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EFHRERT 5%,
Kkl wEHmNKE, AR, FiE, AR, R BT

19914F, TjimafE 40 Hi% i i 7 W s I 1 Ut
R — A ZRERRAKAET. 19934F, Tjima P HIIBMZN 7]
ftBethune 4 A\ FH LI FRL TS 3 S 45t T PRLRERRR
WK 45 (single-walled carbon nanotubes, SWCNTs). FH:[F
MR SRR SIS YRR S, AR RTEM BB
BT PORERSERZ GG K T Tz S
K. SWCNTsH] LAFB A2 i B2 A a0 LA — 8 f1 B A
it R R S5 A, TR i 7 X ESWCNTSs )
SER R I = B TR, TR O S R
Al HAEJOESWCNTsHY L B M. BURER UK 1 T
PERT LU —XF FAEFE B (n, m)ARFmt), S35 e — m =
3q (nFlm RAE TR, n = m, g HEEHORT, SWCNTsE B
&JEYE, &R HEER YK (metallic  single-walled
carbon nanotubes, m-SWCNTs)A] L& Z#81410° A cm™
(R EES HCug i 2~3 B e, R %
45 WKLY PR B RE, AN i

SRR, NRBLEARYE, TEAR R 250 T (I 9K
T AR, 2 AR FRRE AR K4S (semiconduct-
ing single-walled carbon nanotubes, s-SWCNTs)#ifi T
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BOEGS) SRR (AR e SR Z R s P AR L
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BT — AR L B R A RT

BREFREESN, SWONTsih A 28 i bEfE. 90
KGR 5 vh s 5 )l SWCONTS Y L 2% I BUEIS {H 755
iK1315~1800 m* g "' FEAUMAAEIRARSIR, KR
FRRT LR o 4 ik H AR, DT R e i - et R A
U T AR A e 0 F R AL, A B e A
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S SWCNTS AT RE AL 57, (HAESE BRI A 32
RRF 2 Ra s MR T 4 il S SWCN TS &5 #4511 56
L HL A TG L 5 Rl A5 A8 i B A SWCNTs 1Y
FE, WAHRON AR T AR SWCNTSTE VA B Ak}
ARESE R IO SR, BUA A&k, dnfker
KAV (chemical vapor deposition, CVD). HLIIHL
RSB FISWCNTsZ h 2R F IR G, /B4
4 B —TFPESWONTSAMUMERE R, FASSE & &M
PG A RS BEEAR, R RFEER
TR R FH B0 Fh 2 . AR R R RR S I SWCN Ts Y
PERE. R AU SWCNTs R 1 BRBAKR,
BARMUIN, BB REAT ] BB RO, FEG KO A
TP AR N A W, R, AR
SWCNTsIIL BTG, /1N B4R ol L3 v i - 1
O, R AERHZhRE L, (B H R & sk xE LIS e
BEHIER, WRBNA O ASE BARAG HEs, 2&
PR EL I AR ) S, b, BB il 45 5 AR 4
JESWCNTsF= AL . SE56 % il 25 B RE ™= Hi o i
7, AR AR SO A . B IR . R &
I, ESWCNTs S 56 2 3] Tl i B AL 1 A7 7E
EoRwS, PfbkSWCNTsHil& T4 e ikl R |
R EHEAR, ZREMRA ., 578, L8
SWCNTs Mk ALY )y [m].

RS B AE P AR Sk SWCNTs 45 kA v I 422 1 45
FeAR T HAE REVR 5 v 740Ul 0 FH P os b, S e
AFAERBAT, #bfsT . ER &S,
Aol JEC 5 B 5 X S W CN Ts 4 45 44y 18 42 4 FH LA B R il 2
TEAE, BRI ARITSWCNTsEE ) S E0 K L
il [RIEE, BRI IEAE Sk SWCNTSE g 5 45l Az F 473,
PR, I A S PRI Z M A B R
SEEMATIFE PR, X SWCNTsHUSAL il £ 3o 5 rp
e B A R L PR R TT A R 2l B 4 ) S R A T I
AFIHE, AR Ty m L b R, DU N 5
SWCNTs S5 2 A 580 ] Tolk Ak ny 4Rt S

1 SWCNTsH)gs sl B

FRERR A KAE ) A AR R LSS 8 42 )
bRTEE, FEE A AR E AR E A RK) S5 AL

KR, —F H=W2s HA R RRE 22 5, 38 B[R
Y5 L2 A M, H, AR RO
ST AR BT AEAF 5T A% R T ), A5
A S SWONTs AT R HES 5 F0 B vERS I, R
HL T A AR (AN 3 500 A AR Y T ) B AL S b ) 3
itk TP 2 A R A ) {00 B A st R R TR = 4R 1,
TERBVR AR S e b R 3. ASORe AL RN T T
ARSI . FF IR SRR B 25 PR 1 8 FH
AU TR A GE R, RS0 A A AN R AR KA Y
SWCNTsZE IR AR.

