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ABSTRACT

As green solvents, a series of 1-alkyl-3-methylimidazolium ionic liquids
(ILs) with different cations and anionswere used in the swelling of herbal
particlesand their performance was evaluated and compared. The study of
ILssuccessfully discovered some mechanisms of masstransfer in swelling
and extraction for herbs. The microstructure, observed by scanning electron
microscope (SEM), demonstrated the change of herbal skeleton in the
process of swelling. Through the study for the effect of saturated swelling
ratio, [PSMIM][H,PO,] wasfinally founded asthe optimal IL for swelling.
Saturated swelling ratio increased with the increase of temperature or
reduction of particlessize. Besidestheacidic IL, the swelling ratio of neutral
ILs was increased as [BMIM][CI] > [BMIM][Br] > [BMIM][BF,] >
[BMIM][PF,] duetotheincreasing hydrophilicity. Because of the viscosity
and the protons, the trend of the swelling ratio of [PSMIM][H,PO ] isfirst
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increased and then decreased with increasing of its concentration.
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INTRODUCTION

lonicliquids(ILs), aso known asroom tempera-
turemolten salt, isliquid under or near room tempera-
ture, whichiscomposed by thelargevolumeof organic
cation and organicor inorganic anion. Sinceionic bonds
arewesk and havelow latticeenergy, ILsisnot equiva
lent to the general electrolytedy. In order to prepare
active pharmaceutica ingredients, thetraditiond extrac-
tion and catalysis processes are easy to pollutethe en-
vironment when alarge volume of organi c solventsor
inorganic solventsisused. Asanew kind of green or-
ganic solvent, IL isconsidered asan environmentally

friendly solvent and catalyst, and hasthe potential to
replace organic and inorganic solvent!>3, So far
imidazolium ILs have been used in extraction process
for avariety of natural medicine, including microwave-
assisted extraction (MAE) and ultrasound -assisted
extraction (UAE). TABLE 1 summarizessomerelated
applications.As mentioned above, there are plenty of
reportsthat thelLshave been used inthe extraction of
natural medicines, whilethe mass-transfer detail sof the
extraction process and mechanism of phasebehavior
have been rarely researched. Most raw materials of
herbshaveinert organic skeletonswith the porouschar-
acteristics. Intheextraction process of therhizomes
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of CoptischinensiswithIL, solvent can swell into the
skeleton of theraw materidspartidly. Theswelling ac-
tion produces some phenomenon that solvents make
some changes of themacro-and micro-structure of the
solid phase, and then affect the structure of herbsand
transfer characteristics of extraction process. Genera
herbal extraction includesmixing and separation of
phases®®, so that swelling of Coptis chinensis par-
ticlesinIL hasavery important significancefor phase
separation, which would lay afoundation for further
exploration of leaching balance and predi ction of equi-
libriumto enhancing masstrandfer.

MATERIALSAND EXPERIMENTAL
METHODS

Chemicals

All chemicasinvolvedinthisstudy wereét least of
analytical grade. Experimental water was obtained by
the UHT-11-5L Europtronic Pure Water machine. Rhi-
zomesof CoptisChinens's, purchased fromloca drug-
store, were crushed, sieved and dried. Itisdelimited
that the particles, passing through 20-mesh sieve but
not 40-mesh, is 20 mesh, and the particles, passing
through 40-mesh sieve but not 100-mesh, is40-mesh.

Ninekindsof 1-akyl-3-methylimidazoliumILs(as
shownin TABLE 2) were synthesized accordingtothe

literatured'*#, and their pH values of ILsweremea-
sured by PHS-3D pH meter (REX Instrument Fac-
tory, Shanghai). The purities of ILswere checked by
high performanceliquid chromatography (HPLC), which
weregrester than 95% (w/w). All of thelLsweredried
at 50°Cinavacuumoven 4h, and stored in adesicca
tor for use.

Experimental methods

0.5 g of dried samplewas mixed and swelled com-
pletely with 10ml of different ILs agueous solution
(0~1.5M) and thenthe swollen particleswereobtained
after centrifuged at 4500 r/minfor 5 min. Themass of
swollen particleswas weighed and the operation was
taken threetimesto obtain the average.

Figure 1isaschemeof experimental devicesand
operating procedure. The samplewasl|oaded into 2ml
Eppendorf tubethat has been perforated with 200 um
diameter microboreonthetubewadl. Toswell particles
of herb, the EP tubewasput into asmall bottlewith the
solvent. And then the swollen particleswere obtained
after centrifugalization.

Theratio of themass of theoriginal sampletothe
mass of swollen particlesisdefined asswelling ratio.
Swdlingratioiscaculated as.

