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Dissolution of Cellose with lonic Liquids
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Cellulose is the most abundant biorenewable material, with a
long and well-established technological base.' Derivitized products
have many important applications in the fiber, paper, membrane,
polymer, and paints industries.

Cellulose consists of polydisperse linear glucose polymer chains
(Figure 1) which form hydrogen-bonded supramolecular structures;?
cellulose is insoluble in water and most common organic liquids.
The growing willingness to develop new cellulosic materials results
from the fact that cellulose is a renewable resource, although many
of the technologies currently used in cellulose processing are
decidedly nongreen.? For example, viscose rayon is prepared from
cellulose xanthate (production over 3,000,000 tons per year)
utilizing carbon disulfide as both ruLull and :o]vcm Mml rtcmlly.
processes using more envil
solvents (N-methylmorpholine-N-oxide (NMNO) and phosplmnt
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Figure 1. A cellulose polymer chain, n is typically 400~ 1000,

Table 1. Solubility of Dissolving Pulp Cellulose in lonic Liquids

fonic lquid method solubilty (w1 %)
[Cymim]C1 heat (100 °C) 10%
(70°C) 3%

[Camim]C]

heat (80 °C) + sonication

acid) have been commercialized. Solvents are needed for di
that enable homogeneous phase reactions without prior derivitiza-
tion,

Graenacher’ first suggested in 1934 that molten N-cthylpyri-
dinium chloride, in the presence of nitrogen-containing bases, could
be used to dissolve cellulose; however, eems to have been
treated as a novelty of little practical nce the molten salt
system , at the time, somewhat esoteric and has a relatively
high melting point (118 °C). We were interested in_examining
whether other solvents that would now be described as ionic liquids
ILs)® would dissolve cellulose and, especially, whether the
availability of a wide and varied range of ILs, coupled with the
current understanding of their solvent propertics,” would allow
flexibility and control in the processing methodology. with increased
solution efficiency and reduction or elimination of undesirable
solvents,

Tonic liquids, ining 1-butyl-3 imi ium cations
([Cymim]*) were screened with a range of anions, from small,
hydrogen-bond acceptors (C17) to large, inating anions

[Camim]Cl microwave heatin 25%, clear

NAAASTT 3-5-5 pulses ¥ 4 \Svicous sofution
microwave 5-79%
microwave 5-7%
microwave insoluble f’k&,
microwave Thsoluble
heat (100 °C) %o
heat (100 °C) slightly soluble
i

[ R
°C, cellulose slowly dissolved in the CI--, Br--, and SCN--

uml.umng ILs to yield increasingly viscous solutions.

rates could be

improved by heating in

a microwave oven. In a typical procedure to prepare a 10 wt %
solution, 0.5—1.0 g of fibrous cellulose was placed in a glass vial 2

and [Camim]Cl ionic liquid (10 g) was added as a liquid at 70 °C
(i.e.,
placed in a microwave oven, and heated with 3—5 s pulses at full

above the melting point). The vial was then loosely capped,

power. Between pulses, the vial was removed, shaken or vortexed,
and replaced in the oven. A clear, colorlss, viscous solution was

obt

and care must be taken to avoid ex

d. ILs are heated with exceptional efficiency by microway

heating that induces

cellulose pyrolysis. The decomposition appears to be more rapid
in contact with the ILs than for isolated cellulose under equivalent

([PFg]") also including Br-, SCN, and [BFy] . In addition,
variations in cation alkyl-substituent from butyl through octyl were
investigated for the chloride salts, Dissolution experiments were
carried out using cellulose-dissolving pulps (from cellulose acetate,
Iyocell, and rayon production lines), fibrous cellulose (Aldrich),
and Whatman cellulose filter papers. The cellulose samples were
added to the ionic liquids without pretreatment, in glass v; and
heated without agitation on a heating plate or in a domestic
microwave oven,