L1 fEfesst

PEAL T BRERR A KR B S T P A K RO IR &R
R T 2 (O NG G E e 0 /3 I - 1 7
FEMEEBSEIMSWCNTsH =46 . 4 | AR Ty
A3 ARk, BFSE Al A AR T S B T
SWCN Ts 1) T A A AR o s 20271,

PEAR TR A 0 A RN 25 R AR MR I 5 SWCN Ts iy A=
K, RG0S AT PR 2540 SRS e ME LA SE X SWCNTSs
TR, Zhang®E A P8I Y R RS A I B
Oy BOMERS 4 JE KBRS . BH L RO R B AR AR,
BEARJEEIN 1~5 nm, WEIK10°~10"em®. 2R k%
FAJRAC PR S, A K AJSWCNTs T A B vl 35 78
19°+5°([&(1(a)), F-IELERERERE93%. JLat KAk iAo
2V R 4 M R E BIRR AL AR (Mo, C) R AL B4 (W C) [
PRAEAER, BTN B R T B HESI SWCNTS
FEA. 38 S R AR AR A AR 2 ) A ok
Msh F12E s, e SBT E5H TR 2m, m)Zk
AR B AR, AMUSR T BHA &Pkt
PEMERISWCNTsAKFRE51,  [A]At g it T —Fh gt T[]
AP F5 A4 1 AR A0 A A5 38 10 T

FEALFI B R ST 520 25 SWCNTS Y AR 20, W48
PR ZR AT A i — 7 % 55— i ResE o i, BRI ROk
SEEHEAL RS RS B . Forel S AP R Sem5E
T W& BRI EREr . &5%7 . B4T(FeRu., CoRu,
NiRu)7ESWCNTsEREM A K A AR HLE]. TF78 KB,
Rulty 5 | AR Z MG T 90RO s R 7, (A
ORI E 1.2~1.8 nmyl [l N AR ERRE I BLAR AT . X AR
TR E M T I PR TR B -6 Fe g A S0k 14 By 145 4
VEVEH, %7 i3 (density functional theory,
DFT)iT 8 & ARuAINAGE o FRACIRY BlRE &, SCBLT
SWCNTs HAR M A4 4K. Brian%s APYHFSE T Ruxf
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Bl 1 (a) Kataura® 54K HSWCNTs TP £ B 0] #5572 19°+5°P8. (b) liFe K Fe-Rufii Ak 4 KA 7] A2 SWCNTs iy J5 7 2 & 31,
(c) PA@MgORY I B AT 2557 . PA@MgOMIPA(100)HY B A% AL (DOS)HIPA dFfl TS E, LA SediffrprgsP2

Figure 1 (a) The Kataura plot indicates that the chirality angle of synthesized SWCNTs can be precisely controlled within 19° + 5°P%1_ (b) Schematic
diagram of the mechanism for growing SWCNTs with different diameters using pure Fe and Fe-Ru catalysts®'\. (c) The charge density difference for
Pd@MgO, the density of states (DOSs) of total and Pd d electron in Pd@MgO and Pd(100), as well as the d-band center®

Fefi b/ K/NE AR UBERR YUK IRV E . 4550
/N, Fe-RufEfLFIAHEL T4liFe, REW EREHL/NT
1.1 nmYSWCNTsfEFE:. DFTIHHE R, RuflinA
P25 T Fe GRBURLE N ERAE, P T =il T rbess ol
%, IITGERE T /NS BORE 4 R e PR (8 1(b)).
AR ) %) H 235 A 25 i G B i SRR 1 1Y)
WRRE ST, MM SWCNTsHAE K. Qins A BIWFSY
T AR REPEAL (P ) AL R AR A AL BE (M gO) Bk AR K
SWCNTsHILEI S FE0 . W9 &3, AERErEAn L
it 5 A AL BE AR R B AR EAEF, AR A AT L
RE(EIL(c)), DI 5ot i i R A ) T g B AR i 5, 412
PESWCNTsHAE K. S50 R, 728k @ B SWCNTSs,
EA£0.7~1.6 nm, FERUTRFRIFICAN(T, 5). (6, 5))F
2n, n)F1E, SR AR, Chao%s NP1 i BREE % 5
L A R T AR AR 7E SWONTs AR & Hp (1 A AR
T8, I45G DFTHH BT AR -5 fe g K A
PR EAERL. BRI, LR 210 i FL T 45 (U i
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RIS | SRR B 7)) 2 BRSNS () SR A
A RS, BRI AR A

