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Controllable Preparation and Carrier Mobility
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Abstract In this paper, Cu-TH(Q (THQ=tetrahydroxy-1, 4-benzoquinone) films with different surface roughness
were prepared by chemical vapour deposition (CVD). The intrinsic relationship between the surface roughness, the
degree of molecular 77-7r stacking and the carrier mobility for the Cu-THQ films was investigated. Meanwhile, the
regulation mechanism of the temperature on the carrier mobility of Cu-THQ films was explored in the CVD growth
process. The results show that a large number of unsaturated coordination sites exist in the metal ions of the
Cu-THQ-3 film near the heat source, which leads to the weakening of the interlayer charge repulsion and the
formation of tighter 7 -7 stacking. As a result, the Cu-THQ-3 film exhibits higher surface roughness and carrier
mobility, with the Hall effect mobility reaching 4.10 cm®+ V™' +s™. The temperature regulation of carrier mobility for
the film is achieved by controlling the distance between the substrate and the heat source, providing a new
opportunity for its implementation in practical devices.
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FHLAE A VUHER AL (c-MOFs) & — i i 240 b kL, B A WFLE S0 AP FLIE
S50 8 AT AR REE A LA K R E I L R R B A R T RE A S A SRR R, A A — AR Y
TP VR AR T 4 2 FL A LI SRS (OTFT) #8441, 20154, Zhu 2554 — 0 FF B/ /K Fh i
il £ TR 200 nm Y B B2 48K 3% HE R B 22 fi 7S S B 2R 4 (Cu-BHT) S, s %
15 1580 S/em. KT IZ M) OTFTs #4475 300 K i 7R AU Pk B A AL A AL, 28/ G AR f L, 1
TR RN 99 F 116 em?+ V7' -7 2017 4, Xu S5 RS- A WA KM 5k, oS it =%
(HITP) Kyl A 8 1 v i o-MOFs 22 i B Ni-HITP, J38 i “ Bl e vk " HAE# & SifSio, w1 i |, il
#HHZ L MOFs-OTFT #3, 1Za8HE 3L i p B OTFTs, BIE LR 1.1V, JFCHLI H i ik 2000, W7
BRI K 2. 4 Videcade, 25T MR 1448, 6 cm® V'+s™'. 20194F, Duan 252 FEFUCIURA 4 U 4
SiO/Si FEJE PR AL T RTAIBGES: | #5957 | JEEREFI B v 455 1 Ni-HITP AR, A4 1 ICHz il Y 1
ZEK, HLOTFTs #814 BA B B3R TiF R 38 (45. 4 em?® V7' s ) R EHLI G (2. 29%10°) , B HAE R
WAV, S ARG I, ZE R A B AR e M, FF HXE 107 ~107 g/mlL V& Y L 3 %) i 260
MR AT B i

R ERWFFEIESE T F) A T A ARG o-MOFs 38 ] AR Ay v 3 44 K1 T OTFTs 244, 3K
1RECAF g e RE (X SR R AR ZOR AR = . O T b S A E S RS 1 B mT BEA7AE 1Y —LE ek
WEGL PR SRR A IS, B TAE# 4 A TR IS b AR 4k o-MOFs #BE . 40 Xu 5538 1
Cu R 7S P22 = W28 (HHTP ) Fif 9K A VG 2 W5 Tk B4 Ho 2 3R 1, R )2 2 A B A Kkl 5 2 i
Cu,(HHTP), 5, 2 A K R T s, FLEA YIS T . R AT A0 45 o B AN s BB . T L)
FERAN ARG L) 2 om (R, HARBUHDGI R R H25 SR s P . Lin 57
FH RO TR BR S AR R, AEAE L B A | SI0L/Si S FUZ AN IR BAER T SRR S 4 L )
c-MOF's T 15 8] - DU (4- 3R FE R KL ) NRIRAR [ Cu, (TCPP) ], FEFi% M A OTFTs & P H S () p U 5y 3z 4
fiE, 257 GERE N 0. 026 em?s V757, FFOCHLIR L2 40. 202048, Louie % H&H T —FAGH X fb2: <,
AHPTRR: (CVD) , FEBEIE A IC il 45 R . &5 A 7 1 ¢-MOFs 2 (i Cu-BHT, -3 i 45 42 )8
FTSRAAR A AETE 2 CRORH B8 TR ) St s il FERRE ey ke , (o v A6 v 1) R e RUST 35 81 100 nm, SR T 44
B 2EPERR AR, IR 0 A AR R A Vs R 3 R, 58 4l 1 2RI i 5 g, s ) T3k
BUFIPEAL c-MOFs R A FLF-PERE . 1T UL CVD ki) A IS AR K MOFs 85, I H G 5558 AL
BE, BEAR CVD R ZR N 55425 Sy VR4, AT 2028 4 T R S A MLECAAR I R 28 A e TR 2L RIS
SRR A7 B RN R] | RE | R T R AR A A R S BN VR i AR ) L TR | F e AL R RE 1Y
e

