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Abstract In this work we report the Langmuir film-forming process and morphology of Langmuir-Blodgett (LB) films of
two dumbbell-shaped hybrids at the air-water interface. The hybrids are two A-B co-cluster molecules composed of two dif-
ferent clusters that are covalently linked together by an organic tether. Cluster A is a trivanadium-substituted derivative of a
Wells-Dawson-type tungsten polyoxometalate (POM) anion and cluster B is derivatives of polyhedral oligomeric silsesqui-
oxane (POSS) cubic cage in which seven isobutyl or isooctyl groups attached to seven corners of the cage and an aminopro-
pyl group attached to the eighth corner. The organic tether is a terephthalic acid. In our experiment, we used Langmuir tech-
nique to determine the surface pressure-area (7-4) isotherms and cyclic compression-expansion isotherms of the two hybrids,
and then studied their Langmuir film-forming processes at the air-water interface. Our investigations show that the two hy-
brids can form good Langmuir films, indicating that they have good amphiphilicity. The Langmuir films have a hybrid struc-
ture: a TBA-encapsulated POM layer faced to the water surface and a POSS layer contacted with air. Meanwhile, we also
used Langmuir-Blodgett (LB) technique to prepare LB film specimens for atomic force microscopy (AFM) characterization
to study the surface morphology of the films and for transmission electron microscopy (TEM) characterization to study the
morphology of the films. The root mean squares (RMS) of surface roughness of the LB films are smaller than 0.6 nm, only
one sixth of the molecular length, meaning a smooth surface. Due to existence of tungsten and vanadium in the POM cluster,
we successfully characterized the morphology of the LB films and observed a two-phase morphology in which the dark do-
mains embedded a bright matrix. Appearance of the dark domains means formation of more ordered structures. The contrast
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and size differences between the domains and matrix are intensified during the gas-liquid and liquid-solid phase transitions.
This means that it is a fluctuation phenomenon of the morphology occurring in the phase transition of condensed matter. All
in all, the findings provide a new method for construction of the monomolecular LB films with a hybrid structure via a ra-

tional design of hybrid molecules.
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hysteresis loops formed in different surface pressures. (C) Plots of hyste-
resis loop area vs. surface pressure
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at various surface pressures. The insets show the line profiles of the LB
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Figure 6 Plots of root mean square (RMS) of surface roughness vs.
surface pressure () of the two hybrids
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Figure 8 TEM images of the LB monolayers of PPP-2 at various sur-
face pressures
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HH] DL H IR SRS A A X B 1 50, TE M A
o, AR TR RS, W LUE L PPP-1 ) LB
JEAIE A T RS 2109 2.1 nm BUREREEIR, SFIyiE R
#)5.3 nm; 1 PPP-2 (1) LB JEH R 1R ~F 2908 2.3
nm SUREEM, RIS TR A

£ 7=45 mN/m B, PiFhZb5r+ 1) LB JEEN T
FasEEAE. (28 7D ) TEM M8 H- i 823 PPP-1 K]
LB 5 L KK TE I BE X 454, PR~ 35 nm.
FERCR HIAE R A, BT WP RS2 2.3 nm RGBT
A, FEOAGAERIX WAL, mER TE 1) TEM B A
AT WLEEE] PPP-2 [ LB i b 1B 1 BH B AH 8] 1) 4y 45 440,
Zts A B RN 58 BE ALK, PR L 10 nm, P
YR E LN 3 nm.
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2.4 Langmuir JEfZELIS T2 LB JEBREEASLEMIAITIE

AW FC A A IS 424 53 T3 A TBA PHES
TEZEN) POM B &1k 5 [F 41 B R #8216 POSS,
AN T RS I R . e AR
WA T 23 FLIR, RN R SR B G 2 ) LA R[] (4 R <T A
MEAER, XEREBEME Langmuir R BGLFER
KDL, ILAh, POM R =4 5 RFIELE 2105 T
R POM BT BE & G5 —FEFAE /KT b, A% 5 15
ARUSAT e i e R — e M A BB, T ik g4k
S FAEKHE BT EATMM R, 9N ARSI SL 6 45
B, BATREGEHR H R R Z 2Lk 54

FESEMETTTH, WA Zb 5 TR 2 S 5 KIS St
L EEE R F 2R Langmuir JIE, /R80T ST
SRR, TBA B POM B B TR R M 38 T e 2L 5%
B POSS #%, Nk, BATAAESSE/KI A L,
W) POM #55 K A AT B (V0 S R, 4B g i N 7K
i POSS BtaAm 25, WA S ik v 2 A ) ik 2,
PIASZAL S T8 LA U ST AR K b, 7E S T R
Langmuir i, 2R T HZ451): TBA €1 POM 2
7K 5, POSS ZHAAI %, TBA L2 POM % 2 [H]
F 5 EEL AR B AR FH o T e S B A B2 1 POSS #5 2 [7] i 3 42
SRR EAER, XBCE R OSSR R e M. BT XA
MR 2R, A5 7RI B R SEA A ), 87T 50
mN/m. JAb, ES RO -TE AR AR, ANy
T LB MR T KA MBEILS. RN Z, 55
8 FH B R AE ME UM L, AN 24t T FEOK,
SEE R, FEON AR S MR, B
(. 5 Ine e AECE SE AT g, LEBRATTRE S 7 SE
ST A Bk VR FRAE (1 25 4.