Table | summarizes the results obtained using high MW
dissolving pulp (DP = 1000). Stirring cellulose in the ILs under
ambient conditions did not lead to dissolution, although the cellulose
fibers were wetted by the ILs. However, on heating to 100—110

*To whom correspondence should be addressed. E-mail: rdrogersi
bama.ua.edu,

4974 = J. AM. CHEM. SOC. 2002, 124, 49744975

0 S cont
viscous pastes in the chlorid

TR o
ILs, although

between $ and 10 wt % cellulose are more readily prepared. The
reatest solubility was obtained using [Csmim]Cl as the solvent.
When high concentrations of ccllulose (> 10 wt %) were dissolved
in [Camim]Cl, the viscous solutions obtained were optically
anisotropic between crossed polarizing filtrs and displayed bire-

materials.

Thc formation of i
s for the 3,cm,muon of new, advanced
strength materials that conserve anisotropy in the

solid phase are especially desirable, yielding enhanced mechanical
propertis.

Nonderivitizing solvents for cellulose effect dissolution by
disrupting and breaking the intramolecular hydrogen-bonding
network. For dimethylacetamide (DMAC)/LICl solvents, complex-
ation of lithium ions by DMAC mobilizes chloride ions which

10.1021/ja025790m CCC: $22.00 © 2002 Amorican Chemical Society
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h excitation (fs), thermal relaxation of carriers (ps),

from solvent

in a nonpolar solvent proceeds
(ns). (b) In a polar solvent, solvent relaxation acts to

uwm the energy of the excited state an:

ermssmn is creat

ission. However,

@ solvent interactions are on the same time scale as
Tesulting in a red-edge tail. (d) The fluorescence of GO in a nonpahl solvent (pentane) is mdependam of
excitation wavelength. In a polar solvent (water) the solvation process red-shifts the emission energy and broadens the

solvuuon duration is much shotuv an

_ spectrum. (e)

excitation wavelength dependent shifts, however,
have been reported in highly rigid environments such
as glasses, viscous polymers, proteins, and mem-
branes.** ** |n contrast, the fluorescence peak of GO
exhibits a large red-shift with an increase in the
excitation wavelength without the need of low tem-
peratures or viscous solvents.'> ? For example; the
difference between the emission peak and the excita-
tion wavelength shows a red-shift of ~220 nm from
the visible to NIR in water at room temperature as
the excitation energy changes from the UV to the
visible range.'® Despite the excellent studies of several
groups,'®'#*2% the mechanism of strong excitation
wavelength dependent fluorescence of GO remains a
mystery, preventing the development of novel tech-
nologies based on this very intriguing property.

In the present work GO sheets, chemically reduced
GO sheets rich in the ~OH moiety, and oxidized GO
sheets rich in the — COOH ‘moiety have been prepared
to the m i f strong excita-
tion th Time-

*ﬁ%’ excitation wavelength shifts the -mksion wavelength propormm-lly, uutlng m minﬂon vmnlngm dcp-mdmt
Q fluorescence as seen in GO in water. belad

N

exmed protonauon "' When GO is in a polar
solvent and excited by a light source, a slow solvent

b oo Bl i TR
relaxation process occurs on the same time scale as the 9 B—*S'\J"‘:/I lﬁ‘w 7 L{\ 4
fluorescence emission, inducing a “giant red-edge

effect”. The slow solvent relaxation is caused by the
local environment“of the GO sheets. The giant red- )& li
edge effect is unprecedentedly discovered to be the d )l
origin of the strong excitation wavelength dependent. U] "’i )( =& 4}

fluorescence of GO. B Rl Lo

wv'%%*%

RESULTS AND DISCUSSION
Wavelength-Dependent Fluorescence, Classically, the po-

sition of the fluorescence peak is independent of the 'fﬁ_ibii%&m
wlvelen th of the excitation source because of the
T e ma P18 ﬂ“ﬁﬁ’

noninteracting environment (gas or nonpolar solvent) i

is depicted in Figure 1a and proceeds through the b‘h ]31"}}{3
absorption of light (10°%), nanyadiative relaxation to F,ﬂi}\ﬁgf
the(band edge)10 7 s), and radiative mcombmaﬁo % i ‘.

