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Abstract

To investigate the influence of connection sites on the luminescence behavior of spirofluorene-im-
idazole/carbazole-based organic fluorescent materials, two positional isomeric blue-green fluores-
cent materials, DP-CA and SP-CA, were designed and synthesized using spirofluorene-imidazole as
the core skeleton and diphenylcarbazole as the donor unit. The two compounds possess identical
structural units but differ in the donor connection sites, making them suitable model molecules for
studying positional isomerism effects. The structures of the target compounds were confirmed by
1H NMR and HRMS, and their structure-property relationships were systematically investigated by
DFT calculations, UV-vis absorption spectroscopy, photoluminescence spectroscopy, time-resolved
fluorescence measurements, cyclic voltammetry, and thermogravimetric analysis. The results show
that both DP-CA and SP-CA exhibit blue-green emission, with maximum emission wavelengths of
498 nm and 489 nm, respectively. However, their photoluminescence quantum yields differ signif-
icantly, reaching 81.52% and 5.11%, respectively. Time-resolved fluorescence measurements re-
veal that their integrated lifetimes are 10.46 ns and 10.69 ns, indicating that the difference in lumi-
nescence efficiency is not mainly determined by the excited-state lifetime, but is closely related to
radiative transition efficiency and nonradiative decay processes. DFT calculations indicate that DP-
CA maintains moderate electronic coupling between the donor and acceptor units, which is favora-
ble for radiative transition, whereas SP-CA exhibits a higher degree of HOMO/LUMO spatial separa-
tion, which may weaken radiative transition and enhance nonradiative decay, resulting in a mark-
edly reduced PLQY. Thermogravimetric analysis shows that the decomposition temperature of SP-
CA is 540°C, higher than that of DP-CA at 434°C, suggesting that thermal stability and luminescence
efficiency are not necessarily correlated. These results demonstrate that the connection site not only
affects the molecular configuration and energy-level distribution of spirofluorene-imidazole/carba-
zole-based materials, but also regulates orbital overlap and the competition between radiative and
nonradiative processes, providing a reference for tuning the performance of blue-green organic flu-
orescent materials through positional isomerism.
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AT AR A 7 7 a5 T St ks AOGEE ST I L5 AU RS A, FEAHLAOL
R st BIOAARIR . ARV AR AT B HL T R SRR A2 B IZ RIE1]-[5]. SN E
FALL, AHVNFRRHAR IS AE T 7] DLl 7 i 48, BUREE . 38y AN IR B (K 538, AP RHE
WL RS BRI AT BT WM E MR AT AR [6] [7]. ALEEOR, AN TP R T C 4
AHRRT R ORHKTE, T2 EmR D T4 RESIT MR ST REZ A RER[8]-[10]. A
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ARG RE (BRI, TN 5 SRR TSR S B 1 PR S R MR

DOI: 10.12677/amc.2026.143035 376 MEME 22

=
=t

T

Bl


https://doi.org/10.12677/amc.2026.143035
http://creativecommons.org/licenses/by/4.0/

XUHT T

TEA RIS TR, 40k - SZARBI SR — 20 P SR . B 7E A — /0 FHh 5l NHLF45 40
W52k, WDV FAERIUR G P e — R FE IR 4 1 N L e F% AT T 1 R S R R g 45 A [ 11]-
[15]. #RT0, X T WCEESOCIROCMET S, AR i & E S HE S IETEE N &R 2k 2 ]
HFAE IS 58, WRASRER S K, KSR R AEHBAR, HE A2k 2355 55, HOMO
5 LUMO #E&id/), NATREFFCFEN BRIT A, SEEOCE =2 TR[16]-[18]. FIt, WfaEHE S
BRGNS S (MR, IR R R EE R R . AR, 5T N AR
FEAIR T 25 R Z AR AR S TR, 850 T A 8T 30, LA 8 AT LR BUR A 574
FEEVIRSG . X TS A A, s e iR T 5, BRI T M IhRe oo T ReAl [F], (FOEREA B
MR 22 51 S/ F S R AL L A R B DL R 54k - 2R BUERS & 7 . FERIES B2 AT
BRI B NN T, IXPRAT 522 S nl Re i — 20 R AR A BRIT 5 AR AR S S 06 22 1) 1) 56 4 56
R[19]. Bk, WALl FE A MR 70 1 I RO 2 e, A B T IR N B RG MLO AR s 7
X PUEESFRICRRZ IR R

