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The Formation of Cyclodextrin Nanotube Induced by POPOP Molecule
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Abstract The interaction between 2,2!"p"phenylenebis (5"phenyloxazol) (POPOP) and cyclodextrins (CDs) was
investigated using UV"Vis absorption, steady"state fluorescence, and dynamic light scattering (DLS). The results
indicated that POPOP could form the 1#2 (guest:host) inclusion complex with 8"CD at lower concentrations, which
could further form the extended nanotube at higher concentrations. POPOP could also induce the formation of the
nanotube of y"CD. The fluorescence emission of POPOP in aqueous solution of y"CD showed obvious red shift
accompanied by the disappearance of fine structure compared with that in aqueous solution of 8"CD, which could be
attributed to the formation of the excimer of POPOP in the larger cavity of y"CD. It was found that at pH greater than
12, the hydrogen bond between the neighboring CDs was destroyed, which led to the collapse of the nanotubular

structure. The results also showed that the nanotube structure was not stable at temperatures above 331 K.

Keywords: Nanotube, Cyclodextrin,

@ 1994 A McGown BCDYSEOFGH 1,
6"1 QRIKL(DPH)(D=18'CDFy'CD ~ ¥
— MNOO[6P@DQFgrsRbX
TSTUVIW, MNXZ/N@DOxXYZ[O
a\ X" Pistolis 6 ?@A<_ A<BCD
EKLzZzDPH (D 1LUVW OXYZ[6m
aOb2XMN. MN\]™_ ~ DMF/}ci—

Received: May 19, 2006; Revised: July 11, 2006.
+ , @<*#Ry/(90206020, 29901001)=z{ | 3

Fluorescence anisotropy, Dynamic light scattering

d ,DPH O VYklpqgp'CDFy'"CDFgr
st. MNDPH (D Xe [ FNO,DPH F N
(CH3),"DPH LUVW [ 6e,gwx""=Fgr
stlfhvi, J yCDXkKkRI6GmMmNRoOpPpQq,
rsty""=¥Fgh Pistolis I¥rMNO DPH
IdXstv7 ,1,3'FGHIQRuUI L(DPB)F

1,357"FGH 1 QRvwWL (DPO)LUVWXYZ

“Correspondent, E"mail%shen@pku.edu.cnirel: 010"62765915.

© Editorial office of Acta Physico"Chimica Sinica



No.12

~71 J9PWOPOP pqUVWFgrstXMN

1467

[6.\]" _rstXFgl(OXR $I1, cC
"R XDPB O#=1UVWFghi ,(c
$R XDPO Og%& ™~ pqUVWFgrs
T. Agbaria IFTXMNN_  wtiET (D Xe
[ L F25"1QR"1,34"1¥T(PPD)=25"1 QR
T (PPO)=2"QR'5"(4" 1 QR)"1,34" 1 ¥ T (PBD)F
2,5"4,4"1 QR)"1,34" 1¥T(BBOD), yk 1 pq
Y'COD FgOXrst\uh /*rstXF
gN3 BT 10gz+m2 , y"CD 3
4 — _XA<<= 1$5R61 "'/x./
O12A<(OXN3456H,78=90)q
<O F==X<?1 @BABwWCgD[(
DYEF.GO, ySMN™__ n*H Oykl
pgqUVWFgrstX\ub.

1AW, JBCDy ~KP | LMNO/ (=
PQUVWFgrstX$sPQ(). OR-—_
XRS>, T.Uwx0 10 £/ i XQOr4. /
*“*N] ™ 007 <UVWrstXFfFgk
=0ONtcDVWXXxY.

22'"PQR"S(5"QRIET)(POPOP) (D (\
UHXY 1) [DNOZXXA<[\VF]™ U
_Tas|<OOb=c"[\ = Y9bd=>,
eA<FfFgIMNhi®1 J§J6e89: ; <==>
POA<<=FG@<HI1J- _. KI MNwXx,
POPOP (DO Y=pqgpB'CDFy'CD Fgrst.