AR, BEXTHET c-MOFs JEE 1 OTFTs & 4 H for f& 4 M R R 3 A rh A 40 A ML AR 2
PSS . PRI, BN TR I R S, RIS AT DAEARIE 1 4 )8 B8
TP TR, G, 5856 8K T CUNBKFE AR IESE) 1 o-MOFs fH E, DR SEAR 540 BRLITHY
FU) c-MOFs il 5 HA H @ i 5%, BE RIS EEREY. 5 —Jrm, RAERHIE T/EE A K
CHE c-MOF B 1] 5 S m , (R TRRSE P ATy SR AF AR 0T TR AS B 1 R IR | BT LA R At I 1) it 3
2%t e-MOFs [ FL T4k 7= AR st 2 A, i LA I 2 ri i 2 B BRI, fZS ek gE, R
FIFXF 4k c-MOFs 1 HL FAAEM: B AT IR AR ST . IR, BHIFL B3 28R FH o-MOFs A 3o 5 H A4 57
OTFTs #4F. SR1T, il 28 5t c-MOFs FERAE AEAR 22X LA A e (R ok R A [ A8

HF c-MOFs J&—Fl th 42 J& B 7578 HLEC A o OO S i — 2R R 2 AL 454, o+
Sk K LI TR R R T DUE AT WL TR ), XA — B ol o-MOFs i FiE %
PR SEAE TR S . ARG Y0 T 200 Tl B R IR A e B, il iR AW
e TP PERHES 2548, nT AR B 1) - ERVRR B, XF 4@ AR R e R R A AR AR
., Heeger 55038 1+ 7 2% Poly [ 4- (4, 4-dihexadecyl-4H-cyclopenta[ 1,2-b:5,4-b’ ] dithiophen-2-yl) -
alt-[ 1,2,5 Jthiadiazolo-[ 3,4-c Jpyridine | (PCDTPT )% , i HAE S 8800 ARG Hh iy S FL VAE HEA T H 41360
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B RS, TR s Ee] HEAT SR 2R A R O 4G S, ATIARAS 1 36. 3 em® V'™ B R 25 UGBS
A8 Hu S5 1 7R R R IR Y 2R DU G L RIS E OB 2 I ik e i 14 SR R4S £ bR (TA-PPE) 73,
il 2 1 BRI B SRS WD, O EHLPE— 2D S AR A R AR AL B A T AR AR A, BETE R B,
Wi [ A SR G W0 o AT e PR R SE T, R IE RE R RO, R T IE B AR K 10°~107
em® Vs R BT F B 4. 3X107 em® s V5T AT IFSE R, AT HLO> 7B R B o HERH R
, STE—E R F RS A RDRE L. AR, S 3 R T - HERRARBE LS T o-MOFs IR 2R
TIERBARAMSCHI TR AL T2 (B, 5 BB 2 2 18] (4 SR A 1 AR LA

e, ASCRIH CVD J7 i, 8 ad AP Jie S IR R 7 L, il o B A A [ 2 THDRDRE 2 79 Cu-THQ
(THQ=PU¥EIE-1, 4- K BR- /K590 WL, 40T Cu-THQ W R TEHTRE B | 431 mr-mr HEFVRR L 55 200
TR N R, SRR T CVD A K 2 Cu-THQ MR T LB R A JA LA

1 SEIGERSy

1.1 {F5EE

PUFRIE-1, 42K BR- K A0 (THQ) , ZeAT4l, ZRatfblt Tolb kX 24t 2N [ Cuacac), ], 04T
afi, b KA AL R A PR ] 5 BEF (300 nm Si0, )2 ), S T RM A BR A | 5 A A (R
1 mm), % 7 KA A PR R 0K 28 (CH0) FINER (CHO) , Zetral, [ 254 k245
ABRAFE; malE < (Ar, 99.999%) , IR TT = TRABRTHUE AR K& F/K(H230.1~1.0 pS/em).