TEAMETTTH, P A4b 5> 19 POSS BEAME S A1)
AR FECT R PRI 2R, S T R0
THIRESEMBESEW. NIRERIPA 24055 1)
m-A SR 2 uT DL T R E AT B Langmuir s #2122
5. PPP-1 {EAIXH /N 4 FIHFL R A4 a6 s, <
TOORD - ] P AN AR R AR B X 4y, o TR PR T AR A=
1.48 nm®. PPP-2 7E4 KI5 TR ik 46 e, 1
H BB AT LX 2 S -8 ARG AR, e R
TR 49=2.40 nm®. FATREWE M FEPIA 241001
HI o FBRTH AL, 75 TBA PHE T2 POM B &1
TR — A A, R EAZ08 1.35 nm, 1
BE LK BRI AL 1.43 nm?, 50045
PPP-1 (] 1.48 nm® $150F A% R T AARICEL. PPP-2 Hh,
AN BUARIE BN SR JE POSS BORBA—ANE A, H
WKL K15 nm, fEEBETITERZ) KN 2.25 nm?, 5
3 PPP-2 ) 2.40 nm” 54> T HIALBR AR AHUC AL, 24k 4>
T POSS B o Fl bR RS 2 7 %5 Langmuir
FECFIFE B FE 3 T DL R AR R A

7£ PPP-1 H, Bt~ T A H POSS R/

Acta Chim. Sinica 2015, 73, 441—449

© 2015 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

T TBA 21 POM [ R~] H TBA %) POM Z [i]
R HUAH LA A g, Rk, POM BCCR%E PPP-1 ()
Langmuir fEEEGIFE. B 2A 71 PPP-1 1) 7-4 S5l 28
55 B OC T BH B 1 3R T 1 R K POM 2R 46 53
FEUTRBATAR ARG A YLEE POM 244k 5 F 1)
m-A S AR IEEACH [, 385K B S A SRR -
[ AR AR, X R, FEARRESTIAEKTH ¥ PPP-1,
FEIZHE4E L FE b, L POM #%2 8] ) 2H 25 32 i8N,
— BAEAEA, o (AR BN, SR RN T WA,
UbZ, B3 S F n] DA /K T R 351 IR T LA
VAT, A LR PR 4 B 2 AR DS, R e N — A0
NFREAE G X, ebER s N T EEX, o Edk
SN,

TE/KTH b PPP-2 K Langmuir B)Z 5 FE N 5
PPP-1 #H[H]. {HJ&, 7£ PPP-2 1, PPP-2 )T W BR i 7
(Ap=2.40 nm®) KT PPP-1 (4> MR I (4o=1.48
nm’), A LAULEAYE RS FE A POSS BEIA AN 5o
FE ARSI 2 BN 440 5> T Langmuir 512 TE
BT FE. A TSRS H PPP-2 23122 8] i FE B 15 Wk
/INEF, POSS A1 -GN 37 3 B 3 S A HL A, S8~
W0, T gk S R AR, AR 1) R SR, TTRER
ATHBERE, REESFE o FERESE N, HRT A
RIER/NMER I X, GRZEN TAHX. b5 it
—P Y, AIAESECT TBA H.5 ) POM #% 2 8] A H.
Fefuh, B TRHEN T FEARX.

HTEZ4b T4 POM B&H &Rl el
B F T I BE 5 T A ML h iR POSS BEH AE, f#
FATRENS FHINE FELE Y 200 KV BB 5 HL T 5 e B
W%2 LB fE A RS LG, B 7 A1 8 H 1) TEM JE 15
MR T, M Langmuir T 46T 5 B 55 26 AT, FEE
RIS IR ES LS. RANTME R RFE 5 nm
PLUF IR G5 i, R LA TR A, AT
RS L KRBT X, P ARZ 444k 7
MRS, B MREEE m TREX, RS B S A4k o
RESIMEREE &, SHEMAEE, M2 EfER
J RCE N B 45K . Langmuir JE o B I REAS 24 5] 1
I REE R ISR, JUHX T A7 H I
POM-OL-POSS Z=1b 7 T, X & RN TEA SLIG 444 F,
F4b 5y F I ) Langmuir B8 I8 B 24P 4,
IXFHIL R BAE B R S EL 2, R —MORSH AR S 5
—FOIRASHS, H IR Bk IR (S LK 8C).

