture in the room temperature mill: effects of (a) milling
time (5 Hz) and (b) frequency (20 min). Also shown are those of IBU/NCT cocrystal, IBU, and NCT.



Liquid-free milling to prepare a cocrystal of ibuprofen and nicotinamide

Pl maolgler, (i) el A7+ frequency©ll
Hlgsle] 44 84 A=7F S718FAT

3.2. U®) 7Hge Al89] DSC 2 FTIR #4

AEA] %S IBUNCT T E£3HE2] DSC 4#4=
Fig. 4(apell A=, ol ¥d 73t A|52] DSC 2
= a)Xsr] 9% 71% AB7) "ok IBUNCT E£8&
S s 240w Al TR se @3 3=
AT HA Z=Ho] w2 IBUZE 67.8~70.5°C
N ZH=H(V), NCTY 2802 el IBU H=4
Ql 75.5°C Ho} w2 2LdA] H94Th o]F 89~90°C
Are] 2xojlA #SE= 88370 (€)> IBUNCT &
AR 822 MY & e, IBU melte] EA)
stoll NCT7F ®E&3te] 24 0] JHs = Aoz Bl
o} o3t M2 &8 AHskE FS IBUNCT 34
A A Axel dXsks Aelths, 7] 110.7~122.3°C
oA TZHE SFIF(A)S T NCTY §§o=2
gAe 4 A=, IBUS 2Heo= e NCT H=4

il

g 5

(a)

20

,INCT
IBU/NCT=1:9
—~ 20+
H
E
2 4o
= \/ IBU/NCT=9:1
2 [ IBU
-80 \\[
exo up

-100

Temperature (°C)

40 50 60 70 80 90 100 110 120 130 140

235

9l 128.2°C Hru} vhe 2mojA] =3ttt IBUNCT &%
=9 /o] 12 8§ phase diagrame Fig. 4(b)ell X
ATh.

Fig. 5@@ele dAdL 2504 5HzE UHERES
u, W& A7k w2 DSC thermograme YERY A=),
HwE 98l 98 B 344 7% AlE9 thermograme
7ol #AEIGITE IBU £8(V)S EE AFoA &=
g = e IBU 48 enthalpy:= 5, 10, 208 59t
o "AYol|A 712}k 5.0, 2.0, 0.48 kI/moloE VFERGTHE
23kA] %S IBUNCT=1:1 E£3=xe IBU &&
enthalpy= 30 J/go]t}.). Fig. 5(bele dAELE 2=
oA 20i Bt BHEAS W, B frequencyol] W
DSC thermograme X1+, IBU €8 enthalpy= 5,
10, 15Hz ¥l ZHzF 0.48, 0.48, 0.20 kJ/moleZ2
vebstth olefgt Aa= dE A} frequencyol] wWE
TAH S7FE B=S XRD 413 dX|gk= Aotk
S, IBU &8 Foll= 34749 £5(e)rl 922~
92.7°Col A A=A B=HU oW, o= Fig. 45 53
A4 = AN Aol

(b)

140
13°i A: NCT melting
4: Cocrystal melting
w{ 2 V: IBU melting
Q 110 A A
2
3
s 100
g
E 90 . * *
80 A
Y
70 4 v v v v v
60

T T T T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

IBU mole fraction

Fig. 4. (a) DSC thermograms and (b) phase diagram of IBU/NCT mixtures in various mole ratios.

(@) 5Hz

| 5min v *

10 min
20 min
201 \ // Cocrystal
[f IBU

YA NCT
Y

|

exo up A

N
S

Heat flow (mW)
A
o

&
3

-80 4

40 50 60 70 80 90 100 110 120 130 140

Temperature (°C)

(b) 20 min
20
ol 5 Hz v .
10 Hz
115 Hz
2 Cocrystal
3 w0 R\ IBU
- ] NCT
T -60 \] V
50
exo up A
-100 T T

40 50 60 70 80 90 100 110 120 130 140

Temperature (°C)

Fig. 5. DSC thermograms of crystals obtained by grinding IBU/NCT =1 : 1 mixture in the freezer mill: effects of (a) milling time
(5 Hz) and (b) frequency (20 min). Also shown are those of IBU/NCT cocrystal, IBU, and NCT.
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