12 AR

B TR AT Z A0, FRBERR AR Y AE K O
Pl 5 SRR B UIAR DG, 32l i AR O e g
AR TR0 220 ik R (U LA e ELAR S A )
RACIUE . X T B AL RV E TR s 1 5
AR, IS EAR . T T B R A
JE. BN, WL EAR R Sy . HREE . ik R4
ZHL, LA BN 1272 LS WCNTs S5 44 (W 42 S
TR AL : ] .

Li%e A\ BOR5E T AR ELRE o B4 T J2 R XU A AL
Y)(layered double hydroxide, LDHs)fi#:fk/F: K SWCNTs
FFHE B S B0 B2, SR, Co/Mg/Al
LDHsHEALFIZEE R A9600°C T BIA 64k, A=K EAR
BN, EFMS. FEE6, 5 TFIERSWCNTSs, 700°C



B A K I SWCNTs HAR/NT 1.5 nm, T 50 A 248 v
(K12(a)). TMNi/Mg/Al LDHsF;{E700°C L A RETGAL,
H i BNk 7 HI R, A SWCNTsI B 7
e . FrEEREEZE. DR, RRRIR IR s
P e B SWONTs A Kl S R £

WangZe N\ B/ BRI, CoHy)Ar R 5K
R TERFL M SWCNTs B A% . Az KRR K i
ZEIREI, 7E850°CF, MCoHL A3 5 40.5~1 Pall, #)
T SWCNTsHITEZE A A%, T4 el 73 He (2.5~5 Pa)
I 2 2R fik 5 AR A4, B0k PE I 2 (K12(b)). 1
SWCNTsHTEZEAIE G, 1A R0.15 Palf /K 7%
ST M EBRTCE Ik, TS K ZE R 4 R i
0.15 Pali T2 RSWCNTs IS5 # . MR T, s+t
K 1250, SWCNTs 7= Z6(GAf Wil 2) 4%
LT 2 40%, HARFRmE 45 E, T & m 420 m A8,
T2 5 = 245 T SWONTs ARG i A AL HE nT 1 7 4%

T By BB R 2R AT S I 042 A BA 5 b o K2 5K Bt
- BACSV S, e A 20 PR e S BE T (2, ) Ptk
ISWCNTsIE R AE K. BFSR itE— 4 7 T 2l s vk JiE

XFSWONTsAE A RS0, 2 220 i 7] (AT HL v B 2
Ak, SWCNTs Y AR 4 T 46 5 1 £ 551 2 171 A0 335 2 o7 s B0k
1E b AR = 20 R, A K AR B e T 7
IS5 SWONTS A2 L (E12(c)). 18 i SH 36 UE 78 B b
i AR AT, RA MM S 2120, n)
SWCNTsREAFTE, HEFEMETTIA82.3%. %k hFHE
SWCNTsHY AT #E45 BUER 18T SR ms.
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AT BT A KA AL, o2 3 H A KRS
HH B (1) RS ) S5 AL 2A AT IR AR (B TR R SE IR A6 JRAE
JISWONTsAE: KA #R A, @it 2 Al B AR 51 Sk
TR ST 43 A SR AE ) 22 T 4L 2% TR VRAE S Ak I
N ERE, oM S A T e T AE KW B T
IR S R SR FEE.
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Bl 2 (a) Co/Mg/Al LDHsHEALFATEA [ T A4 K SWCNTSHYUV-vis-NIRWZ SO GHERS. (b) A= KRBT J850°C, Az K] Ay 243 by, 75 [R5 I
STl I SWONTSIRLEOEHE. (o) ZHIFIA R O FFAL T SWONTSs i A KA DY)