EYN T, FATRIL PPP-1 A1 PPP-2 444k 5y A
R RESSEMER. XM RESLSWZERETNHT
PN ZEAF FICH R (1) FERF RS FRINSESR
A BRI XK, BI7E 7=5 mN/m I (3 WL 7A #18A);
(2) MRS TESXE, B7E 7=45 mN/m I}
(Z 1L 7D F1 8E). MiXL TEM JEF A 3RA TR 22 51145
KPG8 Rk T R AE . B W 55 22 A BE IX 1 RSF: PPP-1
FIBEIX W KT PPP-2, Ui PPP-1 Refs PRt plif
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FFEISER, JRIRLET PPP-1 444k %1 POSS 45K
fai s, AT A T4, ah, PPP2 75 7=22
mN/m B, LT JER R KT AL, I L 25 A T
TV ORI AR R R 24

3 iR
BT R T AN T2 7, e E T
I AR ST TR SRR, — AN T R fH B 1

(TBA) B E ) Z IR K Wells-Dawson 7Y i 45 45 i
(POM); A — "4 T RUIA5 LEEATAE(POSS), FMEIT)
AN BRI 730 — AN E A B 7 T R eE
AR FHUER R CRN IR R, AR, R
M7 LB, iEIX ANk 5 FAE K-S TG
BT H5> T2 Langmuir fE. B TBA £ POM 2
EIA KA, TR R POSS 280 1A 45/, 8 i 36 1 -
S5 AR (r-A) i B A 7-4 TR IR M 2%, FRER
FRFF 781X 5 A 2% 6 2 T AE K R TH LB R4y F 2 1)
Langmuir JERTEERE, 3745 T FAI45#: ()TBA SFEM
POM & [AlIAH ELAE 5 T b L 55 B2 POSS &2
(AR AR, SCBCEE BT BRI e e . BT X R
K&, P4 T 10 it R 2R A AR, 3@ T 50
mN/m; (2) & 7 M A 710 T IR BR T AR (4=
2.40 nm?) KT 57 T3 AI 240 5 7 10 9 T W2 PR TH FR (4o
=1.48 nm?®); Q)ELELEIFEH, SHF T MBI T
BEEMNSAEN T A, e 5440 07
SARG IS — AR S FREN T A, BB T RSHRCR
S A R 5 TR AR R AR A S FE R [
iF, R F Langmuir-Blodgett (LB)$7 A 13X 16 4% % 31| 5
Ak, HIHER LB B, R R 77 B (AFM) I
SERMIEIN, KIUKHRE B 35 75 IRAE RN T TR E IS
Sy, IR R RAF M Ao, R I S e T A
BR(TEM)HF T LB 1 RES NS, RIAES -
WM AR R, LB R T RS S A 2
UK TEREAE, — PR S B o iR A S 84 M ik vk
(1) B IR

4 SKIGERSY
4.1 XF5RH

Sz % i1 POM-OL-POSS 244643 1 B 3R AT TR
A D) & IR R T Xk F, 4 F IR A
ChemDraw 15 2; 24057 B FH A G A =5
R e 35 R s A6 200 0 T FRBHME A )5 TooK SR 5
Al 2 I T R 2R = ARS8 B K 2
4 Millipore-Q #4{7K(18.2 MQecm).

LB B2 H14% 9 KSV Minitrough2 (3522 KSV X254
"), BT 718 B (AFM) Sk B Digital Instrumental
Nanscope 1V, FESCHHTEERIE = B Fr, R mosi R gk
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IT3RAE; 3R S35 5t i 7 2 B (HR-TEM) K H FEI
Tecnai G2 F20, HL-FH0ig B 424 200 kV.
4.2 Langmuir 1 Langmuir-Blodgett f&E &

W1 ) PPP-1 1) Z i i VAT PPP-2 1) = Sl e v R,
WY 0.8 mg/mL. FTo/K LBE, H A KAK O B
Langmuir #8 =%, ¥ 40K A R P AH 5 W% 2 TH 2%
JR, K T ] ) A A o VP A R e i 2 ) bl
ek L, #E 30 min [F5EA 0 TREERE, KA
Wilhelmy 5 A iEM &R E, PLS mm/min (138K K45
Wk EENE IR1S R -4 SR, BT UESE 3 — e 1)
FKIMEARZEME N Langmuir 5, SR )5 FHP 5K
B KRG -4 PG 2%

LRF|—ERMEIE T Langmuir A, %5 E
30 min, FEREEIEMR BRI T LB L ARSI R
e ERAIEE B R RSN o BER S 3 LB #1501
&5, FF AFM [3R1E; RADK R 2 -, BT
TEM HJZRAE.
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