Thermo Scientific K-Alpha 7 X 528 Y H FHETH{Y (XPS) . DXR2xi BIH7 2 614X (Raman ) F1 Nicolet
iS50 T HL i 21 A8 % 3% 4% (FTIR) , 3% [# Thermo Fisher 23 5] ; UV-2600 %1 %8 41 - 1] UL 43 56 5% B i1
(UV-Vis) , H A8 H 2 7] 5 Nova 400 Nano %37 & §F 459 4t 7 & 6 8% (FESEM) , 2% [ FEI /A ] ;
JEM-2100F 7437 5 o - I 4% (TEM) , H A< JEOL 23 A ; Dimension ICON %Y J5i-- 5 i i 4% (AFM) , 75
Bruker /A F] ; HMS-7000 Y28 /R &80 ALY, i [F Ecopia 23w .
1.2 LR
12,1 FERE®R  HHITSISIO,(1 emx1 em) 735 FH 2B oK | Jo/K Z RIS R I BE 20 min, A
BERE BT RE A
122 Cu-THQ MOFs # 89 #] % ##6 mg Cu(acac), F12 mg THQ 43 & T PIARA[A] (1) /)N B A7 e
B, I AACEFE X A SEE N . o, 3 Culacac), I HL. A 9048 8 T4 9048 Pl Bt
14. 5 em b, 247 THQ AY B A1 048 B TA e TP0 T UF 10, 5 em &b . 15 15 A0 35 45 (] JE 08 AE P A
SRR 2 6] LIS P28 . B AT DM as 5 Pa YA TR J7 . FELAS 5, LLO. 1 L/min B 1) 4 9%
Bl AR, FEEL 10 min #H T L SEER R, RS R 1.8%107 Limin LAHEFT N —20 O . ARG
WEEF, il Tt 28 230 °C, FEAREE 120 min LUIKS) HAR RN . VARG , 9 FHA T AR H E =0 .
1.3 FRIERMIR

FH Raman YGTE SO AE i 67 7900 BT 2544 0 A RO G IR 3% FH 8 532 nm) 5 FIJH FTIR X AE S A 7
TACZELH AT, BIARE R KBr JE v 5 (8 UV-Vis Ml Cu-THQ S5 1 22 4= 11 WL 3, Ik
T[] /& 200~800 nm; {1 FH CVD 12, H Si/Si0, B sl Se 3L IE , 8k BT BR I 7 Xt Cu-THQ 5
AT . 38 3 FESEM XFFE S 24 T OWTE S EE , I A1) F HC 45 (1 Super-X fig i 50 Y (EDS) X}
FESIES PO R AN A T, TAERLE R 10 kV 5 3Bk TEM SRR ST PO S 4347, I3 i v s
FE A E T 4B 0K BRI, BEJS TN 40 ) F, BT SE BEL T RAE ;T AFM 7252 i =0T
XF Cu-THQ WERHEAT 7 R MBS . AFM (Y BUR A E R B2 75 21, Ak B 2 HLAA 9K el
%, WA RS 10 pmx10 wm F1 500 nmx500 nm. F F Nanoscope Aanlysis X434 T AR 1 T2
SRR RS R .l P g2 SR SO A S A3 BT T VR B ) B far AR R PR BE . R XPS XA it 9 R 1T T Ak A
PEATArHT, FEUEN Al K 2R, HLMmFH IE C 255 RE M 284. 6 eV, Il Avantage A HEA TEIE LA 5
I3HT.
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2 HR5H