1 SEIGHERS
1.1 K F

«"CD(Acros, =98%), y"CD (Aldrich, 99%) F
POPOP(Acros, Laser Grade)mnNo 6.8'CD(& = S
U"#pdq, (rs)6Ktuv jw\Xst
qo6. —_. yOeX7zpd{D((rs. |}
—~ , — - /9<ma.
12 ¢ =8

G@<HI<=1ROG6 ALV/DLS/SLS"
5022F <)Y I (=d. 5<EX""$D 632.8 nm,

E 1 POPOP W& F&#
Fig.1 Molecular structure of POPOP
POPOP92,2!"p"phenylenebis(5"phenyloxazol)

HEI#D0S$ ' RObD 25%. -~ $%HI &~
KIRXO<,21<X*b5+k=,,—_X
Z7001D¢g&".89:- ;<=T1TRo0OG6 U"3010
(Hitachi)8 9"k X (=<bd, <234D 2 nm.
7?@A<wl_ A<BCDEX1!® ROG6 F'4500
(Hitach) A<= (=<<bd, 5wFw i1 X34 1D
10nm. $19b :-5—-—_ ,65U}679, IR
(6NTQ89H9 b d(Checktemp, Hanna, Italy.
Wz-zbD&01W);2I<==7"mN@ " 1 <X
Az 9b.
1.3 XWHE

B POPOP —C | DE— FGabD 25(
10*moH.* X 1J .6KRmMi EoOLRPOPOP
X1J (POPOP1IJ VMNN""<<NIE<—
X1 FNn=VMXUVW—~ []J&RO ,P2
Ktuv}=>& $1 pH - 5X—-—_,— XpH
Q{6 01moH.*XRSFTN""U~ VW.G
@Q<HIT'TRXiIi<{ "TR(C6 02 um
(Membrana, micro PES)XKXYDbNY, 1 Z [ —

XON\)_ 3] X_k="WXab,s$
%'"Rcd ™ —_XTRe¥f g.

2 LERITIL

2.1 POPOP S FHEAEBFI o By £ IR S i
POPOP (D ~ ¥}=DE=hi jF «"'CD,B'CD,

y'CD ¥}~ X89: ;<=kY2yl 1Yk

X, Yz}~ 70Oz ;1 X1Im, POPOP (

D mMEFhij nNn$&~, «'CDF—

opg$sm=, (" BCDFyCD}¥~ $ %

8.0

em™)
N
.

=
oo

107*e /(L -mol™".
o w
(3]

—
[=2}
'

=
=3
T

300: 10 350:0 400 ¢ 450:1 500 550 ¢ 600 1
A /nm L
B 2 POPOP 5>FHIZE5MRUNIE
Fig.2 UV-Vis spectra of POPOP
c(POPOP)=2.5(10¢ moHL™, ¢(CD)=15 mmoHL_*;
) water, ss) ethanol, ") n"heptane,
-O-)a"CD, -A-)y"CD, -@-)8'CD



Acta Phys. -Chim. Sin. (Wuli Huaxue Xuebao), 2006

Vol.22

X&=". T gsO— , T-rtu, 420 600
nm""SeFfFgH__%BXHIXY.v—=> wxX
POPOP/a"CD 3~ Dy =z~ , ( POPOP'3'CD

F POPOP'y"CD 3— U/ xN=3bX{]l. ¥}

wgXX1*2"nNn=01.

2.2 POPOPg-CD &Y 1:2 B EMHIFEM
POPOP (D " ""wvab p'Ch }— XA

<wl<=kY3ayl. kKI1—/,POPOP (O ™

dab(4.0(10 moH. Y eXA<*b B"CD

ab!'P('0O weV7-""FyzS@). ve,

POPOP (D ~ B'CD 3}~ XA<DIT 3}~

o

%&, O



No.12

—71 J%O0POP pqUVWFgrstXMN 1469

0 2 4 6 8 10 12 14 16
10° ¢(CD) / (mol - L)
B 5 POPOP # FHIBRANAEERIEE()
Fig.5 Steady-state fluorescence anisotropy () of
POPOP
)0))B-CD; ) ®)) y-CD; ¢(POPOP)=2.5(10"° mol - L™

F y'CD X/ OabDbD 0.015 moH_" e, POPOP X
rQC J:-028F029. (=] POPOP (D " s
JF XrQ#D0.06. POPOP (D ~ B'CD Fy"CD
33— A<BCDEQX!!O,™_ we POPOP
OX:;:G<,0Q00X=F% /NnxYk6r
sSstXFgWC=. " rst hi jJuvw34
gXPOPOP (DO X?;<,0@0X=F,@C
"~/ cCjXrQ.POPOP ~ v"CD }— XA
<wl 1l Y=z]pBCD3}— CHB XK&
"L ONTNAOWLN\NUXQTyB+0O, —xn
-1.701] yCD34cO,POPOP (Dg=z=z
+m2y'CD 34Fg5R61 X78. 3w, C
X POPOP (O =pqgqpB'CDFy'CD 1 Fgrst
N\u,DPOPOP (D " /sSOrst X45%$
v''v. T (X,POPOP (O RJI=01tX:- E
A45h  gX,—_-0gzX:-E45. }w, —
- 89 ;FA<wil<= XIFTFImIl
O""ni X

Teale”EF - NF{L JGHXHI<zA<
BCDEQ'RXab, 1) /ntJhKH,F

(r' =roe)/r1=(3-3T)/(3+7T) (1)
H rID—LXA<BCDEQ, O IRXA<
BCDEQ, TOMI<X*b121<X*b ™~
L

q, Lentz IPNUO+IJIhKH™ bXOP

V7 XQ6E, 1D)/70NntW%wRVWEXJh
KH%

(r1-ra) /1=K xA (2)
H KD{SZc,AD:=<bOQ.

