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T / liquid solubility parameter (J2 cm-372)
| A.

-3/2

IO T
cyclohexane 16.8
ethyl benzene 18.0
toluene 18.3
benzene 18.7
i chloroform 18.7
0 ‘ , . : : acetoneI corol ;Z;
n-propyl alcoho .
0 1O(MPa) 20 ethyl alcohol 26.2
P methyl alcohol 29.7
water 48.0

I\RRE; BT (AL KE) (1993)

Barton; “Handbook of Solubility Parameters”, CRC Press (1983)
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: \ liquid 7 () liquid z* ()
benzene 0.59
— Smoothed line | | acetonitrile 0.75
! X acetone 0.71 nitrobenzene 1.01
20 30 ethyl acetate 0.55 ethanol 0.54
p (MPa) cyclohexane 0.00 methanol 0.60
1) M.E. Sigman, J.E. Leffler, J. Org. Chem., 52, 3123 (1987), aceticacid  0.64 ethylene glycol 0.92
2) M. Maiwald et al., Ber. Bunsenges. Phys. Chem., 102, 960 toluene 054 water 1.09

(1998), 3) R.D. Smith et al., J. Phys. Chem., 91, 3059 (1987), 4)
C.R. Yonker, R.D. Smith, J. Phys. Chem., 92, 2374 (1988), 5)
C.R. Yonker et al., J. Phys. Chem., 90, 3022 (1986)
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*) R.Thakur, R.B.Gupta, Ind.Eng.Chem.Res., 44, 7380 (2005)

[- of Experiments (1) -A solvent and a solute—

: Carbon Dioxide (purity: 99.99%)
(Showa Denko Gas Products Co., Ltd.)

: Theophylline (purity: 99%)

(Wako Pure Chem. Ind., Ltd.)

(C;HgN,O,, M, =180.165, T,, =546 K,
Vapor pressure =1.96x108 mmHg at 298 K)
The efficacy: Bronchodilation
— Use to treat bronchitis and
bronchial asthma.

O
HsC \N)HA/H>
|
O)\ITI N/

Chemical structure of original theophylline

| SEM photomicrograph of
original theophylline

.tails of Experiments (2) —Cosolvents—

t (1) : L-Menthol (purity: 99%)
(Tokyo Chemical Industry Co., Ltd.)
(CyoHy0, M, =156.27, T, =316 K,
Vapor pressure = 3.23 X 102 mmHg at 298 K)
OH

CBfolvent (2) : Vanillin (purity: 99%) P
(Sigma-Aldrich) Chemical structure or L-mentnol
(CgHgO5, M, =152.15, T, =354.7 K, o H

Vapor pressure = 1. 94 X 10 ~3 mmHg at 298 K)

O/C H3

OH

Chemical structure of vanillin

SEM photoqraphof vanillin




Details of Experiments (3)
chematic Diagram of Experimental Setup-

Section of preparing of SC-CO, Pre-expansion section Enlargement of nozzle

Experimental Conditions

Equilibrium temperature, T
313.2 K (40.0 C)
Equilibrium pressure, ps
22.0 MPa

Pre-expansion temperature, Tpreexp
338.2 K (65.0 °C)

3 | Nozzle temperature, Ty,

Z& Expansion
drilled nozzle il
heophyiline + Solid cosolvent | | Section of dissolutionof | — &+ L] |l f
(molar ratio of solid cosolvent ! | a solute and a cosolvent Section of collection of
to solute is about 1) i |insc-co, produced particles
1. gas cylinder 7. buffer 13. expansion nozzle V2-V7. stop valves Collection temperatures, Tcol
2. Dryer 8. stopper 14. collection chamber V8. metering valve L J 265.2 K, 283.2 K, or 303.2 K
3. Filter 9. equilibrium cell 15. membrane filter Pl. pressure indicator 10 i
4. cooling unit 10. thermostated air bath ~ 16. temperature controller  TI. temperature indicator Spray distances, Lg
5. high-pressure pump 11. view cell 17. vacuum pump 3,50r7cm
6. preheater 12. heater V1. back-pressure regulator -
Production of particles using RESS-SC |=s{ Crystal Structure and Melting Points L-Menthol Used as the Solid Cosolvent—
O e .o, # X-ray Diffraction (XRD)
° e’ (Rigaku MiniFlexIl)
ixture of theophylline particles 4 Fourier transform infrared
d particles of a solid cosolvent spectrophotometry (FT-IR)
theophylline particles (Jasco, FT/IR-4200)
o P @ Differential Scanning Calorimetry

