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Abstract: The structure of organic small molecules with self-assembly characteristics is generally composed
of three parts: anchor group in one end, the tail group at the other end regulating the performance, and a
middle backbone connecting the two ends. The anchor group is generally composed of molecules such as
silanes, thiols, acids, etc., with the tail group of an electron-withdrawing or an electron-donor group, and the
backbone of akyl or aromatic chains with different lengths. Herein, the structure characteristics and
properties of these self-assembling molecular architectures in recetnt year were reviewed, while their
applications in biomedical science, sensing, and corrosion prevention domains were introduced. By
comparing the advantages and disadvantages of such molecular self-assembly film-forming modified
devices, the structure-activity relationship was summarized, and some assumptions were discussed for the
structure of self-assembled organic small moleculesin future.

Key words:. self-assembly; anchor groups; chain length; tail groups; structure-activity relationship

1946 4, BIGELOW %Ml T4 @ Emisl  MAHL/NY THRESE EILMNE (1TO) %4 )8 A1k
AR, 20 40 80 4E1L, SAGIV FiI eI S AR A A % e S E A e g
NETZERZVR L, mEkids . Bil/NrFRegeet  S20E 2. BA A A oLy 1
(Si). & (Au). R (Ag) IR A A LRI SEA I R — v AR E R AT, 5 — o PR RE Y R
BT PR, X — RS T H A A TR R, SRR, PR R A R, A
HEA 2L 2 DI, AT HAL IR R IF s oh e A BN B R E 1 RS,

A, RMEZMEPEILS T, WBER . FRIR S 4 T Ak B A A 3 G IR YA 5 B T T ) T )

s HE: 2023-11-14;, EABHE: 2024-01-22; DOI: 10.13550/j.jxhg.20230973

HEWB: ERARPARS X ARSI H (22168015 ); |14 H AR EIE 410 I H ( 2020GXNSFAA 297046 )

{EE® M. THE (1976—), &, W+, #4%, E-mail: 2010033@glut.educn, BEEN: fLFH K (1975—), B, 1+, #¥Z, E-mail:
xiangfel .kong@glut.edu.cn,



55 11 3] FHEE,

S BAT A LR R A IL N T AR i

* 2335

G R N 1R o | 1 S 2 1
TR, A B ) g AR T A
JEE R I A A A4 o1 TR L 0, il 5 AT LA
S/ N RS W TR EE S S 2
Or TR BB AT o>y 2 BB A 1 BB
BFERIES 2 B B s Al t® . W B B 3 B 2 RV B
R L SE N R R, (EAT REAE AR S I ) N 528 T
XFFEAB B, BI040 T HES A P R 4 H 2
— BN R AR R o 5 — R T IR AR EE,
I 2HL 4 BB B S B ], (R R (1)
AYVIN T A AR RAT R P, S R e 2
V5 B iR I A ELAR TR E Y5 (2) i TR
JE Ry B — gy B, ARG JRERE SE A P4 (3) il
TAHIVN T RIMEEM R Z R | al AR PEA ) 41%
B FIEBA AN FEIRDIRErE, WDt PIRSETERE.
W, AP NIRRT | LRt
By AR AR BT T Z B o A R A T AR
KREMIFHIERA,, WEAPVNT TR &
R R T 52 BRI OGTE

i e
<« Tk
R i L < HEEH

R
I

I REHS A F B AR BT
R

B AN T e R R i e
Fig. 1 Schematic diagram of self-assembly film formation

process”

ARSORZRIR T AR R BA A AR IER A Bl Ny
TERRE R PEBRLL R N, AR ARl o i A A A
[T 9 o = SRk ke 2R | SREbeE . miREE . Rl
Hof 2. i LA R AP A R
B, BESHMBOCR s BB AR AR M K
FHABEFEL TR S5O HL A PEPERE RO IA 5 JF XS B 4T
YN T RSB —E B AE