2.1 Cu-THQHIAHEM L SR IRERA

4 Scheme 1 {7~ , B 5%, 4 Culacac), f THQ 235 il B T WA R A se i £ W, ol e b
1 emx1 em Y Si/Si0, A3 78 47 B 25 18] B8 T THQ 5 Cu(acac), Z 18], FLI 515 2 097 W fir 24 M
Cu-THQ-X, Horr X ALK 1~6.

v 5 8 8

Inlet Outlet

Ar gas Vacuum pump

® — —

14.5 cm 10.5 cm

A

Scheme 1 Schematic of the tube furnace used to evaporate and deposit monomer powders to create
Cu-THQ films

K 1(A) A Cu-THQ-X ) Raman Y& ik &l , BT UL, FrA#f 5 s A HLECIAR THQ 7E 1649 em™ Ab ) C=0 14
Bl , SIEE, 75362 F1460 em™ A H IR Cu—O WEIESE 4 B 25 1 5 48U F A . [/ 1(B)
A Cu-THQ-3, THQ il Cu(acac), 4 FTIR Y& . 7] L, Cu-THQ-3 5 THQ Fil Cu(acac), BYLLAMNGIE A7 AE
W25, HTHQTE 3496 F13369 cm™ &k H 3 (—OH) R 15 i (Wi e Cu-THQ-3 Hri 25, £HIAHL
BoiA THQ s L R4k, 548 8 T Mo Be Az, Ikah, Cu-THQ-3 78 1623 em™ Ak AW I 14 5 THQ
A AT B FRAR , 3% 2t FAEHE R C=0 K C—0/C=0 54 J&@ & T34k 77 4= 74 i3, [RFEIED
Cu-THQ-3 A7 7E 4 & B T 5 A LB IR Y s e .

C —Cu-THQ-1

(A 1649 cm! (B) Cu-THQ-3 Y —Sﬂ-THg-z
L AT g N Y THYS

Cu-THQ-6 -THQ-5
::w CE_THQ.ﬁ Cu(acac), - 8-6
MW CuTHOS Wﬂw
A ,J\L Cu-THQ-3 THQ
A, j/\ - Cu-THQ-2 K J\\/—V\\
) N Cu-THO 23 g

[an]]

1 1 1 1 1 1 1 Il 1 1 1 1
500 1000 1500 2000 2500 3000 4000 3500 3000 2500 2000 1500 1000 500 200 300 400 500 600 700 800

Raman shift/cm™! Wavenumber/cm™! Wavelength/nm

Fig. 1 Raman spectra of THQ and Cu-THQ-X thin films(A), FTIR spectra of THQ, Cu(acac), and Cu-THQ-3
film(B) and UV-Vis absorption spectra of Cu-THQ-X thin films(C)

1 1(C) 2 Cu-THQ-X K1) UV-Vis JERE AL, AT 0L, IF 47 WEIERE ) /5 208~244, 252~295 1 524~587
nm 3 FB P9 A ZE MR 7, JHCrFr S 208~244 Fil 252~295 nm (5 FRL A #49 WE2 YA 2 X 13 THQ £ 77— L T4
1 524~587 i 905l A3 (RO OB V0L 5 57 6 J8 149 516 THQ B S 1 A1), 36— AW T G
5 THQ Z IR A R e

LA Cu-THQ-3 iR 1], HSEM B i, iR ooty 808 , Jo i KBRS [1# 2(A) ], H
XF ;4 EDS TH 45 R 3R], WAL S C, OFI Cu 3FPOCER, H3MITRAEMME 35501 (K1 2(B) ~
(D)]. Cu-THQ-3 M (¥ TEM H8 F 7R, JLH 450 20~40 nm B9 K BORIHE 2 1 [P 3(A) 1. TERRAH

Chem. J. Chinese Universities, 2025, 46(3), 20240470 20240470(4/10)



J 5% s Hws g R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

JOE P B 7 X T A7 4 (SAED ) B 8 1A W BT (A Air S 2R [ 181 3(B) 1, 136 B 2 XIS N R it ol 2248 . I
Ab, B 3(C)~(H) A LIOWEE S HE 4 0. 5686, 0. 3433 F10. 2201 nm (4 A% 2550, Hifihoks )y it 8t
AT WA B 43 51K 20=15. 8, 27. 0°F130. 2°, XF i Cu-THQ % (200) , (300)F1(001) dhifT, 5 3CHk[ 16]
as R —2.