SEM photographs of theophyllme partlcles produced by the
RESS-SC process using L-menthol (T, = 338.2 K, p, = 14.0 MPa,

— ————— oo = 3382 K, Ty, = 343.2 K, T,y = 273.2 K, L= 3 cm)
Separation of theophylline particles from Particle Sizes, Particle Size Distributions ol . .
and Morphology Aliquid phase appeared at the pre-expansion section.

the mixture of theophylline and vanillin —
— Sublimation of vanillin particles 4 Scanning electron microscope Effect on crystallization
SEM) (Keyence VE-9800 - . S~
w ( . )(. yenee V= ) Lack of reproducibility of crystal properties such as G g
Particle size distribution (PSD) was . . . interface

B articies were dried in a vacuum determined based on the Ferret morphology and size of the theophylline particles.

dryer (temperature: 313.2 K, pressure: diameter using an image analysis that e
0.006 MPa, time: 24 h) to remove the is the counting at least 800 particles -

solid cosolvent using sublimation. from SEM photomicrographs. L-Menthol is unsuitable for a solid cosolvent in the present conditions.

particles of a solid cosolvent (DSC ) (Rigaku Thermo plus
EVO/DSC8230)

—




Experimental Results (2)-1
—Vanillin Used as the Solid Cosolvent—

ts of collection temperatures on particle production

Collection
temperature 265.2K

303.2 K ==

Collection temp.
—e— 265.2K
—A— 283.2K
—&— 303.2K

@ The particle size of the primary particles was 2
very small (the mean size: about 85 nm) with the
narrow particle size distribution (CV: about
21%), which was 800 times smaller than that of
the original sample.

Frequency (#%/nm)

@ The collection temperature has negligible g \ o
effects on the particle sizes. orticle sro ()

Particle size distribution

Experimental Results (2)-2
—Vanillin Used as the Solid Cosolvent—
ffets of spray distances on particle production

pherica
shape

d,, =85 nm [§88 e A
g%{:ﬁce m— 3 CM 5cm 7cm —b‘
N ; ) ; Spray distance
@ The particle size of the primary particles was 2 el FU
very small (the mean size: about 87 nm) with the = rom

narrow particle size distribution (CV: about
21%), which was 800 times smaller than that of
the original sample.

Frequency (#%/nm)

€ The spray distance has negligible effects on the !
particle sizes. 100 R

. P_article §ize (r]m) .
Particle size distribution

Discussion (1)
rison between RESS method and RESS-SC method-

RESS-SC method

RESS method 2

s=3132K

p, = 22.0 MPa
pre-exp = 336.2 K
noz = 343.2 K

ol = 273.2K
s=3cm

article morphology  Spherical and Columnar

400 nm
SO0 By W1 B R 2009 .

Spherical

Mean particle size 235 nm Iggaound et 85 nm

Effects of Collection temperature has negligible effects
collection temperature ~ on the particle size.
Effects of Particle sizes increase  Spray distance has

with increasing spray negligible effects on
distance. the particle size.