1 J]cOR UVWrstXFfFgoG
POPOP (2.5 (10°° molHL)"8"CD(0.015 molHL ™) F
POPOP(2.5 (10 moH_.)"y"CD(0.015 moH.Y) X c
i— —xL_X{L]., ~ 6POPOP (DXA<
BCDEQCrF_TC (,$BUV=Z+V7m
NTRG, XA<BCDEQmaJdh.wd il =
XIhKHQ)F?), 'RG ,ONn75""vab g
CD }— POPOP(2.5(10* * moHL ) (D X - <
bQ(XY 6). 1 z<bQDXYZ,1:<bQd
[G.KHQL)IH\]XQEB-3N/(3+7T)1 1 —D
ANYZ(+Qy_ O(rl-rg)lf'XX0Q,7 13~ D
1{ | GHXa-A<BCDEQbQXc(c,
FLLJIGHXa-Q11'RQ-OXd1)LY,
GY6cdXD)I\]™_sX-—((ZeX:-E
17, cEYTDbDO0999. T - X/N\JRJ>=>
F i Teale MNDX T _® =z _ "D~ L] —

1HI<GHXBCDEQXa-Q1I1RQ™
oOXd117 -<b—-{S17.

1IhKHOQOKEIALZ ([ -re)r!, Cres K
11— _1G, 1wk ilId[G.,a-XA<BC
DEQr. kY 7y, j BChabcQe,r'lL
s Qd1@Qkg B'CD abcOe, 'L, Qdl
Z0""<N4". 3w, k" D=z ] POPOP (2.5(
10" moH_?)"8"CD(0.015 moHL ) Xc i~ |, jr
stFgqGHXL - { | zPOPOP(D A<B
CDEQXabkign. (z ] PBD(1.0(10°moH

0.036 13
0.034
11
0.032 12
kS 10
= 0.030 9
2o o . -
. T 0.028- e o
S 4 P
0.026 S T
0.04f 1 2
,,/
0.022 P
0.052 0032  0.036 0046 0044  0.048

A
B 6 AREREHR B-CDKiFHKH, POPOP 4 FRARESZ
HELESNEBEZEIE ~((r-rew)/r)5 FRE
E@)HXF
Fig.6 Dependence of (' -rq.)/r' of POPOP vs
absorbance in aqueous solutions of 8-CD at
various concentrations
from 1 to 13, ¢(8'CD)=0, 0.6, 1.2, 1.8, 2.4, 3.0, 4.5, 6.0, 7.5,
9.0, 10.5, 12.0, 13.5 mmoH_*



Vol.22

1470 Acta Phys. -Chim. Sin. (Wuli Huaxue Xuebao), 2006
032
028 . g @« & 20
0.24 S u
. 115
0.20 - G .
0061 ¢ 110 2
N . &
0.12} ¢
L} -
o - e
0.08 |- 0° .
¢} °© am L]
004  mm 1o
0.00

10° ¢(B-CD) / (mol - L")
B 7 T\H,&Fg -CD KizifH, PQPOP 4F(2.5x10°mol-
Loy s S h-O ) A MEM o) B RS
HEE R B1R POPOP-S-CD K E R S I fE 2
THBENHE-n-)

Fig.7 Corrected (-O-) and observed (-eo-) fluoresc-
ence anisotropy of POPOP (2.5x10°mol-L™) in
aqueous solutions of B-CD at various concentra-
tions and the estimation of CD unit in a single
POPOP-8-CD nanotube (-m-)

LH"B8"CD (0.0l moH. )Y Xcui— ,1]V7 $
UVWrstltTUVXFgoG— {|]Z
%, JIJh7A<BCDEewxd1/70D 24",
Z70hi<X{ ]| zA<BCDE 'RXabO""
=gnXH,

P?O@A<BCDEQX!I=DT_) joOn0O
KkLrst UVW11c}XKL.wd Perrin"
Weber KH®#!

rfr=1+rRT/mV @)
7 N1 (OX/Z0A<BCDEQ, MZ |
23Ke mn ¥= z] POPOP (D (0O, 7
vIiInQDO3B . rMNMA<pqgq,n ™I rsXt
b.rFnQku=""%" wvWwWA<BCDEQT
X%""_ 1 rstXR Y!I 3w WdH@#)"k
I K[ POPOP'B'CD rstXR

[ra(ro=r)l/[ry(ro-r)]=Va/V, 4)
7 nFr,OsOV7 POPOP (DXA<BC
DEQ,V,FV,D/sOV7 POPOP (D X$
VM.

