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Abstract

Self-assembly chemistry is recognized to be the research hotspot of global scientific community.
Macroscopic self-assembly of nano-units not only can create novel and multifunctional materials,
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but also has important significance for understanding of the phenomena of life. Inorganic nano-
wires generally exhibit easy synthesis and processing, large aspect ratio, excellent thermal and
chemical stability, and adjustable multifunction features, which is the fundamental material for
various fields, including environmental remediation, energy storage and transformation, nanoe-
lectronics, life and health. Using macroscopic self-assembly technology, inorganic nanowires can
be processed into macroscopic nanofilms, macroscopic nanofoams and other novel structured
functional materials, which not only can significantly improve the performance of traditional nano
powders and promote their practical application process, but also derive many novel structural
features and new functions to expand their application fields. This article has reviewed the ma-
croscopic self-assembly methods, structure and performance of inorganic non-carbonnanowires
in two-dimensional and three-dimensional spaces, and summarized the main challenges and de-
velopment prospects in the macroscopic self-assembly field.
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1. 51§

HAHFGR TR R ITTEANZ NINERTS, BRESE. 4P RA P eI, T ZaETH
WA Tl A= M B AR T [1] [2]. Billn, A& T, s TS E T B R R E TR R E B R ik,
WA s B AR R R2]. B4R RUE RG], ATRABRK. 40K, Bk, &
FEWSHEREAT . WHALE RO R T B2 0 BB TE, W] AR B e R s RS RE, - SEE
HORUE AR AR AT 4% B [3] o 2270 B AR 5 WL SR SR AR AN R AR oK e A R, T LA A e B
B SEHE F T B RO EEAR T AN B IR IE AN T RE o B, BROAOK T YL 1M 1l 0 2 R K AN X
AR T BRGUR LT HE SRE AT i RO BT RE T, TR AT A= HE 2 00 = 48 T3 L3 45 A R A 1 L D€ 73 & 2
RE, PR BKAR T UK BRI GERL 1 [4]. R, AR G5 I 2200 1E ARt 78 RO 47K [ Bkt
B RIERAR AR Z

2. MREMEN BHREKFIE

AR ITCHZ A AR RE, T LRI — A B i R K 2 AL kL. ZESEELK BT 2
AEIRE, LA AR LU REANER : 1) PR TTIa A ARSI /7. SiM ST e A7 A s A ] T R RS R E
T AR NIRTIR, AR oTRfER sR, 20 B4R R 5 Rk . & WK ool ) £ 2
1 m-n HERR. VEAESR) . ERESE, Hh SRR RN, R E ARG R R A M EAIKE ). Bk
DBy NEVIW RIS HER-T0IPIE 2 S5 SEe 737 Eb Sz S e B SOk R b SAR NI b SNV EE: YR I EER A4
A SR ) YR AN = 4EIR[S] [6] [7]. X EZHRE TR KL TACE BRI, i fiy # 10 R
AP FERI AT AE QKB R I 5 N IR 3E . BRI S S S B REN, AT 3G 3w IO s M 4%, SE Bl
JRAK I 7 R A A% . 2) PORHICEA KK . RO S0 A AR PR A A 7 4K oA B
MARJGE, KKARLLPUREE M RENE ™ A S 2 (g S0 5, 7T DUR /D 9K BTl i 3, Ami§eTHA
AR ML RENE, PRI AR LR, BRSO B AR AT eV R . 3) SRR DUk AR E
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YL W B AR AR A R R A, 9K BT IR FE AR E 4 HIOR SR A2 8 30 50 ZOWL AL A 1 0%
o 0T SRR VAR YL, GRS IGE IR B AR S S BOE R R, I R BT R, TR =
e WK . B T IR A S8V, A SBIE IR ZELE L mg/mL LA E[5]. AJRER SRR, gk
L/ = EER-Sun S I NG S S U CE | 0w I P PRy IN T OVES DRV IS EER S o5 S uw S AN - 357 2 £
e 7T AMERLA, SERAEKESTFHFHIINERE, RUZEBMNEOREIZRK, 9K SR TE it
FERGUKRE A P RAEE R, RUEEBMNGPR B EK . ST R s B, A K
TR AR [RI RIS B TR SR e A eI AR, DR v A B A e G oK B0 e T 06 A VA B S 300 2 WL 1 2285 ) %
o SRR AL, TOHLIRRRTT ARG 1 10 20 22 LR e, X 32 B2 RN AR T 40K 451
ARG = Sl EAER, I B DER R sk B AR T 7, 2 RICATEHNIGTsE . Fik, DA
()7 W A 2 25 IR B R AR YUK R A R 1%, GFERRGKE I ARG KR AR
S VLA DA SRR SR R B 2 WA RE6] [7] [8] [91 [10], Tt F I HLARBR BT 4K 45 44 1) 72 W 1 2H 85 0T 78 3k O v
s>, HARZZ Izumi Ichinose U ELRIR X & B E AN AUK LB HEAT T AT S5 [11], TP ERHE K
E G P B R AR LR L [ 2H 2% G MBI EAT T R LRIR[12], BRI 2 AR P K& TEHLARRR 5
YR GERIE =L F RN U B AT o AEARSCH, FRATV AT LARRR 5T 9K 26 1) 2 W0 H A &0 55
RS TONLARR TR — 4 7 WA K R = 2 7 AN KA 1 Bt o

