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Study on the morphology and mechanical properties of solid,
liquid and gas nanoscopic soft matter in liquid phase
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Abstract: In liquid environments, nanoscopic soft materials typically adopt a cap-like shape to
maintain their stability. Therefore, their morphology characterization and identification remain
challenging in the liquid phase. The present study employs Atomic Force Microscopy (AFM) to
achieve high-resolution imaging of subaqueous micro-nano blisters, polymer droplets, and surface
bubbles. By analyzing the morphological changes in various scanning forces, the morphological
characteristics of these nanoscopic soft materials are investigated. Subsequently, nanoindentation
tests are conducted to analyze the interaction between the probe and the solid-liquid-gas
interfaces, and their mechanical properties are obtained. The results show that under a scanning
force of 0.50 nN, all blisters, droplets, and bubbles exhibited cap-like shapes. Under a higher
scanning force (5.0 nN), the blister morphology remained constant, the droplet volume decreased,
and the bubble disappeared. Force-distance curves at the vertex under a load of 3.0 nN indicate
that all the three experienced elastic deformation. The probe has to overcome greater adhesion
force to detach the droplet, while bubbles display a two-stage elastic deformation. Furthermore,
due to the influence of anchoring effects, the considered objects exhibit stronger resistance to

deformation near the edge of the spherical cap. The modulus of the polymethyl methacrylate
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(PMMA) nanofilm is independent of the applied load during elastic deformation caused by blister
and it is estimated to be around 3.38 GPa. The interfacial tension of small-sized PDMS droplets

underwater is approximately 37.3 mN/m, while the gas-liquid interfacial tension of surface

bubbles is approximately 32.5 mN/m.

Keywords: nanoscopic soft material; solid-liquid-gas interface; Atomic Force Microscopy

(AFM); morphology characterization; nanoindentation; mechanical property; anchoring effects

0 51 &

40 2K B ot L A SRR 0 A BRI G0 g oK T
AN AN RV VAN B S B N R A TR A 58S
S5 o IX LR BRI AR AT 9N K B B RE N N T O
eI s g N, KA ROy ) A 2 A .

80 FAE F D7 AR H TS I, K B s ) TR A
Al RE LB R AR AL . FERUAH PR B R, K B i A
T e B R A DLOR AR E , BRI K Hh (] 44 5 g U 7
()58 & Wi oK I T T E R T B KL IR & YD
AR AR BB o 91K R 5T 1 7 30 RR AiE A
J1EEERe X N B B . a0 7E 25 %08
G, G oK URL ) TR AN S 5 P 245 ) R TR 3R
AT 0 LA S B A F W T 28 Aok o 0 K
(0T R R e e T 4 5 0 7 i ) R AL AN B 0 P

Ji - 77 8405 CAFMD PR H T80 #4825 8] F Al
9N Im) 73 HE R, H A T R AE K S AR 1 S i oK
TR, SR, LS FH 1 5 AFM T 80K AE A DL B
FEDC A WA A B [ VR AR R R, R = TR
ARAEFHERATI IR B BhiR o

H 54 [ AR A AFM 15 5 8 W] 34 A 58 (HO-
PG) & [H W 2 B 9 oK S LK, fOkER 2 1 B 52
B IFUEFIH AFM B 707K F R E4K S . Zhao %
KM AFM [ {5 /) 5E B 40K 71 24 45 3 (PeakForce
Quantitative Nano-Mechanics, PF-QNM) Fl %% i #
1, WFIE T A E S 77T IR 9K O BT S &
J1E Ik Re, K ILBEAE 6 1O, R AR A
) R ST S0/ o An 200 FI T AFM () 42 i A = AN
P fb 15 X AR R 77, SEIL T X HOPG R T < -
FrIH AR G WS Fe R T . AR R B, Jia
S g — B PR HOPG R K . BEY
00T R[] AR R, ) 2 T 4 K A ) IR AT RS
Z AR RBEAT T RS HT. X L TAE NG K 0l
IR FEAIN AL T EE S K TFHEF, B
B VYK R 5 2 TA] ) S 2 B R TE g K K
T O B S TR A R A R TR AR AL, BT
AR G 0 5 v Li PR AFM BT T R IR

£ T IR 7 1D K RN R T U B T B K Ty A
fE, AR RO T, KA 71 & B BUKIB BT R
Wi, R A AR T . Xu %R A AFM 92K
JEIRVE R G TT 7K 1R, T A S 5T
BARTRA M T IR S 56 b 9 K K A2 T i A
FESL T T AR K AL A RS 2 ) B R R, O
R 17 AR P T A A P

FAT, B0 7K R g oK oK VR AR T
PBL L AL SR AN ) A RBE UIE AN T8 8, R 2 K
[\ VB T T TR A R D 2 BE K B T R A R
o ASSCAE T AFM XS 3 Fift it 78 2909 K B4 Jot C e ) oK
K R A R R R T D [ A
AT G TH EAT R B B ORT 70 SR AR, ERA 3 Bl STH
£ 0.5~5.0 nN 94 /1 F ISR, TRITTHIK K IR
S8 R R BT 5 S T 2 TR RO AR AR AL, IF o pr T
3 R R A R A5 B B 1A