K I 25 A6 MR 2 ZE WA WL OEM R B B — e B EE . BT FT S 50 FargpuEifty, f5#&
W B P IR A B, A BT B4 1 [0 55 3% HERR T G AR R M o o 38 456 M TR 2 K e i 4
AT DLA WG B S 656 0 TR AL RTE IR 0 FE T S5 M AL B AR Y . SR, FEIX R Z I,
T 7, MEHEREIHF A REGR T H 3R G, SR T e 5 i 28 2 I8 3% 07 . 2 1,
A — 4 AR AN FI A BN, BRI TR 0%, AG RS 2R s BB Rs . %M. LBtk
IR RPUE R A T I AT R R AEAR M, AT 51 BRI T 2

AL SR N AT I — [ R T B IR RN B e S AR A AR B2 AR R 2R AR B, 7 M A R fig 7
TREF TN RE IO A — ST T, MEWEBEPEEERAE L. Bk, fSsaERbm
RMEFERG G5 FRE, Pl ES AP RIS FRBRER . X T HOGBUE A P R
5, X EE, R KRB RUR SRR, 1 O R T I TR S BRI R R A RS
Z A 5E 4 o EEFEAT p R S B HOMO/LUMO $UisE 58k 55, B A g hr BN K, tHa] REBH 2
B4R S BRAT R0, BEIMTE A PLQY HIKIE R FR[20]-[22]. BRI, ML 4 f BEHE S5 AR 2 T &
HRCRZESR, A BT G O RS SR SR R AR e

R R AT AR 8 LR D5 e e A 7, R B I 4 W T RE 70 B0 22 NI AR 1) 2 TR AR AR
[23][24]. —IRFEMRMEREREAE N LT 25K S 5 00 1 Nl A 5578, SCREIR I FLWIE 75 75 S5 /4 s 7 1 12 3))
PR IEOLFE . B, 2 IR IER M 12 2R 27 oK i R R AN R i, AR A iR b gh ik
TFROBL, I8P REEL SUE S TR BRI 4 - AR RIOR R, b — D S i U S IR S O %
T HRAEARF T E 42, RRRGE R 14 23 RV ) 2 BB i L 5 o0 S Ak B s 2 TR R L Fad s 7 o, ]
RE I B 5 22 S A B B SR A

BT BT, ARSCHEEC T RIEMMAE NG — 4R B0, R ) 5 N R 2 K B R A [ Aor
2 BT PIRAL A A TR SR UM R DP-CA AT SP-CA. WiFh 7+ B A MR AL T, H T4
WA B, B, LIS ARG - AT R EZER . DP-CA H IR
M2t Ak b5 e Ca K I B B2 2 T () P A5 S BR AR AN B, 2 TR RIS TP ) = e B, DRI 45 A A
AR 2 AT T BE AR5 18 P IS F B T SP-CA th IR A (A VS I 4515 3R N FE T, 4 T B4R 8 i
W, SR SRR O IR (23 A) 43 SRR E S K, AT RE T8 HOMO/LUMO #Uis B S5, FHidk—m
AR ERIE R [25]. Mk, DP-CA AT SP-CA A {E NI 780 5 P45 8B 1 — 2R AL 43 1 ARSI 38
WITE RO - ATROGTE . e R TR TR, RPN A A AR e T
WA, RGO R FHIBL, Ak - ZARBTIE . YUl ES GRS /AR RS R sm, L
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Figure 1. Synthetic routes for DP-CA and SP-CA
[ 1. DP-CA F1 SP-CA HI& R 2% %%

2.2.1. HjE{& DP-Br 1 SP-Br &A%

HHE 7R DP-Br A B RN — 8546 6 N e BARSEIG P IR: 1) 75— ANHC A& A REE 1000 5 i
B, RN 4,4- " IRFEMEEE: 1g(2.7mmol), 9-Zjfid: 0.49 g (2.7 mmol)ifR4%: 0.84 g(10.8 mmol)
XF S VR G AT B IR AR BRI R =R, DLHERR AR R A 2) S A A R E N 50
mL VKEERAE IR K RS EITE 110°CI R HiHE Rl 8 /N 3) RN G, KRG H 2=
e B SRR 100 mL 7K H, P2 A TTE BUEIEY) « F SR BERHR & IEAT 2 IKEEHL, A IFA NI .
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XUHT T

BHAHH TR ERAN T %, IR TR TEWE T ies 28 K B 508 A7), 15 206 . = i
AR A SR AT Ak . 4) 8 R A R SR e TR A TE I R S AR AT BRI . Wi H AR
5y, RIS R A ERE & DP-Br (1.0 g, 70%).