2) J. Sakabe et al., Proc. 10th Int. Symp. Supercrit. Fluids (ISSF2012), P-1505 (2012)

spray distance

Discussion (2)
rystallization Mechanism of RESS-SC Method-

RESS-SC method
Supercritical

RESS method

ercritical
¥ O: Theophylline particles

: Vanillin particles

Nucleation
(@]
e )

The amount of vanillin particles
produced is much larger than that

Crystal growth q The crystal growth of theophylline

and particles  crystallized in the
Coalescence collection vessel mav be blocked by
J Theophylline particles are trapped
on the filter using the sublimation of O oo o O O
vanillin particles. O O O 70 )
Filter Filter

Smaller and spherical particles can be produced using the RESS-SC method !!




erimental Results and Future Plan
(-)-Borneol and Methylparaben Used as the Solid Cosolvent—

shape

fﬁects of solid cosolvents on particle production
I shape 4]

40£nm d, =109 nm - dy = 202 nm -

Solubility in Theophylllne Methylparaben Van|II|n (-)-Borneol
SC-CO, | S
(mol frac) 10 -6 _10 S 10_4 10 3 102 —102 larger

€ We have been studying effects of several solid cosolvents on the particle
production of theophylline using the RESS-SC technique.

@ Effects of a solid cosolvent on the particle production using the RESS-SC
technique depend on the kind of the compound used as the solid cosolvent.

@ We will elucidate cosolvent effects and crystallization mechanism of the RESS-SC
technique with some solid cosolvents on the production of organic nanoparticles.

Ivent: Vanillin C_osolvent (-)-Borneol  Cosolvent: Methylparaben
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HERDSASEY AHE

TG IATE: AT {RE: 3.1x 104 mL

309K 10 MPa - 52

'd;, =66 um

—— g p—— 1/18F2E /LY " .
BHTATL AN EER BN Y
B Thy N SOAGORAEE HFRESNT- LA/ L ZEa(Re [-]): 6100(EL)

(fRFELEL: 1)

{BIBEN 100MPa @

| RITISEE 360°C 24H0%E/EIzE 1T B8HD

| BURIETE 67 mLmint s
SRRHE 3.0 mL mint HAFER =

\RRRE 250mgmLt

("’;Eé*ﬁ't%ﬂ_:jj 10.0 MPa

| RiTiBEE 35.0°C

| BYEIEFGE 3100 mL mint
BHTUE 3.0 mL mint
\ATRRE 250 mg mL?

1) C. Roy et al., J. Supercrit. Fluids, 57, 267-277 (2011)

35.0 °C (Re =6100) (@#HBEH:10.0 MPa, &M EE :5.0 mg mLL)
]

CV1iE = 66.3%
J Egaﬁ EIEE @&E’g
RELEFITHN
HFEAEA

T

LA/ NWAEDERIC
EICKREGERDET
BEARBELRE-BED
KYBIFEAMNER

- AR L RO BRGBIE HSHDH

- EREEAEL
gHR R - RIK

- 10.0 pm

K : B .'o
d,=401lpm [
CVIE = 61.6 %

CViE =61.8%

1 1
40.0 °C (Re = 8960) 45.0 °C (Re = 11250)

- ERGR - BRREDEE —

(BRITIERE :35.0 °C, @ATIHESN 10.0 MPa, &
R REES.0 mg/mL)

= -1
MEE e 5.0 mlg mL

| CVIE = 66.3%

.E;Z:‘E E@ z&’

A RIREEMIZAL
(5.0 = 15.0, 25.0 mg mL1)
HFEHED

N

BEAFIEE D&M I
FFEMNEA

- R ENEL
EARNE RV RN

CV1iE =57.6 %
=

15.0 mg mL! 25.0mgmL!
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2) L. Seton et al., Cryst. Growth Des., 10, 3879 (2010), 3) D. Khamar et al., Cryst. Growth Des., 12, 109 (2012)
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Thank you for your
Kind attention !

Dr. Hirohisa UCHIDA, Associate Professor

Department of Chemistry and Material Engineering,
Shinshu University

17-1 Wakasato-4, Nagano-city, Nagano, 380-8553 JAPAN
TEL&FAX : (81)-26-269-5402

E-mail : uchida@shinshu-u.ac.jp