Figure 2 (a) UV-vis-NIR absorption spectrum of the as-obtained SWCNTs on Co/Mg/Al LDHs at different temperatures”®’. (b) Raman spectra of
SWCNTSs grown at different carbon source partial pressures. The growth temperature is 850°C, and the growth time is 2 min®"\. (¢) Growth model for

SWCNT growth in the absence of sufficient etching agents**]
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Table 1 Differences in the preparation of SWCNTs under different growth conditions

SCik FEALF S I [8] (min) TREE(C) T EiE(m)  Ig/Ip(532 nm)
[28] WC, Mo,C, Re Ar, C,HsOH, H, - 850 19°45° 5 1£>93%  0.81~1.53 -
[29] Mo,C Ar, C,H;OH 15 850 (12, ) FHEEE  1.2120.26 22
[30] FeRu H,, CH4(27 mbar)/H, 30 700 - <1.3(75%) -
[31] Fe-Ru Ar, I FRel i = A Kefgh a1k 790+20 - ~1.14 -
[32] Pd Ar, CO 30 900 (7, 5)FHz 0.7~1.6 19.2
[33] Co/Mo C,H,(0.005~0.02 Pa) S 700~900 - - -
[36] Co/Mg/Al LDHs Ar, CO 35 600 6, S)yFHEE <1 28.5
L) GHERE
(37] éﬂ%ﬁﬁ]ﬂﬁ@mﬁ@ CoHy(1 Pay/Ar, Hy/Ar; PIRIER: 13 IRZER: 850; B 0.83~1.72 5
BB SR, —RAEK: CHy(0.5 Pa)  ZWAEK:30  ZWAEK: 1000
Ar. Hy/Ar, H,0(0.15 Pa)
[38] Co H,, CO, Ar wIE10, EK 15 650 (2n, n)ti82.3% - -

KB 55k ms . Wang®F APV H — e Fhofems, it
XA DR IR AT T AR IR ), Fr R iy E sy
Sy A BB LS (S A2 5 G B, VR R e A LA
(KCOHARAEALT B T30 (K13 (a)). %R TR
I —(Z91.4 nm) K CUHEAL I 7R IS LAY 34 51 5046
A A K % B A OK 10MR . AR 291.3 nm
ISWCNTsFES.  HL 22K 5 002 % o b it — 2 3%
B, PR REs) rh2985% M SWCNTs £ 34w 1. k25
Hi, WP AIASHE By A X SWCNTS Y B AT 45 K T
A KHVER . Zhang®: NP FH S &ALl (hexa-
gonal boron nitride, hBN)4sJJic A% J5L T 20 F-4& R 11 S5 4%
W ShEE M, 523 T SWONTSsH U it ik
K (E3(b)). 5 F h J12ERE I, hBN A (B S AR o
SWCNTstEA K FE b ] [t g, e [ fsae 1y
W AEYTE . XI55, TR E A (0.33 nm)AY'E
EHERRES]. BEAh, hBNA AT FRPES S SWCNTS
SEUTREE Al RS, Y R PR TR R
F1)(E3(c)).

TEBRITERE T, HAPZE 5 R B FE X SWCNTSsI)
A SRR E X EE. Zhang® N BFSE TRk
AP ZEXTFeCo/MgOMEAL ] A2 K SWCNTs AR (1) 521 .
SEESXT L T RS L BEX PR IRIR,  Z AR,
ZIEAERIRRT, SWCNTSHYRL S G542 [ P I A% (radial
breathing mode, RBM)I& 5T 4 = my e 8k, X B AR T
/N GBS T 5 24, HEIHR T, AR AL
FPUA B AR AT R AR K, P T
PR AT 3R . KA IsHTE], TS/ T SWCNTSs )
SEREAR. P Tk K2 A L AT A58 o s A 2R
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AR A BRI 5 177 s-SWCNTs Y & . 4%
Feo.01Mgo oo OVE MAEAL TR AR, 2 — kA DL H e
(CH)MIRIE, FEHLIIRRT, AR S B
UK ZER, TR ZI S 3 215 8 m-SWCNTs. il ik
FIFRAE S, TE5E IR AE R O (C.HOHE
IR}, s-SWCNTs I & 38 R £1193.2%, YR H1.34%.
TR A KA B A K oo A 3~ S AP BRE B 4
AP T A 3T BB B