HHIE R SP-Br (16 ;%A U N FIRE N — AL & RS BARSERG B IR: 1) fE— AR BTN
XA KA, RN 2,7- 3R 9-Zjfi: 1 g (2.9 mmol)ZEfHEE: 0.62 g (2.9 mmol)B5R % : 091 g
(11.6 mmol)Xf S MR A AT B A H AR R 2) MIIIFEH B A R FEN 50 mL UKEEER . B I MR A
YILE 110°CItB i FE IR 8 /NN 3) RNEERG, FrRGYIR IR =R . KRREFEIA 100 mL %7K
SR B R G EAT 2 IRAE . A TR T8, 1 IERR £ TR R FiRE AR
B 2R AT, A3 B o MR S R AT A AT Al . 4) A A T SR B R S
FUWE RS REAT A e . YR B AREL 5y, 28 508705 15 Bl & SP-Br (1.1 g, 71%).

2.2.2. BiIRLEPMER

DP-CA Z7=W)ME R, TEZEA 1A Fkds IR B I H R N DP-Br (0.50 g, 0.9 mmol). - 2RFE M
(0.64 g, 2 mmol). BEFZEL(0.064 g, 0.3 mmol). =T M VY AN L £5(0.083 g, 0.3 mmol)FIAL T BE44(0.19
g, 2 mmol). K RPIREGYIMA, BRI =K, FHERSES K EZKG0 ml). RNMEAPIE 110C T
I 12he AHEERE, H 20 mL KKK, ARG, AR TE. 5, Bk
AR BRFIEFH = S o DA — SR, Rk ™ i B T R A AT R R, WS B
Hirdl sy, ZKFEHEFEE3 A GEE DP-CA (0.38 g, 40%). 'H NMR (500 MHz, Chloroform-d) A 8.32 (s,
4H), 8.03 (s,3H), 7.67 (d,J=41.3 Hz, 20H), 7.50 (s, 5H), 7.38 (s, 12H), 7.14 (s, 2H).

SP-CA Z7=WIIE K, TE3EA V- EEs RGEIR R I SP-Br (0.50 g, 0.94 mmol). - Z<FE M
(0.34 g, 2.0 mmol). BEFRHE(0.064 g, 0.28 mmol). —FUT JEHE VUM R £5(0.082 g, 0.28 mmol)FI#L T BEHN
(0.19 g,2.0 mmol). K¢ K MIEGHIM, BRI =R, IRJE FHEFFEEFE S TEK B RGO ml). RVEAY)
76 110°C Fhi#4 12 he AEE=ESE, H 20 mL KB KN, H &P BRI, KRR T, o
VBT, PR ZERBR ZVE SR S o DU e SRR e e, R BT RERR Gl A AT
Ve, WA HARYLSY, FEEWERE1EER I E A SP-CA (0.42g, 44%). '"HNMR (500 MHz, Chloroform-
d) A8.38(dd,J=1.8,0.6 Hz,4H), 8.16(d,J=8.0Hz,2H), 7.77(dd,J=8.0,2.0 Hz 2H), 7.74~7.71 (m, 8H),
7.69(d,J=1.8 Hz, 2H), 7.68 (d,J=1.8 Hz, 2H), 7.62~7.58 (m, 4H), 7.51~7.45 (m, 14H), 7.39~7.33 (m, 8H),
7.21 (d, J=2.0 Hz, 2H).

3. ER 5118
3.1. ERES

&) DP-CA (45 Hl i LR A HE ("H NMR)A 5 70 38 5 1% (HRMS)#EAT T R AERIN(E 2 F &
3). HIELGERER, B9V REITE A6.8~8.5 ppm, S5HEXMESHWE. o THEETLECH 48,
HHA SIS 5. 7€ A7.6 ppm Yu [N H 2 EIE, B HEAN 20H, JHJET RS/ HE I
FIRER TS &R 55 54460 T A8.03 ppm F1 A8.32 ppm [ XN F 1§ (4 + 4H) X N AR AL B A3 _E 1)
PN

