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Transmission Electron Microscopy Characterization of ABC Triblock
Copolymer Microphase Structures via a Dual—staining Strategy
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Abstract: The nanostructures (e. g., helical phase, bicontinuous phase) formed by micro-
phase separation of block copolymers are closely related to their functions. However, due to the sim-
ilar chemical properties of different blocks, the contrast under transmission electron microscope
(TEM) is extremely low, posing challenges for structural analysis. In this paper, a specific chem-
ical staining and multimodal characterization strategy was developed for various triblock copolymer
systems including polystyrene-b-poly (4-vinylpyridine) -b-polylactide (PS-b-P4VP-b-PLA) and
polystyrene-b-poly (ethylene oxide) -b-poly (L-lactide)  (PS-b-PEO-b-PLLA) . By using I, va-
por for selective staining of pyridine-containing blocks (P4VP) and RuOs for differential staining of
PS and PLLA blocks, clear visualization of the core-shell-matrix three-phase structure was
achieved. Furthermore, combined with fast Fourier transform (FFT) -based image analysis, rap-
id identification of complex microphase structures such as disordered bicontinuous phases, helical
phases (H*), and cylindrical phases was realized. Through the combined use of TEM, scanning
electron microscopy (SEM) and small-angle X-ray scattering (SAXS), the correlation among mi-
crostructure, phase morphology and crystallographic information was established. This technical
strategy has been successfully applied to the analysis of chirality transfer mechanisms and the evalua-
tion of pore topology in mesoporous materials, providing a practical solution for morphology charac-
terization of complex polymer systems.
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1 LYAGHJE SVA 1) TEM €%
Fig. 1 TEM images of SVA before and after I, staining

A. The deep black regions correspond to the P4VP shell (indicated by green arrows), while the light gray regions correspond to the PS matrix

(indicated by red arrows) and PLA cores (indicated by black arrows); B. In the unstained sample, no distinct microphase—separated do-
mains can be resolved (A, VRS PAVPFEZ (GHEASFRENRE), FEREG KN PS IR (L GASbRENRIE) FIPLAK
CROEFRENDIE); B, , RGOS MK TRIER )
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The deep black regions correspond to the PS ma-
trix (indicated by red arrows), the bright
white cylindrical microdomains correspond to the
PLLA phase (indicated by green arrows), and
the medium gray regions correspond to the PEO
middle block, which is difficult to distinguish
due to its short block length (IR HA{G XI5 4 PS
Sefk (AEFEMRENAIE), fr ki
XA PLLAK (SRAFEAIREMALE), HE
TR PEO )ik B (BIRBEEIA S

< ; . ¥ )
L Fies 354, ' . —
oy 3 WERaESVAR TEM e SYANI0) I FFTEIE? Bl H 5K g
AR T %I R Fig. 3 TEM image of SVA after sequen- (E4B), 4A M SEZE ) TEM EHE Y
N T RITIR I L tial dual staining (L +Ru0:)  HCAAMY [001] Hehlspss, o ho5J7
}EH % @J ° 7‘( 7‘? 5,_5,_,'-2_: ﬂF ﬁ’lf( *H The darkest regions correspond to the P4VP shell . \
MEFRHEPIHFIRIE X, 5 FETAERER)

; N (indicated by green arrows), the medium gray
(HC) E,J FFT I;%—_] EP Hj }m/\ E: regions correspond to the PS matrix (indicated ,‘ﬁi}jiﬁﬁﬁ}]&ﬂﬁjﬁ:}ﬁ}ﬁ*ﬁﬁm R R ;j\:

X‘ K |/?A > f ,'.J—f': e arrows), an e brightest regions corre- . P e
o R B AT S BE A (B by bl ), and the brightest reg FHIESE T HC AL ST . % FFT

4A 274—%:‘ JEY 52 15 I‘Iﬂ spond to the PLA cores (indicated by red ar- o i : o ‘ o

}:) (;;f’ifﬁﬁ ;&ﬁ vows) (PAVP CREEF) (St Sbikm ) J7 BT VE R L5
o AL EER PS () (L ARIER ) — N -

o, ATHTHE R E R = PS (H%) (B OFARERNIE) —PLA BT KB T . o H i T SAXS

=) WL (A i) (afafikbrn) ) 0 oIS oA
w5 I RUESA (4 o S S LB U 2 R B




5 XX ] RS ABC ZHBIERY AT 0 E G (A IE ST LB R AR T IR 5

K4  AEAEL ) TEM &% S = FFT 6k

Fig. 4 TEM images and corresponding FFT patterns of different microphase structures

A. The real-space TEM image of the HC phase shows a hexagonal arrangement, and the corresponding FFT pattern after noise reduction exhibits

sixfold—symmetric sharp diffraction spots; B. The FFT pattern of the disordered bicontinuous phase shows a single diffuse ring (A: HCAHSE%5 8]
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Fig. 5 TEM image and SAXS profile of S-E-LA



6 SRR (http:/fwww.fxesxb.com) XX B

fls e &l

% 50 nim

K6 URHEAH S-E-LA 1E0°-30° Rt 12 T ) TEM (%
Fig. 6 Tilt-series TEM images (0°=30°) of the helical phase of S—E-LA
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Fig. 7 SEM, TEM images and N> adsorption-desorption isotherm of eSVA/N5
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