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Fig. 1. Schematic view of experimental samples of poly-
styrene/oligostyrene blend films with PDI single molecules.
The above inserts are the chemical structures of poly-
styrene, oligostyrene and PDI dye molecule, respectively.
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Fig. 2. (a) Schematic of single-molecule defocused wide-field
fluorescence microscopy; (b) transition dipole moment of
single PDI molecule presented by using in-plane (¢) and
out-of-plane () angles; (c) 3D angular displacement (P);
(d) defocused patterns of single molecules for different ¢

and 60 angles as well as an averaged image for each row.

3 #£R53

3.1 4NFZHEESRYNMEZHEERDE
FRARR RS Foh 1=

A TR A = R R R R
Py () B Bl ) SR N RS PR
YT 2,0 5 2Ry e B v 1 B IR A4
l 3(a) FIE 3(b) Fras, X WA % 43 51
100 45 F 19 B A% B I B, T LA B X0 M fz ke
PSS FHETR L5 2 R RN 0 5 R W s )
AR J1245 8. FEIE 3(a) T, BT LA B4
FHUE AR S5 - 2(d) A B SR AR B, X 2 A
296 K Y 20 B AR TR 0 R R 363 K
1 T, (2 LWEE N RO E SR B R
HEESNITE, M0y T 058 S e AE R L R
BN RE R A AT 5 01T R HEIE 3(b) H, 2R
I T 5 Wy TS b B3 T IO R S I B R AR

148201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 68, No. 14 (2019) 148201

51E 2(d) P AR SRl XEEE 296 K 1Y
FYG IR o T AR LIRS R Y 240 K9 Ty, fEIX
IR T AR AR TER Y0 B A e i 3 )
bR, MV ETER IR R 7 B Loy F G
TR LG SR W By ) 2 5t 5 R AR P i By B,
PRI HY 100 A~ A [] 3] Y BRLITRT AR USR8 DB 1
KR TR EEERE. B2, 78 296 K 158
BT T R 207 e SR BEAS R LB A A st 7 T R
CITHRY R B— ER A PGSR 8 12434

3 (a) HK LA e W IEE h B) B3 B E 5 D6
8 (b) 4 245 2 Y B b i 503 1 BIUAR 98 9O R
L b B4 1 A 180 AR E 100 A BT B4 AR B IR 1R
AT LB WL 7R B TR LR R R IR AR SRR W)
VR R AN [ B 3 01 2245 D (B AR RO 4 )

Fig. 3. Defocused images of single molecules in a pure poly-
styrene film (a) and a pure oligostyrene film (b). Each im-
age is formed by accumulating 100 frames of a defocused

imaging sequences (scale bar is 4 pm).
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Fig. 4. (a) Defocused images of single molecules in a poly-
styrene/oligostyrene blend film, and the image was formed
by accumulating 100 frames of a defocused imaging se-
quences, two typical rotational diffusion behaviors of single
molecules in the polystyrene/oligostyrene blend films were
marked with square and circle, respectively (scale bar is
6 pm); (b) @, 0, and @ as a function of time indicating the
behavior of an immobile molecule; (¢) ¢, 0, and @ as a func-
tion of time indicating the behavior of a rotational mo-
lecule.
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Single-molecule probes revealed dynamics of confined
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Abstract

Miscible mixtures of polymer blends have physical properties that are often linked simply to the blend
composition, thus offering an inexpensive and convenient method to achieve new high performance polymers.
Confinement effect has been found in various polymer blend systems by the ensemble methods, but further
understanding the confinement effect still requires large efforts both in experiment and in theory. Single
molecule spectroscopy has the potential to provide an in-depth insight to the dynamic information by directly
coupling their reorientation to the segmental relaxation of the surrounding polymer matrix. We investigate the
confinement effects in polystyrene and oligostyrene blend films by using single-molecule defocused wide-field
fluorescence microscopy. According to the observation for dynamic behaviors of probe molecules in the blend
films of 75 wt.% and 25 wt.% polystyrene, we find that there are two types of single molecules in the blend
films: rotational molecules and immobile molecules. The experimental temperature of 296 K is between the glass
transition temperature (7,) values of two pure components and also is far from the two T, values. At the
temperature, oligostyrene component is trapped by the frozen polystyrene component, but they still move
locally. Therefore, the rotational and immobile molecules should couple to the oligostyrene component and
polystyrene component, respectively. The distribution of rotational single molecules reveals that the confined
regions randomly distribute across miscible polymer blends. The length scale of confined region is estimated to
be close to that of the probe molecule by taking into account the rotational dynamics of single molecules. The
local relaxation of blend film is also investigated by the rotational correlation time which can be estimated by
fitting the autocorrelation curve of ( cos(®)) with a Kohlrausch-Williams-Watts stretched exponential
function. The histograms of the rotational correlation times in the blend films of 75 wt.% and 25 wt.%
polystyrene are obtained respectively, which reveal the characteristic of local dynamic distribution in the
confined nano-regions. We find that the dynamic behavior in the blend film of 75 wt.% polystyrene is faster
than that of 25 wt.% polystyrene, indicating there is a confinement effect in the blend due to the increased
constraints imposed by the polystyrene component at a higher concentration of polystyrene. All results observed
in the experiment can be explained qualitatively by the self-concentration model. Our work indicates that the
single molecule defocused wide-field fluorescence microscopy is a powerful tool to study the complex dynamic

features in the polymer blends.

Keywords: miscible polymer blends, confined nano-regions, single molecule spectroscopy, defocused imaging
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