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Transmission Electron Microscopic Analysis of
Nanostructures in Polymeric/Soft Materials
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Basic principles of imaging and diffraction in transmission electron microscopy (TEM) are briefly
reviewed. This is followed by more detailed methods of specimen preparation and instrumental
operation for this particular category of materials, using published examples for demonstration
purposes. Strong emphasis is given to fragile and low-contrast characteristics of polymeric/soft
materials; typical strategies to overcome/by-pass the inherent difficulties in dealing with this
category of materials are delineated. On the basis of our previous experiences, proper instrumental
specifications for TEM instruments aimed at the exclusive use of morphological/structural
characterization of polymers and soft materials are suggested.
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k1. ZHEETHRAERETRI00KV BFHF? -

Rk BAZ | $BHt | LaBs | H
Work function ® eV 4.5 24 4.5
Richardson’s constant Am K’ 6x10° |4 x10°
Operating temperature K 2700 1700 300
Current density Am° |[5%x10" 10° 10"
Crossover size Hm 50 10 <001
Brightness Am st | 100 [5%x10°] 107
Energy spread eV 3 1.5 0.3
Emission current stability | % hr' <1 <1 5
Vacuum Pa 10° | 10" | 10"
Lifetime hr 100 500 |> 1000
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contrast) ~ S ¥ L (diffraction contrast) E1'E &
B GRAEE RIETFF) ¥ (mass thickness
contrast) ° A7 ¥ b AH B 5T B B B T R A E R R
MES > AWM - #HEERR @x{$2ﬁ¥iﬁ
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B A B 5 B FE T R B B AL AS SE R e B — R
% TR SRS 5% (lattice image) © R & BT >
HZE TR E N T ERE S E 74 (atomic
structure) AL
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{4 (bright-field image, BFI) BAH5iHEF (% (dark-field
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JEAL M B E EE L L (mass thickness
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e ARRBEN E e - R hEEZER
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S E 5T (selected-area electron diffraction,
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HEE P BHERT LA RNEIRY 5 o G A LIS AR
%)) FREE T EE AR -

8 Rt B LM — B LImN M (PS-
PEP) ## B 5 IR RS A 2R % =\ BB T A R
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T > A PS B ETEEECN - KR B
BER Ry PS o 1 H BBl Ry T K. PEP
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BB REE G o mE M GRERRIEE
gt IR U M LG R RIEE %
FREE A K711 (beam coherence) ~ ERIHIFH
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8. R4 % & PS-PEP R & A RMEREMIH &
BEHWHE -

FREEERRR - BEEIE A ERREVE (under-focus)
HIRRE - HLIRFEE T3 R Z VB R AR AT 2 (5 L
EEEL > RZETEEBNZYER TEM #&
RSB EEEEEREERREE (over-
focus) ARFE - FLIFEE A RS LU A S E %
FERA VB R E et - 2SI BT
FEUNZYIERY TEM (5% E 2R EE - AR AE#
RNRTZ SRR AT E EEE S L
FEES I - RS H MR B EARRE - MLVEE
EEH AT » NE SR A LR E G (AT
it BEFERERER (L2 2 BRI Y phase boundary FA{H]
R R o R E SIS MRS e &
I - R R B REE - A B
fEER - o TRl A EEEE I GAREES
J& 2 $5t5 (shadowing) S Y4t (staining) ZHGHR L #f
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B 9.PS-PB-PS/C12MA JB-5Y » &% 4 % BB AT 42 4%
REBKBRE R > BAW R E EPT
FZRARTFHE () BRE  RAFTASE
PS E 3K > RTAIAEHEZHE 5 (b)—(d) &%
B &#ugiag AR E < (100) ~ (110)
(111) @ H 2R EHILFE -

— I LI S AR (PS-PB-PS) VAR B M
Bt —hiFe pk B o ARSI IR BT A E R (I
B USSR EEY o R
R PS K BIBR DU T T HERE 4
e PB Y > HRILE®RE - ST
2% g PS [EIER » IFIFATERSZ HER - [ 9(b)—(d)
HE B G - SASEERER- .2 (100)
(110) B2 (111) E41A B 10 BEELMG —BLEHEA
B2 (PS-PLLA) B LBV 2 BEREEHILEG -

B 10. v G/t 3% &.4% PS-PLLA & % R4y
B TR AR B -

FEEE Y] S 2IEAT Ry 50 nm ZE ik - RISk
HEE BB PS SEESEIT A MR E B E ¥
FE® e BEEAHERy PLLA ZORERELIAHERE 205
ikt PS EBEF ZHEHE - U1 TR KI RS = ER
PLLA FOREfEZ K8 -

2. EEEBRF

R R S EER (BIEsTEET
ZERELEE ) o ATR 2SR m R - Y
BB A BRI R AT N B R (A0 Bk
M LATHIE Z FERE eI Bt Fr o FRASEF 2
il > R AR (BRI Ry L
FLEGH) - W REER AR E R

Functional group Examples Staining agents
hl Ifonic acid
Saturated hydrocarbons Chlorosu onic acid,
-CH-CH- (PE. PP) phosphotungstic acid, or
’ ruthenium tetroxide
Unsaturated hydrocarbons Osmium tetroxide, ebonite,
-C=C- (polybutadiene, polyisoprene, or ruthenium tetroxide
and related rubbers)
Alcohols . .
-OH syt gisti) Osmium tetroxide
0- Ethers Ruthen.lum tetrox.lde or
osmium tetroxide
NH, Amines Ruthen.lum tetrox.lde or
osmium tetroxide
-COOH Acids Hydrazine/osmium tetroxide
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S : shadow length L : lamellar thickness
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PLLA (200)

' PLLA (110
:

4
Crystalline PLLA lamellae Amorphous PLLA and PCL domain

DpLia
14. PCL-PLLA & X VER & SHF 42 (a) #in
W (b) MHRIFRETHHEE (o)
S TAHEA o

4. PR /RETREF R 2 LEER

A FPAEREN S » BH BETR B st HL T A
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WNEE - RIILE(E 7R e R R e B A
Fr (EffY beam damage H SRS &) Sfe/EfL
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Fs PCL-PLLA G ILBY{E NS LI k.2 B
AR - [ 16(b) FAHE 2 R ErE G -
Frf& & LT etk g Ribih < PCL Bl
PLLA S#EE S 2 BBt » Rt B EE 5 5
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B fPAEZ IEHERI E » PP AT DARIRFRA e e (i B b
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53 0 (] B SE— AR a2 L BB RN o
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MERIER RS T EREE MR TP R R B
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B 16.PCL-PLLA & X PR & RF L% (a) AR
PP (b) BRI AL o WA B S
R4 » PLLA ébf R BEMEEEE 10 nm
Koy e

FEF R A AR B N B A SR i E AR TR
R E & - OH S EHRKE MR 2855
NERZIRESHAE] - Hh—E B UERIERE - k3L
THIEE R E R - RNRISEE © IR MR —
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B i R S S P R R e e A
LR TIRE G I B - fIEER
120 kV BIE:#A > 200 kV 7REAE > 300 kV DLE
ST A TR o (RIS S (AR v B H G i
BAHR(E 2 i > BRIFTREA R EAIMESSEGL (04
i) > BRI RAGFRERLE -

Mz BEREE - ARAYE BB A TE
£y BERZEE A E SR E MR i BF
LR (2 ERERERTTBI IR ZTY
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