1.4 Bhiles i

FARERRINAKE R SRS VR 4= (A 2w ik . 45 1]
HEA )2 H A SCER . SRR S k)RR, 46
N ESGERT NI A R N € P GRS
UL RS E SR R R TESWCNTs & iUy T4 0
LIS R syl s . R EE
AR S 295, SRl 7R 2z ali Bl . 225
P[] D Ak KR A % 1 A 55 %0 PR, O E i A
SWOCNTsHF R IF & 187 i) e

G545 T BME AR HISWCNTs [ HL 24 JE . Zou
A NV H o gt B A B T ORISR A 2 SRR
(electric field-assisted plasma-enhanced chemical vapor
deposition, EF-PECVD), | 4 B 1A 2 /Y £ fof &
R, PEEERRARE A BISWCNTSIRESL, i HAL
RTS8 T L [ AR R r Rk
R o (El4a)), BIA LT 96%40EE . 5 FEIA 1241 /um
(I7KF-5E ] s-SWCNTsFES, iR H KA He L 1 g1 10
RFEBEE T FRLHER].

S AL S SARVTRR L I 2 S B0 (AR . IR
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Bl 3 (a) a4 Fh e 4 UK CUEAL IR A 4t KF-HESI Y SWONTS RS 7R B DL, (b) BABERRANK AT Be 2 0] (O AR AE . T 3 RE LA &
SWCNTsBLZ [ 3 S RE AT AR SRR 2 1. 46 1210 phy IR B BN JEC 2 (3L (1 Y A AR 5 | 3 (AR S8 S WON T M L 30T A 73 2 Bl OISWCNT.
(©) (20, 0) SWCNTHINBNAJIE = i1 i kB REBGHLI A1 10754k, Hi I AFMIEAR 1R /R T SWONTSTEHERS: Jy [ 1 (e

Figure 3 (a) Schematic illustration of the growth of horizontally aligned SWCNTs arrays from KCI catalysts prepared through a sowing strategy’

[39]

(b) The vdW potential between SWCNTs segments, sliding potential energy, and the sum of the sliding potential energy and vdW potential between
SWCNTs segments. The Inset shows the schematic of neighboring SWCNTs approaching together arising from the vdW attraction enabled by the low-
friction hBN substrate*”. (c) The stacking energy between a (20, 0) SWCNT and hBN substrate as a function of the twist angle. The inset AFM

topography image shows the selectivity in the stacking direction!*”!

JE | BRUE LB KR 2 03845, KrasnikovZ AR
GEVPAl T 6FPHILAR 7 > S R A 2 SR DU
A BLSWCNTs Y BN AE. 5 T36941 S 0 A ok 5
R R BRI ESESED), KA THZR
#% (artificial neural network, ANN)ZE 7175 HH S e i
TP T (Rog) « 72738 B A4 ik (T Iy P R B, P34
YN E Ar RS R 22%~27%(Fl4(b)). s R %
“FeTEHI"SWCNTsHY H F5 AR GE AL 18 2%,
158 A U SWCON TS e BE AN 24 | 3] 1) 20 A
i, BRI T HAER T SRR . Sun®E AT
T —Fh I FDNAHT YUK 1) 25 [ v FHAE 5% K (steric
hindrance-induced nanomaterial efficient integration,
SHINE), SZ# T SWCNTs[H] 24, 1~10.4 nm [FPRs 7 45
(Kl4(c)). FIFHDNARE f{A&(DNA brick crystals)fti )
H = AEYK I, 3B DNAZAS(DNA hybridization)Hf

RAOKE L ZEIEDNARE T, 5 T M HES Tk
W, ZITIEE AR 5425 R R, ESWCNTsPE
F w22 <20, 413K >95%, FuIHEH 5] M (inter-
distance consistency, IDC{EAXZ0.001)imHA iR, X
B R A ZH 25 58 Wl SWCN TS 7E A8 4 1o L TR
I FHBEE T JEAi.

i BITiR, S5k, R A
FEHISWCNTsHHL 22 @M . 25 RS B AL R0 55 T
TR B 0 S L3R, SR X AT T X L.