1 ERBAERBENEINF

— R UE, B A AR A LN TARYE
B B R R W] 4y = SRR RS . AR . W
B RIS (PR . R AR ) A,
11 =SEREFI/NSF

DL = ERE LA R sl e A A HL/IN T,
HA BRI NTEE, BEASS 2RI & A b2 e
N, SEEREAI3EA FEHES . A AT N T
BT . JEH AR AUR

HOU ZDV7 38 T HLAT A ) e i i K 1) = Gl ik

Wit (K 29, n=1. 3. 5 M 7) 7 HFHITE
ITO JiE I o %I =GRk b /1l 5 0 i T 28 17
Tt FEAE B I DL T B B S I B P A7 i M
PADMA ZU8UR 38 T HAT A [l e 5L 1 (0 — Gl i e
T (E 2, n=7, 11 1 17) BB A 434 7 HE
FIIE EALRE (SI0y) FEE B AN MR,
W= (K2, n=7. 9, 11f117) fE
e A mER (Ti) REAFHESIFE B o+
SRIEH B (PO TIBUE G R , B Ti-
FRERE-Pt B 454, LS R T2 N T e
G, IR R, BEE LR RN, ROt
HL PR RE A B kst LI 22540 R a4 Ay i B
TEE
(Ill
Cl— Sli —(CH,),—CH;,

Cl
n=1,3,5,7,9,11,17,21

2 R K 1 = kb s T4 T2
Fig. 2 Molecular structure of trichlorosilane with different
chain lengthg!*"2!

SEO 45207318 T g AL Y = SRk ke o 7 (A
2 W, =7, 17) REMETEMNERBEELY (1GZO) %
L AHBEAFHS . 5T A, B A bt B
(n=17) ATLLE S Fre s R A, A5k
RERR TR, PARK ZPUE T ks K
MHZER R = AR+ (2, n=9, 21) ¥JHE
£ SIO, BLJE b A AL )P HED, IR A HLARK
N iR (OFET ), HH L FRERE RS T (n=9),
Kbedst (n=21) BB TN OFET B35k i 7%
R, OIE OFET 45 AL M P RE

ZE L RAL, B R [R e 3 FE B 45 0 1) — SRk b
B PN T RENEAE Z PP LK R A P HEFE B
SRR, HBERRER XA e T . e bEYy
FEE MR . T RIEANE, A FrEHEs R
A P AR —E 225 . R IEN, ikt
JE (ITO 45 ) ORI K-FH, 4> F7EHES I
Bo A P W E5 K8 5 1T 4 Ja 6K 28 T A7 76— a8 B
A 0TI EEZ B, AT FRAIG T 2y
TR AR E 1
12 SEEREFINSF

AREBEA PN Tl 5 L= H E S ak ik —
CRIERERE I B e LA, FE 1TO L8 A 4%
BRI, R Z oo b A R T4 F AR
RERIZRENE, TSR 4 o F T 2 F . K BHAE
L, 7 25 450 12420

SINGH 25T 5H 1 4l FE Ml = 2 S8 e
AHUNYT (B 3 Ay, HEEBE ITORE LA



* 2336 ¢

A% @m & T FINE CHEMICALS

5 41 %

A FEHER A T 1% 500 TS SnO, 4k
mmfk (NCs) i MM EAER, TERL SnO, 442k
mARTEYER, 1R E A2 (ETLs) A TH54k
I KFABER M (PSCs). HZA WL/ THA FHE
G| —ERE R L FRAG T 85 4K07 25 ETLs Z [ B FE ,
W TR TrEs, f PSCs By L 5% i il R
(PCE) ##7t.

BATDELGER 73 1 4 i 21l = W1 A ik
BERA LN T (B 3 Ay Ag) [RIFERERSTE 1ITO
BIE LA P HES B s I, Tl ot
o 245 F 1 R 0 5L A Sk W H 7 3 AT = R
(—CF3) i, mHMER 1ITO RlEA KD
PR 5 R N i T IR &3 (—NHy) #
o, DA—CFq 5 A 30 5k A kM i 25 1 5 58 3 A
LU KR R T . B, A BB T R R
FW, BR A SCE AR R RE, AT ARDE g
PERTT K SR AL RS SR RS0 48 5, eSO B8 1
SR — 2 KR

ZE BRI, R IR A At E T 3 P 0 SR R e 2
ALY F A R T 42 5 i 2 R B R F R
P BARXTTF AR ML/ N T AT 58 e 8 0/
F =LA INGF, B H 7450 5 PR
6] 3¢ R BT TS TEAR IR A, R AIZIo T 1
R B S TR o

OR
RO —Sli —(CHy), —R,
OR
A;: n=3,R=C,H,, R=NH,;
A,: n=2,R=CH,, R=CF;;
As: n=2,R=CH,;, R=NH,

K3 A Al Az T4ge2n
Fig. 3 Molecular structures of Ay, A,and A5%27)