R=m/m,
misthe mass of sample beforeswelling, and m,isthe

TABLE 1: Extraction activesubstancesfrom natural plantswithILs

Extraction
Plant origin IL species Active substances
Method
Bayberry leaves?  [BMIM][HSO,] Myricetin & Quercitin MAE
Savia Tanshinone |, Tanshinone 1A &
[CiMIM][Br] UAE
miltiorrhizal® Cryptotanshinone
Lycorine, Dihydrogalanthamine &
Lycorisradiatd®  [BMIM][CI] MAE
Galanthamine
Giant knotweed
[BMIM][BTr] Trans - Resveratrol MAE
rhizome'"
Isoflavones, Tectoridin, Wild
Iris tectorum!® [OMIM][Br] UAE
tectoridin B& Wild tectoridin A
Honeysuckle?® [BMIM][BF,] Chlorogenic acid UAE
White pepper!*® [BMIM][BF,] Piperine UAE
N,N-Dimethyl-N-(2-hydroxyethoxyethyl) ammonium propionate
Szechwan Senkyunolide H Senkyunolide | &
(DMHEEAP) & N,N- N,N-Dimethyl (cyanoethyl) ammonium MAE

lovage hizome!*Y
propionate (DM CEAP)

Ligustilide

s LBioTechnology

An Tudian Yourual



1378

Swelling of herbal particles of coptis chinensis rhizomes in imidazolium ionic liquids

BTAIJ, 10(6) 2014

FuLL PAPER

TABLE 2: Thetypeand natureof ILs

NO. IL Cation Anion PH
A 1-Butyl-3-methylimidazolium hexafluorophosphate BMIM”* PFs Neutral
B 1-Butyl-3-methylimidazolium tetrafluoroborate BMIM* BF, Neutral
C 1-Butyl-3-methylimidazolium bromide BMIM* Br Neutral
D 1-Butyl-3-methylimidazolium chlorides BMIM* cr Neutral
E 1 - Butyl - 3 - methylimidazolium methanesulfonate BMIM* CH3SO4 Neutral
F  1-Butyl-3-methylimidazolium hydrogen sulfate BMIM® HSO, 1.6
G 1-Butyl-3-methylimidazolium dihydrogen phosphate BMIM* H,PO, 22
H 1-Methyl-3-(3-sulfopropy!)-imidazolium hydrogen sulfate PSMIM* HSO, 1.0

I 1-Methyl-3-(3-sulfopropy!)-imidazolium dihydrogen phosphate PSMIM* H,PO 15

*The pH values of the acidic ILs were measured in the 10 mmol/100ml aqueous solution at 30°C by pH meter

\ /
\ /

After
centrifugation

Before
centrifugation
Figurel: Experimental deviceand operation procedure

Swelling

massof sampleafter swelling
RESULTSAND DISCUSSION

Theeffect of saturated swellingratio
Solventsand particlesize

The structures of the nine kinds of ILswere ana-
lyzed to discuss the mechanism of swelling. Luo has
studied that ionicliquid-based ultrasonic-assi sted ex-
traction of berberine from rhizome of Coptis
chinensig'¥. Inthiscontext, the rel ationship between
the swelling and extraction had been discussed. The
saturated swelingratioissummarizedin TABLE 3.

Fromthe TABLE, the saturated swelling ratio of
[PSMIM][HSO,] ismaximum. The swelling ratio of
neutra IL isincreased as[BMIM][CI] >[BMIM][Br]
> [BMIM][BF,] > [BMIM][PF ] due to increasing
hydrophilicity of thesefiveanions, whichisthesameas
purelL. HSO, IL solutionismoreacidicthanwiththe

same action, but under the same conditionsH,PO, IL
got greater swelling ratio. It can be explained by the
fact that H,PO,” afford more protons at the same con-
centration level, and more acidity can effect moreon
the skeleton of herb. Compared with reference, ionic
liqui d-based ultrasoni c-ass sted extraction of berberine
from rhizome of Coptischinensis, it can be seen that
swelling and extraction are closely related.

FromTABLE 3, theswelling ratiosof the particles
with 40 mesh arelarger than that of thosewith 20 mesh.
Specific surfaceareawould increasewith theincrease
of particlesize. And large specific surfaceareaisben-
efit to solvent adsorption.

Temperature

Since the herbs are soaked at room temperature
and refluxed with dightly boiling, 30°C and 70°Cwere
selected to be studied in swelling process. It can be
seeninthe TABLE 4, the saturated swelling ratio at
70°Cwaslarger theratio at 30°C. High temperatureis
conducivethat solvents penetrateinto skeletonandin-
teract withtheakaloids.