K[ POPOPB'CDrst UVWI1IIlcCcH
(npe, xC TR""wvabpg'Ch — POPOP
(O XA<BCDEQ(ry). G2 142 (POPOP#3"CD)
XA<BCDEQ(c(POPOP)=4.0(10® moH_", c(8"
CD)=0.007 moH_", r;=0.13), \sw 2((V/V,) XQ__

Yjrst UvwlilXc} O, Wddh
gXrQ, K[EG ., 1Wrst gBCDh1IXc
3 \1XY7yHl. ~ POPOPB'CD rst ,p"
CD1 B Xc}/0D 19.

2.4 FHEFEBEHHNE

Gonzalez"Gaitano MNDPEG6G@<H 1y
ZMNO «'CD38"CD Fy"CD ~ ¥} — BD (C
X\N{L L. \1™_UVW™ 3}~ 307?C
11VXFH? ,vey$SLRXTUVI?. J
BCD/1ly /K— ONn>*2[,G,X\.
1 §ik[26]PEN]TRINK, FZ/KOUVW™
33— 1? s0S@, 7nDiiVP#EL™
0.6 0.8nm AN\NXA1V, 7 1DliVP#EL™
60 100 nm AN\ XHFETUWVE,

Y 8 OYvab(0.015 moH. )X KOUVW
33— P2n>=RX POPOP (D (2.5(10° moH
LY)gXG@<HI1Y=,Y5Xcd5]™1@
Y8FN1IT_wx,z] a'CD}~ ,P2;""
P POPOP (D z7BD(XR 0Q_(Jlop
g$ab. #to~,POPOP (D 1 «'CD ~Ok=
FgnNOOl1lXhi ,(/70hi X\{0Q
M a'CDALVX1L "0, FwsXXG@<HI
Y=1 @Q.x(zZ|P$POPOP (D XB'CD
Fy'CD3}—~ ,ZOtu,UVWX1VFTU
VX119, rtu, ntiiivVP#}LD 15nm
ENXQU. /1T . IW6G@<HI1y=zMN
N, N!"diphenyl"benzidine (D 1. CD [ 6etu ,

1.0 2 0.020
£ o015

0.8 = 0010
=y >
‘5 g 0.005
5 0.61% 0000
g
4
g 04
&

02+

0.0 -

1 10 100 1000
R, /nm
B8 A POPOP % FHIAKE R 0.2.um Fﬂﬁf_lfé E’J
S H S B

Fig.8 DLS results of POPOP in the aqueous solutions
filtered with the 0.2-pm filter
The inset is the enlargement of R, ranging from 5 to 25 nm;
c(POPOP)=2.5(10* moH_", ¢(CD)=0.015 moH_7
) a'CD, ---)B'CD, s ) y"CD



No.12 ~1 J%OPOP pqUVWFgrstXMN 1471
F1 HERHSNED, RMBERIIMFHB RN POPOP 4 FHIB R P EHSTH
EHRAENFEER,)FEXTBEG R I FRE D B (w) HEHE
Table 1 Mean hydrodynamic radius (Ry), correlative intensity (1), and mass fraction (w) contributions of
various components in the aqueous solutions of CDs and POPOP"CDs

Sample Ry / nm 1, (%) wy (%) Rz / nm 1, (%) w, (%) Rig / nm 15 (%) w3 (%)
«"CD” 0.6&0.1 6.68 99.9989 - - - 64.4&0.5 93.32 0.0011
POPOP"«"CD 0.7&0.2 6.56 99.9989 - - - 114.2&0.5 93.44 0.0011
B'CD" 0.8&0.1 14.02 99.9998 - - - 114.7&0.4 85.98 0.0002
POPOP"B"CD 0.8&0.2 19.93 99.9997 15.8&0.2 0.31 0.0002 133.3&0.5 79.76 0.0001
y"CD" 0.7&0.2 3.19 99.9977 - - - 76.7&0.5 96.81 0.0023
POPOP"y"CD 0.8&0.1 3.24 99.9928 11.480.4 0.57 0.0061 111.4&0.4 96.19 0.0011
The aqueous solutions of CDs and POPOP"CDs were filtered with the 0.2"um filter; c(POPOP)=2.5(10° moH_", ¢(CD)=0.015 moH_,
“taken from Ref.[13], ¢(CD)=0.01 moH_*
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