13 REREIINGTF

TR IA BN F AR BEVE M ali e JE A, BES
L& ERIAFFHES, A A2 500 T
Bifi 5 X LR R, BREE A HIL/ N o3 - X BE R
BRI 5 43 SR 2 20 B ) BRI 42 ), TERRIAR
B ]S SRR T 2 Y. RAMOS 452804
TR EZRA I F7E Au, PUAT Cu 2K R H
fhegfase b, Hod iR AR e Mg Au < Pt < Cu iy
s, A E MRS Cu < Pt < Au AUia%,

PE SRR HL/IN T8 A 3 RE v 32 A 3
R K, AR, DEVILLERS
SN | IR ] e Sy AT o 4
WERI, BT (K 4) fEtER (K ZEE)
th . WEEEA 0.01~0.10 mol/L B, BEfETE Co M A
ZH TV B 50 B P 3 1 I PR RS X HE T R P
TR 5 AR R0 X B T BB B S . AR

VAR VR T B A M B, TE A B8 R
FaE WA, DATTRE AT OISR 5 D Sk MR A Sy — Ao
SRR, RERSAT SO o BOMAS E fe fr, (H 2T
Co RMEE WAL EY, #0501 BRHEI A e
P, R BRI 50 e K OB RE S AT R4 v S 00 1
R SE R 8, T IR 96 N ) #9405 8 8 5
() 8043 B A I A R IR, CAL S PRGE T B,y
o (B 4) 7EIRE S 60~80 °CHY, REASTE Ge 4t
JIEF M A 42T A B B T BESE R, TR
BAGEE T, B0 TIRAIE B h 2218, HTE Ge
LR B RS Z2 00— R TR o B IR R T
o RAEEAR, AFREZEN M, 75 60~80 °C,
Ge JLJR B o> 1 o8 &4 o HA PR EERGS , Wi —4
THf 2 BRI SOV KA, R RURRCR .
HS—(CH,),R
B,: n=11, R=CHj; B,: =3, R=CHj;
Bs;: n=5,R=CH;; B,: n=2, R=NH,;

Bs: n=11, R=NH,; Bs: n=7, R=CHj3;
B;: n=15, R=CHj;; Bg: =17, R=CH,

4 By~Bgsr F4iHI
Fig. 4 Molecular structures of B,;~Bg?>*

A XN AR, %S 0 U A
R B AR R A 1, LR e B B R 0 B 1
JE 50 . FLORIDIA ADDATO 2B 38 T B A A
[ Be A B2 A AL EE N+ (8l 4 h By, By I
Bs), HAEWETE Pt 3L LA FHESIT A 41268 s h
SRR, o, BRSNS T (By) fE%
T A R I By IS, HLR T w5 R0 T
FIBR 5> T ( Bo. Bs)o 7EULHFSE 3R I, BEDFORD
250320 BUR MIUZE M B EE > T (181 4 5 By, Bs)
TE Au K A AR A FHED BRI IE
ST KRBT (Bs) tEEEST (By) HATEEM
FRUEMERME S, RIEWROCHR, /7 5 AT pe
e CHEER BRI PERCR, RS> E RIS ER T
Ko R —FMRIPHEIRE, AFFHTHET

HEZ s (EX T REERME T s, EA TR RS
T HEAT AR A 4L A, BE TR AR gy T

THIAGARAJAN 25383 BB 5% M R 4 7 (&
4 1 By, Befll By), KBZISTFRETE BN 48
Fe L) I F 254 e HESI BB 2 F 1, JFE—2iF
ST, BER RS A R T B N R E Y B R
AT 5T 205 SR M55 — #f BEIE S T JH BRAN 4 @ A0 s &) 5t
EA L (B S RN
FRANLINRE S T AR R L 1k
VRS2 BT BRBY ) BRT R L, FEHA A4
REM 7 B RAMURE N T ARIE 7, GEA
B TR P AR, IR AL L
BB/ TR T K . KANG &PV, & U



511

TR, 45 BA A AUREHE R A BN TR RIS

- 2337 ¢

BN 1 (5 CoM Cy) RERSAE Au LI [ A4
FAHRSIE B> T8, IO T ST R X T
A FPERE . G5 R, Bl 5T o B,
Z R REREE/ N5 (C) 18 Au FEIE AP
YL T A SRR B /N 5 (Co), FFRBLINHR Y
IFRE N, (%2873 1 RERS T 4r MoV T T e LA 1