3. THIERBRAREEMBERTE

THUARBR I AR ARSI L, L B AL RERETE I E SCHE R AR AR I 9K 26 3 ER I IR IR EL
EPIKL. ERANDIIKE, SRBAMPRL., PARIEKL . PRIREEAORLSEF[11] [12]. Hrp
TREMBRRA TR, RO, SARRENE. RO R R, R RTERD AR, Tz R
FAREAL S R MK R AR [13]; BRER &L F A AR R GRS AL, I HLJZ T8N AT 32 e b
BT, R TAcH ME T R A R S T LA Y A S T AT S [14]. SRRIRALEARARLE, Bk
TR NI RN E R, UL A ERGUR AT YE AR PR LT e u ), — 5 P R A =4 i (1 fLiE
giky, T EEEA T S IR AR SEBUK A S G AN B (ERIRAUK L YRR RS A
TAEWNE TG 3, AXDOGESEIL 15 FMMOKA BB A B8, I HE 5 75 S I BR 9K 2T e AR
JT R E AR, EERGOR I E L A, BRI R G T AH . ARG AT HE R 4k K
T ZEABRE R RO HEAE I, GRS, BIW S & TS AW N o35 J0 1 A R AT K &
NPT ST SRR AL, B e e, R T ULER A . i, ARBRBUENLIANR L)
T E AR SR B2 R0E . H AT CARGE 102200 B 41307k s R gk, Sk, Bl
NIAEFNES GORBRE BRI RS 5.

3.1 BHEMIEE

IRl 3 VA L B R )2 I AR T I B 3 Ui, R AR B AR K B 7T 4 U VA U
ARAFAEIE W RTSRARTE VL, L2 FLUE A I DA B, 1 D8 T XA R TTTHE 9K B 02 2 B2 AN K i [15]
Zhang Xiwang 18-t 1B & Je R R K A e A 8 SRR 2R, 88 5 Il Je VR4 — AR )
KEIN LSRR LK FERR[16] [17], e A AR REdE — D198 7 KRB URGRE , IX A RE 2
OIS RESR /N 7 9K ST ] (R, 32T 1 AR ERIRIROAE T 0o I — AL BRI OK £T 2 AH .5 21
AER MK, FEBIL I vei E 22 S S5 AR AR AN = 248 T30 (R FLAE S5 MR, TR A FLRR L 700%, 2w 17
PP B 0 T 0B o AN BA G IHUERAE, AR T4 1). PERERT Fi R M A A I
FPUETERE, JFH AT DOGHEAL R AR BOR . R %= > T, AR T K UR. Xu Chao i+
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T T P I A SR AR IR R g oK 2 52 S S M RT IRV, R T A SRR KRR B AR R A, 5
SRR B GOR R IR LG, A A R E R0 B PERE, v DLkl N 74y B5[18] . Hh ERE B
Tan Xiaoli % N SEERFREAZN KL AN PEL VR AW, HEARFRENAN K L 4135 il 1 SCPE s, ) FH KRRk 2 1] ik
NIV TR AZ e, SEBURCS 90Sr?* A and 137Cs* B 7 £ (4 2) [19]. ki g ikik e faien, xtan
KT AN RS A R, RIERAR LEAR /NP oK &5 4t mT DU i v A 3 pafise, L Firf A i
YRR LR35 A I b 7 VR 2 2 AR [12]

