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Figure 11  AFM image showing the featureless morphology of the PEO ultrathin film after melting

at the temperature of 80°C. The scale in zdirection is 30nm
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Figure 12 Fluorescence images of the supercooled PEO ultrathin film at the temperatures of (a)50 C
() 38°C (¢) 22°C before crystallization
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Figure 13 (a) Typical diffusing trajectory of PEO molecule in supercooled monolayer at 50°C. Time
interval between adjacent steps= 0. 1s.(b) The temporal profile of mean square
displacement [ R?)
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The data were from tracking analysis of 50 individual molecules.

) 16 . .
6nm, PEO , h=L/(nt1), n
, PEO 31 6nm, 4 .
2 2 2 4

. . 38 C

, R 16 . 8nm,
3 . 50 °C, , llnm, 2
AFM R



© 177 -

10

10' i d

o 0

S.E “E 1004

e T

Z o

e ot ——

v Py Eﬂ{_}ﬁ,,_,—
10" (b) 1

20 25 30 35 40 45 50
T(°C)
15 (a) 50 PEO ( ;2 4nm) 50C ;

138

(b) PEO
Figure 15 (a) The temporal profile of mean square displacement of 50 individual PEO chains in the
super-cooled sample at 50°C before crystallization; (b) The value of diffusion coefficient

of PEO chains in its super-cooled condition at different temperature and

postcrystallization samples at different temperature! ! .

16 AFM PEO (a): 22°C (b): 38°C (¢): 50T
4 30nm.

Imrsitu AFM height images showing the morphology evolution of PEO mono-lamellar crystals

Figure 16

under increasing temperatures (a): 22°C; (b): 38°C; (¢: 50°CP%,

AFM , .
, 22°C 240 PEO
R 17 . AFM . AFM
R PEO
) ) , AFM .
AFM .
38°C, AFM : :



° 178 - 2011 10
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Figure 17 Fluorescence microscope images of PEO mono-lamellar crystals under increasing temperatures
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Figure 20 (a) In-focused image; (b) Defocused image
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Figure 21  Schematic of an emission dipole oriented in space showing the convention used here for

the polar ( ¢) and azimuthal (0) angles

, 0 @, 2

. 48
Enderlein s



10

° 181 -

22 ) )
Figure 22 Fits of simulated images (right panel) to experimental emission patterns (left panel)
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Figure 23 The sketch of epi-fluorescence microscopy
Jorg Enderlein (‘http: //www . joerg-enderlein. de/ 7 292)
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Alexa532( Alexa Fluor 532 carboxylic acid succinimidyl ester, Invitrogen, USA))

(PS-Alexa532). o
(polystyrene, PS, Mw=392, 000g "° mol ', PDI=1 18, Polymer Source, Canada) 1-
(Aldrich, USA) , (PS-Alexa532). PS
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(100 0 24h, .
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Figure 24 A typical fluorescence de-focus image of PS film (thickness; 11 5nm) at 40°C. Most of the molecules
show orientation parallel to the substrate’ s surface, demonstrated by the symmetrical dumbbell-shaped
patterns®¥ . A small portion has noticeable outof-plane orientation, denoted by Arrow A as an example.
The size of the image is 50 64mX 50 6m. The inset shows a magnified section of the original
image. The chemical structure of fluorophore ( Alexa532) labeled polymer is also shown. The

double arrow in white denotes the direction of emission dipole moment of the fluorophore.
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of observation®™. Right panel: The in-plane dipole orientation angle (9 of this fluorophore as a

function of observation time. The sample is 11 5nm thick PS film and the temperature is 44°C.
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The Studies on the Physics of Polymer Single Chain by Single Molecule
Fluorescence Techniques

WANG Sheng-qin, JIA Peng-xiang, CHEN Rui, ZHENG Zhong-li, LUO Shuang-jiang,

LU Xi, LI De-sheng, ZHAO Jiang =
(Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China)

Abstract; This article summarizes recent studies on the physics of single polymer chains by the
application of single molecule fluorescence techniques, especially the recent researches from our
laboratory. By applying single molecules microscopy and spectroscopy, such as fluorescence correlation
spectroscopy, photon count histogram, single molecule fluorescence imaging, and single molecule
fluorescence de-focus imaging, we have studied conformational transition and counterion distribution of
polyelectrolytes, single chain dynamics of polymers at interfaces, single chain diffusion and segmental
motion of polymers under confinements. The results indicate the great potential of single molecule
fluorescence techniques in the study of polymer physics.

Key words: Single molecule fluorescence; Single chain of polymer; Polyelectrolytes; Polymer

crystallization; Glass transition