B P (HRMS-ESTEE— 5 104 7 20 s MR PE . SIS 24 1 25 T MY FRURS R SR 1 LA
m/z 1005.39549, SFLTHEAE 1005.3913 mEVIE, RZEMCH 0.31 ppm, TKT 5 ppm FIRVFIRME. £8
HEE ST R, WAHNEXE SR SE S 725 BEILFAFIE, Fré b &N Bisr=m
DP-CA.
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Figure 2. The 1H NMR spectrum of DP-CA
[& 2. DP-CA B9 1TH NMR [&|

A1 SP-CA BRI GBI A% R LR SR A g 2 A5 21 T 50UF, B LA 4 FilE] 5. A
SERKRE, FTA T TE 5 #HBLE A6.5~8.5 ppm M5 7 X, EUR T 250N 48, 5HAL 2 MBS — 5.
Hrh, A7.73 ppm AL —4H 2 HIEQ20H) V& T R B M54 F oo ) U5 B 7 A8.38 ppm At
{14 R ER U (AH) UL %o R AR, BUAR IR I 155 B )

B TS (HRMS-ESD A H TR 7 F2=E S . SClfA 2 [M] % m/z v 1005.39549, HEG(E
1005.3913 W& 54f, =ZEAUN 031 ppm, KT 5 ppm K RVFERIE. &SRR RE K0 Pras f, wTbl
BTS2 =20 R0 H bRk &9 SP-CA.

GERIRAELE R LU i, DP-CA I SP-CA MILhRE S ITAH R, 35 M2 WK P B SRR — 2R Bk e g Ak 2
Bio AT EEFETERM SR, Fit, JFePEae2 R nT CUE S0 S 55 SR B b, Pl
HE TR SR ZE R TIE .

3.2. S FHIBSHIZIED T

NIRRT DP-CA 5 SP-CA LT 4510 2 5 XL e PR RE R REIA, R FH 1Ak 2T 5 5 V20t
ST RIRTR B R EAT T KRG JUTHIBURATE R FE 2 R 3R (DFTHESE T 58, 1% B3LYP iz
B 6-31G (d)FE4L, HEE R WA 6 Fior.

GERFW, ATRBUE S AEEF, DP-CA 4 FESHHAEAH, LUMO HUE ERHE T = 54 el Tk
e 48, 1 HOMO $UIE 1 [ L 25 JU) 2 AR e 2R SRR AR BT, R SR A TR B R 4, &
T HH SR PR OB M A o 3K oS 43 7 28 PRI A 5 WK A A 5 A P U P 85 ) ek SRR & o 6 T SP-CA,
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H LUMO HUlE # 7 2= [FIRE S8 e 0 AR AEBK I 42 1, {H HOMO HlUIE L 22 U 56 42 JR i T — AR R e 45 4
HIE, SEHLT HOMO 5 LUMO (£ [0 LI SE 48, —FHZRAFARTAES. X IR 5 SP-CA
o A2 R 7 3 ) TR PR KLy B D0AR O

D:\data\maoxuefeng\2023\DP-CA 01/28/26 10:42:39

DP-CA #66-97 RT: 0.49149-0.62966 AV: 32 NL: 3.07E6
T: FTMS + p ESI Full ms [100.0000-1200.0000]

1005.39549
R=33205
z=1
C75Hag Ny
100 0.31028 ppm
90
80
8 70 1000.78869
< R=34769
T 60 z=1
3
< 50 1007.40216
24w R=34524
o z=1
& 30 1002.79439
R=33009
20 1008.40346
9,2:5745721%7 2=1 R=33167
10 722 z=1
0 ) i L ) L
T T T T T T T T T T T T T T T T T T T T T T T T T T T
990 995 1000 1005 1010 1015 1020
m/z
DP-CA#66-97 RT: 0.49149-0.62966 AV: 32
T: FTMS + p ESI Full ms [100.0000-1200.0000]
m/z= 988.86038-1023.25973
m/z Intensity Relative Resolution Charge Delta Composition
(ppm)
994.75207 84572.0 2.66 34718.93 0.00
1000.78869 1727045.8 54.30 34769.08 1.00
1001.79104 1232335.9 38.74 33652.86 1.00
1002.79439 398948.8 12.54 33008.55 1.00
1004.38595 72487.9 2.28 33215.01 0.00
1005.39549 3180787.5 100.00 33204.88 1.00 0.31 C75 Hag Ny
1006.39866 2664586.3 83.77 34818.91 1.00
1007.40216 1024822.8 32.22 34523.95 1.00
1008.40346 148307.3 4,66 33166.85 1.00
1005.39549 NL:
R=33205 1006.39866 3.07E6
z=1 R=34819 DP-CA#66-97 RT:
C75Hag Ny z=1 0.49149-0.62966 AV:
] 0.31028 ppm Cr5Hso N4 32 T: FTMS + p ESI
100 -4.31515 ppm Full ms
° 1007.40216 [100.0000-1200.0000]
3 R=34524
< %0 1006.66744 Z=1 1008.40346
2 R=33788 R=33167
T 7=? /\ z=1
g 0 NL:
4.37E5
1005.39517 C75 Hag Ng +H:
C75Hao Ny C;ZH:;N:
100 0.00000 ppm pa Chrg 1
1006.39853
50 1007.40188
1008.40524 1009.40850
OI\\II\|I\\\|l\I\\II\\|\\I\\I\\I|\\I\\III\1[I\II\\I\-\|1
1004.5 1005.0 1005.5 1006.0 1006.5 1007.0 1007.5 1008.0 1008.5 1009.0 1009.5
m/z