@) dispersion of nano- .
fibrous composite I Il I I I I " I I " I
¢/ PC membrane ~:° 1) filtration

Figure 1. Schematic diagram of filtration method (Left); Digital photos and SEM images of TiO, films (Right) [15] [16]
1 SRR B EM SRR IL R 70 SEM B [15] [16]

a) Hydrophilic Radionuclides removal

Polyethylenimine

Self-assembly

Figure 2. Synthesis diagram and structure of sodium titanate nanowire membrane [19]
B 2. KB IE S AR BB SR R 19]

3.2. AEARE

S RGERARE SR AR T T W S AL, IRBNAK AT B 2022 [20], MMl #%4&
FRZE K EERE o Langmuir—Blodgett $iA R S 25VE A MARTK, Myds R 202 I A FE 12 08l 1 K
RAWFFT, Jej5it Ag. Siv MosSes. ZnSe. WO, Ge KR4 % i K THI AR, FF% Langmuir-Blodgett
YUK ARBAT T R G s8R [21] HRNK A 15 22 Be I BAFI /K - 1 - 25 =M A SE B 1 4Rk 261
AIEA P A AS, EESRKEBIEORE, SRS ERGORE IR - WA K - H R AR,

DOI: 10.12677/amc.2021.91003 27 MORMEZE R


https://doi.org/10.12677/amc.2021.91003

JE AN

FFAEK - BASH EEREAE, TR RAOREC AT HEZ F R AR, BF TR B = S A X AN b
OEPEAE (18] 3) [22]. SRl igisatte, i B A R T R gR A 4 & lad B A A A e & —
N SIS B R R GE A IR 5 RUSERA SR o I M K 2 B S~ s A A — S A R
PoKE R R T, SINEUETI R, AR KPR, SEERRR VY IE T BR VA WA H R v
BUMH, SRR A 9K, BRIRIY I T e A T Ak 5 SR B A A KRN, TR I 22 K R
BRANANAKETYE , ZHR LT AEAE MBI T A 1 R S e A B 22 ST, 2 R RS R 2 W BRBR AR KB
FRIETE T RN A LTS G e A B e RE (K 4) [23] A SR VR S T PR, ok — 2B S 14K
FRANAN R LT Y 1) 5 M 2 0 B 4

Aqueous Solution
Containing Ultralong
Silver Nanowires

Figure 3. Schematic diagram of self-assembly of Ag nanowire at oil-water-air interface synthesis diagram and microstruc-
ture of Ag nanowire membrane [22]
3. RYRLKTEM - K - ESFEBARTEEN Ag PKRIRMMERRF([22]

B

Figure 4. Schematic diagram of liquid-liquid interface self-assembly method (Left); SEM and TEM image of the macros-
copic nanofilm (Right) [23]
4. RRFREEBERREERMENPREN RN E (23]
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3.3. EHAESIZE