100 pm

100 pum 100 pm

Fig.2 SEM image(A), corresponding elemental distribution of C(B), O(C) and Cu(D) of Cu-THQ-3 film

(200)

0.5686 nm

(300)

(001)

0.2901 nm

2 nm

2 nm ez

Fig.3 TEM(A), SAED(B) images and high resolution TEM images of different regions(C—H) of
Cu-THQ-3 film

22 REX Cu-THQ-XEIRREFR . HiR FIEBERMMEEHIZ N

Cu-THQ-X J 1 AFM f 7 S HAE vt i 2 b 1 g BE R TRTRT R B, M\ Cu-THQ-1 #) Cu-THQ-6 )3
THIKEURE 5 (2505 HOMLEE 2, Rq) 23 M 4. 37, 5.88, 6.43, 5.91, 5. 42 F14.76 nm([& 4) , $iBIH CVD 1%
A1) Cu-THQ-X JH L A4 AEURE P2 B 46 JFS 8 AR B E 23, BV SR G0T , MRS BEBAC . Ibah, B IFSE
KW, AHLEEA B RS, Sl B ROWIES ™ 4 25 5, W53 18] - HERE IR
S (R I O g A HLRE 02 RIS, SR - MERRT DA R SR A ] e fur A B 5, AR T
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E 5l £ 3B g 5[
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60 1 1 1 1 : 460 ! L ! 1 1 ! 1 1
0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
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Fig. 4 AFM images of samples at different growth positions(A,—F,) and their height profiles(A,—F,)

on the dotted yellow line
(A)Cu-THQ-1; (B)Cu-THQ-2; (C)Cu-THQ-3; (D)Cu-THQ-4; (E)Cu-THQ-5; (F)Cu-THQ-6.

R T BRZEFNFH CVD L 45 1) Cu-THQ-X IS S A E IS CHE, a8 THLREJE Rq=4. 76, 5. 42 Fll
6. 43 nm [ Cu-THQ-X Wi, F1 A IR RN X HAE A T8 B A8 2yl i (R 1).

Table 1 Carrier mobility of three samples tested by the Hall effect method

Electrical resistivity/ Mobility/ Carrier concentration/ Hall coefficient/
Sample Temperature/K N ffactor
(Q-cm) (em? Vs cm™ (em®-C™")
Cu-THQ-6 300 6.35%107 1.51 6.53x10" -9.57x10? 3.75x10™"!
Cu-THQ-5 300 8.36%10? 2.81 2.66x10" -2.35x10° 7.32x10™"!
Cu-THQ-3 300 5.23x10% 4.10 2.92x10% -2.14%x10° 5.42x107"!

2 1A AFEF, Cu-THQ-6, Cu-THQ-5 Fl Cu-THQ-3 I (192 /R B 1, B Cu-THQ JH i
A n BUERRERE ; = MR TR0 1,51, 2.81 f14.10 em®- V' - 57", Ui Cu-THQ
TR TR RS R S HURE BE 1 A G, BE SORDRE B A3, 2RI TR R R LT, ST ML AR
FAl.

CAWFIERM], MUY SR FR R AFM B R AR DG JCRHAE FURDRR 2RI, T872 A H B LAY Y
ARG F) HORURE BES N, AT AR 201 (A P 2839 2. M\ Cu-THQ-6, Cu-THQ-5 Fll Cu-THQ-3 #f i