Concentr ationsof solvents

The saturated swelling ratios of the20 mesh size
particlesinthelL of [PSMIM][H_PQO,] at 30°Cwere
showninFigure2.

Thetrend of theratioswasfirst increased and then
decreased with theincreasing of theconcentrations. As
theincreasing of the concentrationsfrom0.1 M t0 0.5
M, the effect makes skeleton tight and is stronger, so
that it makes sol vents penetrate into skeleton easily.
However, whenit further increased, thesweling ratio
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TABLE 3: Saturated swellingratio of different sizeparticle

Type of solvent

Saturated swelling ratio of 20mesh

Saturated swelling ratio of 40mes

[BMIM][PFg] 1.60
[BMIM][BF,] 1.63
[BMIM][BI] 1.67
[BMIM][CI] 1.66
[BMIM][CH3SOzH] 1.62
[BMIM][HSO,] 1.61
[BMIM][H,PO] 1.65
[PSMIM][HSO,] 1.66
[PSMIM][H,PO,] 1.70
5%HCI 1.68
0.4%H,S0, 1.58
CH4OH 1.11
C,HsOH 1.06

171
174
174
173
171
1.68
174
1.69
1.75
174
1.68
112
1.09

*The concentration of IL is0.5M at 30°C
TABLE 4: Saturated swdllingratio of different temperature

Saturated swelling  Saturated swelling
Type of solvent

ratio at 30°C ratio at 70°C

[BMIM][Br] 167 1.76
[PSMIM][HSO,] 1.66 1.73
[PSMIM][H,PO,] 1.70 1.78
5%HCI 1.68 1.72
0.4%H,S0, 1.59 1.71
CH3;OH 111 1.16
C,HsOH 1.06 1.16

*The concentration of IL is 0.5M and the particle size is 20
mesh

1.70 1
=— [PSMIM][ H5POy4
.

2
§ -
& 1.69
2 .
)
5
= 1684
o
<
S: ]
=
2 1,67 .

0.0 0.5 1.0 15
Concentrations / M
Figure 2 : The saturated swelling ratio in IL of different
concentrations

decreased. Thereason isthat, when the concentration

of IL increased, theviscosity increased Significantly so
that masstransfer wasinterrupted.

Processrateof swelling

Theswelling rate of the 20 mesh size particlesat
30°Cwasshownin Figure4.

It canbeseenintheFigure 3that theswelling ratios
of 5%HCI and ILsshow anupward trendfrom 1to 5
min. And thenthetrend dowly roseto reach balance at
15 min. Theratesof 5%HCI and ILsare probably uni-
fied, whiletherate of CH_OH isfairly quickly.

| L seffect on themicrostructureof coptischinensis

The particles of Coptischinensisrhizomesof 40
meshwereswalleninneutra IL [BMIM][Cl] andacidic
IL [PSMIM] [HSO,]. Reference samplewasthose par-
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Figure3: Therelationship of swellingrateand solvents
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(c) Swelling in acidic IL
Figure4: SEM photosof 40 mesh of Coptischinensisparticles

ticleswithout swelling. All the sample passed through
100 mesh after grinding down, and dried in vacuum
oven at 30°C. Powdersare placed under JSM-7500F
scanning el ectron microscope (SEM, JEOL, Japan) to
take 3000 times magnification photographs (See 4(a),
(b), (c),(d)).

Extraction of herbisbasedinterna phaseof onmass
transfer. Fromthe Figure 2, it can be seen that the sur-
face of reference particlesisloose and lack porosity.
Thenumber of porosity and the diameter of aperture
surface wereincreased since ILs make the skeleton
tight. Andtheeffect of acidicILson skeletonof herbis
more obviousthanthat of neutra ILs.

CONCLUSION

Solvent swelling of Coptischinensisparticlesisan
infiltration process. Related degree and speed of swell-
ing have agreat impact on masstransfer and extrac-
tion. Saturated swelling ratio increased withincrease of
temperature and reduction of particlesize. Theswdling
ratio of neutral ILswasincreased as[BMIM][CI] >
[BMIM][Br] >[BMIM][BF ] >[BMIM][PF,] dueto

(d) Swelling in acidic IL

increasing hydrophilicity. Themore protonsacidicILs
can provide, thelarger swellingratiosILsmake. Swell-
ing effect of [PSMIM][H,PO,] wassignificantly better
than other ILsand inorganic acids. Aboveresultswere
expected to be meaningful for the application of green
organic solvent ILsin extraction processfor natural
medicnes.
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