BRI E B 051 7, R ETHEILR, [z AT H W R A E RS
H[24]. Blbnka YR RS B4 E RIS R ISOK 7y, IR s s B e o . E9K .02 0 B 4%
AR, BB RAEE M A5 E T, TSI B TC R € [ AR T4 3% o X AR T e T AR
AR ARSI N R % S IT R B4R ], SR AL B MBI W I o0 B 540 [25] . dr 5B &
P BAAE AR AR 26 s 7K 51N B P B3R 2 18], R S5 1A ) B R4 R T ST 1 ARGAOK 2 vl 155 1 1 4L Pl e
[26]. KM KAFTEIN TRERE, SRR A VA P ok, RS mEmaEsER T, &
PRERDARLFUENE A, BUN W EZRIANA R 2K S, JF B2 RIS d8 51 1E T, 9REAE A KA R
JRRL R AT A AL, TR T M SO ORI B [ P SO AR (1] B) [27] BReT 4 th B2 445
LA K, BREFAEZ AR BB RO LIS, NBMBLR ™ SR UG R AR LAl BeAh, BReT4EAnfe
R E PEAN ARG SE ML, AIAESRIR . SmARCGET 2P N o 2T BL R A SCIE AR RR 2T AT 1k
MALIE T, SR AR ER AR T4, T B 40 1 IR 9K 2T AEAEBR T e AT N AR R T S A i i) T2 K
RRGFOREF YRR, PR SN S AR R, AT BOR AP, X PR 1L BV, IR
SPAE BT T oK [28]. BEAL, FIZE WL B AR RS, B S T AR = A L LA S5 R Hh R A AN
KL AT e B BE AR A BRI BN K £ 5 o FE A VIR B ALIE Y, JERIRER FLIE RS A L RCK Bk 21
JUHAR REE, T SEIL 100 nm 0K 2807 1#5[29] o BA BB TARMGREBA /IS T, KBl 799K

SERII B A, HOMURE 2 AR T 5 T AT BASIE IR 2k (0 vt 3 PE SR BRI A G, EK 2R B 2%
2 P N 2P 1 2 ()90 R B = 4R SRS [R], T DAIRAS T L = R G N AL A 53— Dy HE B4
2T, PURELEIAT PRI E, SCOUE M B 4L AR R UK T RS HERE ], X A% G R it
JEVE T ICIE IR

Selective Guided growth
Nucleatlon and ahgnment

MWWWWWWWMMWW

Figure 5. Schematic diagram of capillary force induced self-assembly method and microstructure diagram of the macros-
copic nano-film [27]

5. BMAESIFREERERPAKRHRELE[27]

3.4. PKBREENE
THLIERR K Foc R L wEE = B EH], SR ch/ER 7159, X ZRE THL ARG K 28 K TE
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WE S FZR . AFTE R, BRPUORM BN B I6 A IR b B R 9K R s & ks, R
EEAERA, WEEBIREAEM L, WRIEE R EE 9K 7 B TEHLARRR 5T 48 K 26 4H 235 14k R
s YRR AT B ST B HLGK B R W 2028 . 3T DL AR S5 B I AR A A SR 5N
BRI K B B R b, ROBESS R 5 5 W 36 T R — Tk e B R R AN A K 2R T, T 0 ) R S 3
HAN T BRTE R B i, XU AR SIE I 5 NS TAIRINGIR R I 22 0 B 438478, HEEAR
Ji R A A AT SR I S KR A 4G SR K R TR e, SV FH AR A 2 PR S 42 il oK IS, T ot 72
5 rp [ 4 G LA A S BEARALL[30] 0 i — 2P TR B, A A SR I 5 N TR TS T ERIR BN K 4 I HES 5 =X
VIS S5 v B K I 2 R e R MR, X T B S A K AL TE R A, I AR VK T PR
Zk, KA AYGE ST AR (E 6), AN TGRS ER R g A R R,
R AT BIH B ERIR B 9K 5 W AL 2 O IRIE [18]. BEAh, FRIEALARYKET th o] DL SRR Eh 9 K 28 &
e E MR, IFH 2B BGUKE S E 4G g f) (52, T R 5 4N K B JE B e KT A SR AR R
FRAMNE[31]. B RIARIN S & & A B R BBt B B A BORM A S IR AL, FTLLE#ES 48 Cu.
Ag. Zn. Fe. Al FERAFMNEFE RN, HEEEFS5HRMNE, FT35RE RS UKRmE32]: 4 H
SIRIPUKRL S HRBIE, WA R A B EANKL T . fEEl A R R R EA A
BIGERGE . R A YOREE, PR R e A A SRR FIH R T, 1D2D &%
TR EHE S R MR [33] . b ANa S A A 3R T I AR FEREAE, GBI FR R SRR, mT LA E)
IE P TEHLOR 26 R A 2 W A 3 o 2T DL b R 3, Wiy oK 2% 820 A a2 A P it 20 26 1F ’ P Cu(OH),
YR LN B B A S0, F A T B R GOK B ) S o B, PR B B AR Sk 87%,
5nm Au FIURLEL FE 2403 514 100%, JEE &2 A s M B 10 £ DA b, A (R 48 RE REe ve A I 1) 100 % BL
(E 7) [34].