Chem. J. Chinese Universities, 2025, 46(3), 20240470 20240470(6/10)
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(9 AFM J&3 38 50 R B8 F AT D0, B B I5 A 08 1Y Cu-THQ-6 THE JIE 2 by 3 R S0kr 55 3% i FHU 1) TG ) 445 4
[EI5(A)~(C) ]; M%T Cu-THQ-6, B HIEHE UL AY Cu-THQ-5 JHAS I UL A9 0k: 7 A K B TR R 8R4 il
G, TR ARG, (B ARATSSR BRI TC T 454, I iR RS B2 AH 48 T Cu-THQ-6 (4. 76 nm) 44 5 F]
5.42 nm; BRI Cu-THQ-3 3SR KB IR G5 , (HATHL T Cu-THQ-5 B B B G I i i3t
R 7 A AU 00 P S SRR R R 5, BB, X7 (R AURE B 4R e 3 6. 43 nm. X UERH, Cu-THQ-X
LRSI 23 B 225 (A T B Rt A R L RBOREDARE 38 1 1) A DG, T SR P 454 B S A R F 280 7
PG, DRI, Bl ORI B2 A3 n , 2R 48 T A, A =351% SEM JRy R s R i T I
Cu-THQ-X ¥ Fh 4 K R MERL I A [ 5 (D) ~(F) |, 5 AFM MER 25—, & 5(D)~(F) Al %,
Cu-THQ-6, Cu-THQ-5 1 Cu-THQ-3 i fi5 (1) b AL RS 43 51| 2494 25, 40 F1 85 nm, 3K 158 ] B AR, ok
R . SRR ST B34 T DARRAIG fy A 4 22 RN 7 DA Al A A dl FHE S G RB R . A R F 3 7
R TR

200 nim . 200 nm
d |

Fig.5 AFM(A—C) and SEM(D—F) images of Cu-THQ-6(A, D), Cu-THQ-5(B, E) and Cu-THQ-3(C, F)

R T N HE G £ B BR R T RS R LT S, X Cu-THQ-6, Cu-THQ-5 FI Cu-THQ-3 Y UV-Vis
BERIPEAT THE— 0 [ 1(C) ], AT, 15 Cu-THQ-6 IR 1Y -7 B T4 W g g (220 1263 nm) A
Et, Cu-THQ-5 V[ (1) 7r-7 FL F-AE 4 W A0 UG 43 B 2T 88 28 224 1273 nm Ak, Cu-THQ-3 F B[ -7 HEL T
W 0 53 T 2178 %8 246 F11 283 nm b . [R]ET, AHARS T Cu-THQ-6 LI 1) dar 1] 7r 11 HL —F 42 i W 1A 0
(531 nm), Cu-THQ-5 F1 Cu-THQ-3 WM dar 1] 7" FA HL AL 4 W Sc 04 43 S 2174 22 551 1565 nm. 3% Fhe
Hh-T] DL IS G £T B 0 0 52 2 o TV B 40 T 8] ar-ar HERR I B85 | a0 FI0 B AT T (1 2544
SRR, A A P A A A A T LA A e, P I R

F6(A)~(C) 551K Cu-THQ-6, Cu-THQ-5 Fl Cu-THQ-3 f 75 43 HE2K Cu,, XPS 1K . AT UL, 933. 8 I
932. 2 eV AR IAFIEIENS BT Cuy, BUIE ™, BiBAE A Cu-THQ-X JERE & A7 Cu™ A1 Cu”, ARV AN TLAR I
78 Cu JETH1 O J5 -2 18] B B 303, B0 UFE T Cu-O, A7 S5 AT 2. 4k, Cu-THQ-6, Cu-THQ-5 Fl
Cu-THQ-3 1 Cu®/Cu* (i FL 55351 4 3. 93, 2. 00 F10. 68, fEWA 3 i Fe iy A 22 5. Hirp, &8
TP Cu-THQ-3 [ CuHER & e s , U0 Cu-THQ-3 1943 8 B TAEAE B8 Z B A FIBC AL, X295
Cu-THQ-X J )2 Z [ H faf J&: J10855 , 43T ar-mr HMEBUHE N8>, ptt ] D0, eSS S5t il - HEAH R
BRI R AR AR
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Fig. 6 High-resolution XPS spectra of Cu,,(A—C), C,(D—F) and O,(G—I) of Cu-THQ-6(A, D, G),
Cu-THQ-5(B, E, H) and Cu-THQ-3(C, F, I)
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Fig.7 Schematic diagrams of Cu-THQ film formation away from heat source(A) and in areas near
the heat source(B)

The yellow dashed box in the figure indicates the position and amount of unsaturated coordination of copper ions.
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