R

F F C,;: R=H;
C,: R=F
F F

SH
5 Cy Ml Cyp T45

Fig. 5 Molecular structures of C;and C,*"

LIU 2508008 1 55 7 PR 0% W 0 0 B4 B 2/ 4
+ (&l 6), HFEMREETE Au FLK E A 22 HES
oyl AR DT AN, BRI T AR
e EHES A R G . JiAh, mAEEE T R
P MR B I o A AR RE S . 2 R AR
1A W H - 55 A1 —CF3 _SFS[SQ]H#, /N H
HAHES B A T PESE R . A i S A
MBI TIEB A, IWMTER Faeff . LRS54t
BORAT B TS

n=1,2,3;
R=H, F, CH;, CF;, SFs

K6 AR ZAT HLBR B o 125 g 13839

Fig. 6 Molecular structures of different organothiol 55839

Zr BRTE, DGR BEAE R il FEHET ek sy
B E R E 8 R AE FL R K w4128 o T
JE . MBEIEVE N FHERT, BEAE R R 0 AT —
FRRE LS orF H AL HEI A P, B b
FLBERENS A AR A T SR R A Y S 5
B PR ER PN, BT EEE A
RERS A SR = 0 THEF A P, s as i Ae e i
14 BREFH/ISF

BA AR ENRRIEAI N, — LI
R . BRI SRR AR Rl e SE AT, JE Ot TR HE AR
M RIHEER], I B ARG P HE A R B IR
HUO R, S5 R, R T R A R S5
AERS AT AR 55 K FH B Ha v iy PCEL4,
141 FEBREAIANST

ACHARYA 21815 58 1 S [l ik 1 il 98 o o I 1
T (79 n=3. 4, 7, 9F1 11), HAEELE AlLO;
K AT A4 RHES R, IR TS
PLHE SR (OTFT ). Mbidbst A S K
(n=7) B, S F0HS T NA Ir H AR Re At o

JOE AT R, BEA BESEEE R AU, 7T AddR
HEZBOA PRI, (H S e R A Iy, B S 1
i P9 FHL ol G R P 2 T ) MR AR RE SO, AT T
—E R B AT e
OH
0=P-CH~(CF,), ~CF;

OH
n=3,4,7,9,11

7 ASRIRE K R 4315 # 1)
Fig. 7 Molecular structures of phosphonic acids with
different chain lengths!*®!

AR, Bl X R B AR ARG, T It
KA T IS bk #l £ . SINGH 251458
T —FR G R B AR L s R 437 €] 8 7 Dy~Ds ),
HEBHEAE ITO SR LA P HES I B A %E i 5+
JEE P T PE R 8 PSCs, Mok g4 iy ELAR S 500
%1,

R D,: R=OCHj;
D,: R=CHj;
D;: R=H;
HOo-p-on D+ RFCN
iy Ds: R=NO,

F‘ii] 8 D1~D5ﬁ}%é§$’q[4“]

Fig. 8 Molecular structures of D;~Dg*¥

R BIFRSEESE

Table1l Parameter data of devices

i VodV  Jol(MAlem?)  FFI% PCE/%
Do 1.03 13.46 65 9.02
D, 0.68 16.84 51 5.92
D, 0.79 16.67 57 757
Ds 0.94 16.18 57 8.81
D, 1.06 16.08 68 11.65
Ds 1.07 18.84 70 13.94
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Table2 Parameter data for each device

L VoV Jo/(mAlem?)  FFI% PCE/%

n=0 0.596 8.342 5212  3.239+0.222
n=7 0.589 8.237 5059  3.068+0.085
n=9 0.594 9.070 50.22  3.382+0.063
n=11 0.591 8.858 52.48  3.434+0.089
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Table 3 Parameter data of devices
A Vod V Jod (MA/cm?) FF/% PCE/%
J,  0.587+0.006 7.693+0.424 38.57+0.026 2.178+0.087
Ji  0.543+0.017 7.471x0.583 43.22+0.019 2.191+0.163
J,  0.563:0.020 8.145+0.585 40.26+0.028 2.306+0.097
J;  0.564:0.020 8.260+0.498 44.04+0.014 2.568+0.157
J,  0.583:+0.019 9.836+0.232 44.27+0.027 3.173%0.105
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