(a) * L‘ (b)
y

H 48 M
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Figure 6. Schematic diagram of GO-assisted self-assembly method, microstructure diagram and applications of the macros-
copic nano-film [30]
6. AEBANIHIEREE L WMNKIRA R A E R E R A[30]
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Figure 7. Schematic diagram of GO-assisted self-assembly method, microstructureof the Cu(OH),/GO film [34]
7. AREENEENAREER Cu(OH),/GO FK AR AR M LA E [34]

35. TIEMIFSECE=EBLEER)

VR, SRR BN A SNVERI UK B A N AR B 4, TR R = G A
BAR(Z LR . RBICEE) . 5T A0K B 02 M 1 25 R AN S R AR K R I s B AR AL, b v 0 S A
YUK =4 B AR P ERSE A . R gk e A B G S YE, oD@ A B
YER, BIVITE R =4k BB M 45y, SociafER piag, KoK, B fils SR/, —4E%
MEARE R A FEE S . BT ERZRLSN, YUK TR R TR BFE R CEE, REEREE
B HEERNMERL, 5T RAE =R A AR, Bk H ATiE & 2 00 =48 5 WA R AR B T
WK TG, BAEERAUK L 4E SRR IRIDKEIGAS . A S A A SRR . SRR E kit
4R5F[9] [10] [35] [36]. ZETCALAERR T 44K L 7E =4k 75 B ) B 2124 iE 7>, Kong Jing #0% A BAE SR A
KIGFWRE KT, WA T ARGORER IR AE 20 F ARG AR E, fEREE MR, 8%
W EHBS TR T Ags MnOy S BRGUKE . A1 S M SEER (161 8) [37]. %A 3 Al & v] LASR s ah
KERIREE, —FR ek RPRFEERGIKR L, 5 —FoR B R AT R 5. R 28—
FTiE, FEANEAPRE KIS ES, KGR PYRENE T MBS, ST Ko MngOse 49K Z1E
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TR [B8IFIERIR AP K IR 391 R AL B, IR RAE AR IR, SR A7 4 958 SOB CRA FUW AR Al
SEAURGR I = 4EAR R R . —NEFEN 1 om MIBE KBS A 50 /129K, TR KR 5 i1
R AN RHERRS i, T UALSEBUK A BB Jm B A HLARIAN GRS G i) s R £ BR (& 9).