of thé electron and hole to emit a photon (10° % 5)77

resolved fluorescence is measured for each of the GO
samples in solvents with different polarities. Our ex=
perimental results and theoretical analysis show that
the spectral shape of the fluorescence of GO can be
explained as the collection of an excited-state proton-
ation from the ~COOH group and an excitation wave-
length dependent fluorescence from the polar groups
such as the —OH moiety in the GO sheets. The —COOH
groups lead to a pH-dependent emission through an

0.0 ToWiah Bt -5 i #3y. —~OooH i
RikA . GOKL -0HEpDIRN Tl

The fl does not depend-on excitation en- {55 s . ek ‘711?“

ergy because all excited electrons, independent of Lﬁ' 3ERY ﬁ/&*tﬂﬂ(
initial energy, have relaxed to the band edge before

($<
fluorescence proceeds, The limit of band edge emis- ﬂ i W‘g‘i %m
sion is calle6 For example, the fluores- 15- mgl{ ﬁ*%ﬂﬂ

cence of GO in pé (@ nonpolar solvent) exhlblted
a relatively narrow bandwndth, as experimentally de-
monstrated in Figure 1d.

In an Interamng environment, such as a polar
solvent, an addi ion step i urs
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LIU Weihua YANG Xi LIU Minxuan YU Wenlong WANG Xianghong
B2 DBENhSEE-~RES College of Food Science and Technology, Hebei Agricultural University
SYNIEREE
B3 R R R R L Abstract: An electrochemical immunosensor based on graphene-chitosan composites was established to detect florfenicol residues in animal-derived foods. The linear relationship bet
S ween the concentration of florfenicol and peak current was observed in the range of 1~1000 ng/mL and the detection limit was 0.08 ng/mL (S/N=3). The immunosensor had good selectivity, sp
QEFFHMPRETESDPV ecificity and stability. The actual samples of pork, beef, chicken and eggs were tested and the recoveries at 10, 100 and 1000 pg/kg levels ranged from 76.90% to 94.3%. The electrochemical
i
15 FRESh A FRIDPVIE method was verified by LC-MS/MS and a high correlation was found between these two methods which indicated that the established immunosensor method was accurate and reliable and co
e uld be applied to large batch samples in the field detection.
El6 T EFFRERDPVHEEE
7 FREREILE (ST Keyword: Veterinary drug residues; Florfenicol; Electrochemical inmunosensor; Graphene-Chitosan;
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Ca(CH3C00),

Produces white floc, the agitation does not disappear, and Solubility is very slow, and sol gelation occurs

a milky white sand is formed quickly.

Ca(NO3), Transparent sol, but gelled during aging.

when added in small amounts.

Dissolve quickly and completely, no change at

room temperature.
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HaERTE
PAEE (BEHTERE) —BERR (S50 —FRNE—FRsE (B —p—Hn
ER (L) S (R —RE FIRFE) ...

(%) B—a) (HED: AT /8. .. OREG ‘. ..
T, WATERAS). B26) (G ALHIHES
TR M ERAR, WFEAR. AR SERTTE. WE
TSN EEG N TEE. B2 (GR): BlE
ROEENE (FEREE, & EEHREENA MR, W
RARMgETHRA &5 R AAR p . B (GiR): Zi
T4k, AmRMAER, EEATK, AL THE (300 F
KA

(X 8 W] 354, DSkt

[ Abstract] #—%) (Objective) To.. (A ERE ) H=F

(Methods) :Equivalent translation of Chinese methods. ( —f{ii FH ¥ zhiE&
AL S ) E=4)( Results ):Equivalent translation of Chinese resuls.