2 SWOCNTSTEREDR 5 HL 1S i H

REDR SN

SWCNTsHURF R BEL | A2 i i LA e E L
BT A T — I A R A T 7 1)

21
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Bl 4 (a) HIZHHIIPECVDAE Ks-SWCNTs/R &™), (b) i HLAR 21 H4 £ 1\ TR 22 P9 4% 3 SWCN Ts 4 tHARFAE A TIN5 22141, () 1%
TE]EE 424 n BRI 81 9 15 1P R TEMIE (2147

Figure 4 (a) Schematic diagram of electric field-assisted PECVD growth of s-SWCNTs!**!. (b) Prediction error of four output features of SWCNTSs by
the artificial neural network built through machine learning!*®!. (c) Design diagram and TEM image of the carbon nanotube array with an assembly
spacing of 24 nm!*”!

F 2 BEBROUREREG & FESERT RN O ENT

Table 2 Comparison of key advantages between novel and traditional SWCNT preparation methods

X 4 ST NCVD . FII L ) BRI £ vk
F 27 A TR EZFTFHIRA W), RAEsi T Al RE Bk K, WEF-PECVDATSLHI>96% > SA P SWCNTs! !
2 [R) 25 4 F R, MELLSEEUREHE . A R R HES K23 A1 HEAT, UIDNABE I AT STBRAN K Sl -5 5 sl 147!
TAAkseR IR g0 IR A, S . AR FREALALAL, FFAPLAS A > Podt B -4 e fe b K S
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Single-walled carbon nanotubes (SWCNTSs) possess exceptional electronic, mechanical, and thermal properties, making
them highly promising for applications in energy storage and conversion, electronics, and biomedical engineering.
However, fully unlocking their potential relies heavily on precise control over their core structural characteristics—such as
chirality, diameter, and surface chemistry—which are largely determined during synthesis. This review systematically
summarizes recent advances in the precise structural regulation of SWCNTs and explores their applications in key fields,
aiming to bridge the gap between laboratory research and industrial implementation.

The structural control of SWCNTs focuses on four main aspects: catalyst design, dynamic optimization of growth
conditions, the influence of substrates and carbon sources, and innovative preparation methods. In catalyst design,
researchers have developed various advanced catalyst systems to tailor the chirality and diameter of SWCNTs. These
include refractory metal nanoparticles and their carbides, which provide high structural stability and overcome limitations
of traditional liquid catalysts; bimetallic systems that leverage synergistic effects to stabilize catalyst particle size and
modulate electronic structure; and low-melting-point catalysts that interact with specific supports to enhance the adsorption
and decomposition of carbon precursors.

Dynamic optimization of growth conditions further refines structural control by tuning parameters such as temperature,
carbon source partial pressure, and etchant concentration. These adjustments influence the nucleation kinetics and growth
mechanisms of SWCNTs, enabling targeted regulation of diameter distribution and chirality selectivity. Substrates and
carbon sources also play essential roles: substrate surface engineering—such as introducing defect sites or using atomically
flat surfaces—guides the ordered growth and alignment of SWCNTs, while the choice of carbon source affects growth
kinetics, thereby influencing the diameter and electronic properties of the nanotubes.

Innovative synthesis methods have overcome limitations of conventional techniques. Examples include electric field-
assisted plasma-enhanced chemical vapor deposition (PECVD) for selective growth of high-purity SWCNTs with defined
electronic properties; machine learning approaches that accelerate the identification of optimal growth parameters by
predicting structure—property relationships; and DNA origami-inspired spatial confinement techniques, which enable ultra-
precise control over the spatial arrangement of SWCNTs.

In terms of applications, SWCNTs demonstrate outstanding performance in energy and electronics due to their structural
advantages. In energy storage, they enhance the performance of lithium-ion batteries by improving capacity retention and
power density, boost the energy density and cycling stability of all-solid-state batteries, and reinforce the mechanical
durability and energy storage capacity of flexible devices. In electronics, SWCNTs serve as key materials for high-
performance field-effect transistors (FETs) with high on/off ratios, flexible transparent conductive films (TCFs) with
excellent long-term stability, and highly sensitive strain sensors capable of detecting subtle biological motions.

Despite these advances, the large-scale industrialization of SWCNTSs faces challenges such as high synthesis costs,
difficulties in achieving high purity, and poor dispersibility due to strong van der Waals interactions. Future efforts should
focus on developing low-cost and sustainable catalysts, integrating artificial intelligence to optimize synthesis processes,
and fostering interdisciplinary collaboration across nanotechnology, biomedicine, and information technology. Such
initiatives will help transition SWCNTs from basic research to real-world industrial applications.

single-walled carbon nanotubes, catalyst, chirality, diameter, energy, electronics
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