: 4
—. _— E
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Figure 8. Schematic diagram of nanounits self-assembly in three-dimensional space and digital photos of the 3D assembly
[37]

[ 8. gk A=Y EAR AR REEMARFHBRA37]
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Figure 9. Digital photo, microstructure and separation performance of K, ,MngO,¢ (Left) and titanate (Right) nanowire foam
[38] [39]

9. Ky MngOs (Z2 [E]) FIERER (5 B 4K RUA RV BRD IR . 5495 9 BRI RE(38] [39]
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KL SR A K [ 4L D5 1R A REE 1T T 3D-)-MnOOH [40]. 3D-Mn(OH), [41]. SkEREHAN K LR [42] =4 %
LR E R(E 10). SHABMEGPIREALL, SRAKLEAEZER. GUikE. RN, P~ x5
SRS, ERK B, &EPUREN =4k 'A% —Hk AN E APk . 2016 4 Kong Jing [
BATE R 4K e = 4 7 B 20256 75 1A BP9, R FH 7K & R 4 8 IR0 J S By, Kt e o e ol 4 4 oK
2k, b BRI PR RS ITE BUAE SR 2R AR R R VRIRES AT TE AR I rp R AR SR A, = 4 A 3
AR T LS R A K 2 WAL 11) [43], BAR THRG0 K2 i = 4 20 35 % e e PR,

L o a e
Zing [+ % Vacuu P ~— Hydrother - i 7 £
is Nanorods Dropping MnCl, into solution A Hydrothermal product Ultralight 3D-Mn(OH),
in ai
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- e
-
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Figure 10. Synthesis and microstructure of 3D-y-MnOOH, 3D-Mn(OH), and titanate nanowire foam [40] [41] [42]
10. 3D-y-MnOOH. 3D-Mn(OH),. EABRSNANKEREUR R & B S 454[40] [41] [42]

Cu ire Vaerosponge production process
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|

Figure 11. Synthesis and microstructure of Cu and Ag nanowire foam [43] [44]

11. Cu HKRZe TN Ag ZRKESEIRRI A RS 45 H0[43] [44]

MG L TCIEII 2 70 B R BESRAS TR AR PTIE s A oK 2 s el Yang Jie /MR
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TRGUKR LSBT RI(E 1) [44], iZEAZER RGN T RIEEHER PVP, —J5TH A T4k 44K
515, ERRSHEJUE MR K — 4450 51— R PORETEE R PR L NIRAKEAE =
YRR B Bl . BhAh, AR TS RE . S0 B R N SR TR R, MRk 2
BEIG SR FERT, KRR TE E AR AR R = G A, B E B O AR T, GOK BT O
JRCH DX I 5 4, TR B I I SRR3R S, TR = 4R AR R S50, O R B0 i
WO; HI3K[45] A SBIHIEEIIIRIE]; BhAt, EAETIRSRES, FBHEAZIER, 9Kk as
£, MR =4 7 AR EE R, %35 R M = S R Al 90, R ATk A 4 R S Az 1)
W EOR, SCHR A ) FE VR TR i B o BRI [9] MInO LR [46] FRARGE « T oA K 2 2H 42
B = AL R T VR AR BAA . TS B S s B, FERERAEAF S0, IRBE R L4,
HAWEAEN N A[47] [48].

4. BERRE

gk BT — B E PR RRA A O IR R, ASCERE T I AR ICHLARRR 5 99K 2 2 AL T
FURESE, FRER YT AL = HE AR (M AR K8 LTI AL AR R e LR RER . 4T 42
KGR, T R H AT LOE T —4E B O RSP R 5 eI 4L L, 4Rk
SR AR R, A SCHRIRE B> o 9 T SR G AR A 1 R I JL 7 A A = 4 2 0 F 22
GPIRE G R R T Z W2 AT 26 AF: 1) m R G gk, DU 2 I AR R . Dl
KL & R Frh, DB LAMA R BER S ILEDR, IERIRER . B PR . IRAIK LS
2) PR R, KRR, HAERKSREPAGURE. Dl f 4R R R 9K LA i 1E
JUB ORI BRI 2K, I HPUREAER I, H SR TER AR L 5170 . 3) 44
KERIAFAE SR R A, R = AR R AR e M. R CHE AR R, PR RS
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