(— M ahiES. EEE) BP4E) ( Conclusion ) :Equivalent
translation of Chinese conclusion. (ffiff] FziEE. BEMNE)

[ Key words] Equivalent translation of Chinese key words



2.2 IENEEF—REE

Examples of Transitions:
lllustration

Thus, for example, for instance, namely, to illustrate, in other words, in particular,
specifically, such as.

BxgzVNTF:

1.The problem to solve in this paper is .Contrast
2.The approach to solve the problem is

. . . . On the contrary, contrarily, notwithstanding, but, however, nevertheless, in spite of, in
3.The results obtained in this research i v y g 2

contrast, yet, on one hand, on the other hand, rather, or, nor, conversely, at the same time,

4.The impacts of our obtained results al while this may be true.
VB @TT%\ 73 . Ad(dition

S \\ . N
1 EZ*F I%w’ ZKSZ *ﬁ T , & _—_Llﬁu " And, in addition to, furthermore, moreover, besides, than, too, also, both-and, another,
XJ...... B/, ... J5H, ﬂﬁﬁﬁﬁ / equally important, first, second, etc., again, further, last, finally, not only-but also, as well as,
2. z]gjz' ______ Eﬂg-tfj‘ ,ﬁ/ﬁﬂ?—ﬁd‘;ﬁg, é,j—\Alzl: in the second place, next, likewise, similarly, in fact, as a result, consequently, in the same
... E—'_]ELHL TR )\} ?\o way, for example, for instance, however, thus, therefore, otherwise.
3HARE/BREE, .....; & SURIER,
A3EN......; & SCERUERR, ...... &AL,

After, afterward, before, then, once, next, last, at last, at length, first, second, etc., at first,
formerly, rarely, usually, another, finally, soon, meanwhile, at the same time, for a minute,
hour, day, etc., during the morning, day, week, etc., most important, later, ordinarily, to begin
with, afterwards, generally, in order to, subsequently, previously, in the meantime,
immediately, eventually, concurrently, simultaneously.
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B RE:

B RS TMRRME AR S M REIRIN 2 Rias:, AFTIRERP. BERERA
SHBIREE. ATANET I BRI hBOES . AP E A
RS ——A7), WIEFSREH TR, FIAMIES S FHE mBER, Rt
T RER IR R & T 2 5 e [ 5ol 2B R B B BT«

SN ERREENT:

RTRETIEIME, FITIAM R, AHT EEXESTIEKR, E6522BENAIBE,
I T R ARBEBRIEREMEL S . (BRY) XA EN S ECEHIZ TR R ZER M
ElilsE, SLIGArERASBM-TRUIENAC BV T/ &hE804]%, EASGM-1. 43!
EMNEDEN A FARISEFRESESHIEE =&, (FR) BEXEMEMR LIRS
UMK, B2 T AEBZBRIMENRERNILES s, FIRRHKEEAHEESMELZ,
T EHHERBHEEEEKR. (Fid)
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2.2 1EXEF—13I5 EIE 4B 7

EH47
. N 02k i 034341 = 1 BRI
01 [&] A N . . ’
HREARNE (AR EE) R 1 3 5
1) {EEFMERHERFRA AEFEIA, EEEINATRTESKOEM L,
2) R¥E AR LUEEA Elseid X iEpE, SSEEMhiEA S
E]& 3) XEPKKIHITIRIE CHRER, AIRAHL2ERHR?

1) S| NEREESERN, ST RGFMEMMMARAR, Tl AFRHAIRI;

2) s|AARGUESKFERNF ., BRXE, ERPREEARIRBZRE;

3) EMHSIFHEE. Tk

4) EEFREERMEMEIFME, FWLN -1:|:1J|7:|JAE'J__1’E ANEEIESE AR
MNMEESLEZKMANIECLEER “E—" | w7 “first time”

“first ever”
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