1 ##TTE

1.1 #F&EMMKKEEE
111 HIEK TR K AE

TEHB FE VG P b, A8 PR S TR R 2 T TR
RGEBEEAE 1 em A SEE Fr, BIK 5 min, 595
PABSIWRT o Bl G, H 5 R 3 D 0 % H IR (PMIMLAD /
B 28V W (0.012~0.050 mg/mL) H &) B HLiE & T 41
L[ Fy AR, )4 BT A P 4 oK T O i 1 1 A
W2 SR T 5 w2 o S S I SR B o B SR
J /A BERE S BT AL 80 °C 25 FIE K 60 min, Z
JG S A R, LAV BRI N B ) 9 2 B ik B
FM SR R R R D SR A R R . F R K S
(R FF B T RE IR A, v ON R Al KR R R
Mo 5K 5 RA WL IIH 2 5 KT B0 K 6,7 1)
BR TR 450, BIA g KoK . # B 1 hJs R ATk AT
112 KEEEL RISk R EwiRiE"

{5 FH A B 9 S AR EF AR BE X 2 20 plL 38 W R A
A bt (PDMS) W - ¥4 1= € 10 By g A1 58 (HOPG, R

RiBMRESE



12 L B

http://www.syltlx.com

SN 12 mm x 12 mm x 2 mm, £ T BRI
WA AR S R R B R IR ) AR, BAR
35 mm, & 10 mm) [ &, 7£HH R 1~2 cm 41
AN [ B 2 Y A A 8 A K T R T R IR R
17, B 5 3 0k 47K BL &K R S EE A,
TE T IR 2K |, B B 4K #EAT T 5~6 UG
FEWIE U, AR R R AT W] BEAFAE D B g (F2
RVR T3 5 #5 St Sk EAR B 1) PDMS BH A AE Y1
PERE I )
113 REEFSEHAxEESEN ™

1E 4 C TR Ak A% 48 h J&, W50 8 i
JF 1 HOPG £ il , 28 )5 ££ 70 "C ) hn # A b 3%
3 min. /KRB IKE ZER25 C 1 C)
I, 3 T A AR K AT H R S AR T HOPG 2k ik %
T, T8 A4l oK 26 T =i
1.2 AFM R38R FA S5 3RAE

1# FH AFM(BioScope Resolve™, 3 [E 1ji & b 2
FDXE KR BTG K B BT AT TR SN g 2 .
SRIRER SRR, R NEH B FIF HENLEL 200 W
Th &3 P B AL AE CSigN #4415 min™. #4731
M7y 25 AR B HE AR 1, R F #Ee A V427K S HOPG
T of 2 A ek R BT AT AR HE . 3B I AFM 4
KB IR LIRSy —BE B Hh 26, R H AFM & 4 b 2
3 4+ ( NanoScope Analysis) % #F 47 &b 2 A1 7 #7 o
I id Gwyddion #1F 38 BUE 30 S 1 5 46 B o 2%
T dR /N e A B W KT I TR B 3 AT = 4 BR e 40
By PN B BT I A RN I A ) R 22, A3 B
Bl A2 v w2 Hy #1341 R A fil A 0 25450
X BT SR

2 HRMITIE

21 AEAEATHH KRR R

£ AFM 1] PF-QNM # 3 F, X A SNL-10 #&
BHCRIEE &~ 0.35 N/m)Jll & g Kok, R A0
WAFESWAES . W 1FR, Y880 Fy =

e o [ | A
CRRILEZLLN K
(a) KRR AFM LR R 5 E
e AFMEE 3

! H
R W, \
AR
S R y
(b) AFMYK R IR SR s
H/nm
-50 50
i 71: 0.5 nN 1.0 nN 3.0 nN 5.0 nN

1.0 pm

(c) PRI IAFM 45 o % B4

B 1 KRTHRERMERE AFM R 5RF0 1 FE
AFM morphology and mechanical measurements of suba-
queous nanoscopic soft materials

Fig. 1

0.5 nN IF, SR AT 0 [ - VAN S A TR 5
SEERGEIR s Bl A T R TIOR3 R g K B R )
TSR A A . Wk 1~3 i, 3R g K5y R i
B H {9 16.0~330.0 nm, %1% o U E N
190.0~700.0 nm, 1 18 i &7 5 1 T 35 36 AE HE LA &
AT X 4.

ME 1) MK 1~3 T LLFE F, 7£ 0.5~5.0 nN

% 1 0.5~5.0 nN 135 THKERIRIFE
Table 1 Morphological characteristics of blister under the scanning force of 0.5 ~ 5.0 nN
131 Fs/nN EfiF1ta/ wm #fEH/um HZEEE R/ pm Hef A0/ (°) ARV/ um?®
0.5 0.69 0.330 0.88 51 0.27
1.0 0.69 0.320 0.90 50 0.26
3.0 0.70 0.330 0.90 51 0.28
5.0 0.69 0.320 0.91 50 0.26
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Table 2 Morphological characteristics of droplet under the scanning force of 0.5 ~ 5.0 nN

Hi S Fs/nN e fZa/pm % H/pm MR E R/ pm Hefsa0/ (°) ARV pm?®
0.5 0.53 0.120 1.2 26 0.053
1.0 0.51 0.120 1.1 27 0.052
3.0 0.43 0.096 1.0 25 0.029
5.0 0.43 0.096 1.0 25 0.029

%3 0.5~5.0nN BN THRESERREHE
Table 3 Morphological characteristics of surface bubble under the scanning force of 0.5 ~ 5.0 nN

341 Fs/nN Efhfita/ wm FEH/um % ¥42 R/ pm Befuh 10/ (%) AHRV/ um?®
0.5 0.32 0.043 1.23 15 0.0070
1.0 0.32 0.037 1.40 13 0.0060
3.0 0.19 0.016 1.08 10 0.0009
5.0 — — — — —
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Fig. 6 Plot blister stiffness as a function of indenting force
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