Figure 3. The high-resolution mass spectrum (HRMS) of DP-CA

[& 3. DP-CA = 33 RIEE
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Figure 4. The 1H NMR spectrum of SP-CA
[%] 4. SP-CA #J TH NMR

BARPIE DIRE oA, {H HOMO/LUMO )% (Al 43 i FEA 584 —%. DP-CA #1 HOMO 5 LUMO
Z IR FE—E M S, YIS ARRIZ A MAFEE S BTG . X PSS R TR — e e
BRIEMER . M2 T, SP-CA " HOMO 5 LUMO FIZE (8] 70 S FEEE o &, g iR A2 ik 2 [R] A R L%
55 o IXFEIBIE 23 AT A R T 8023 7] 43 B0 6 A SRR REAIE , (R SR o0 Bl 5, 0 M R PRARER S O 0%

ReZiit 45 R, DP-CA 5 SP-CA ] HOMO/LUMO fE25 3 5 8—5.32/-2.02 eV A1-5.13/~1.98 eV,
X BERR 2351 3.30 eV A 3.15 eV. SP-CA [Kl HOMO 5 LUMO 584708, 452 AR e A 1A 2L 5e
KPR ESi5, S8 HOMO BEZIATH-5.13 eV > —5.32 V). LUMO REZRFFR(—1.98 eV <—2.02 eV), M
TMAE HAERR % DP-CA Y7 0.15 eV. Pifh2r T/ LUMO 5 FE B AT AE KA ¢ B 22, 1ff HOMO 1%
OYATAE ZRIEIRIRZE R 3R o DK B 48 b o IX U B P Rl oy T80 B — @ 44k - SZARTYIE S AR AE, 6
WOR JG T REAFAE— 38 70 A F A A RS I A

EAFE RIS, SP-CA IFR REFREG /1N, (RS ACE DP-CA B8 . X UL BN T-1X 4 ith 45 52 44
T, REHATAARER R HZES HOMO-LUMO RERFIWT. R R I RAEEBRRSMBZ L G, S2hrR bt
REEZ BRI PUEES . AR AR e i AR AR 2 [F 5 .

3.3. IR RS

P EY) DP-CA 5 SP-CA /£ & H i (1 x 107> mol/L)HF B 48 b — W WLIR IS J% S 350k e e ik dn
7 Fine WG &, DP-CA 7F 259 nm, 292 nm F1 357 nm 4k H 0 = AMERAEWR US04, T SP-CA [ 3E
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Figure 5. The high-resolution mass spectrum (HRMS) of SP-CA
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Figure 6. Theoretical calculations of the compounds DP-CA and SP-CA
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Figure 7. UV-Vis spectra of DP-CA and SP-CA measured in dichloromethane (1 x 107 mol/L), as well as
their PL spectra in the dichloromethane solution state
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Figure 8. Photoluminescence decay curves of compounds DP-CA an d SP-CA in dichloromethane solution (1 x 107> mol/L)

& 8. LA DP-CA 1 SP-CA ZEZ S B EAK(1 x 107° mol/L) PRI B & R Lk

H 4R DP-CA M1 SP-CA [t i, (A& PLQY ZRAEH R, 708 81.52%F1 5.11%.
IX UL BRI R e R 22 S R AN RE T B A D T IOR S F dn K, T REE— 20 M S O AR 4R 4 2k
G TE SR RIFATEE . — RS, R TR SR ER MR E R BV RN
FATIM PLQY 2 ORI, 1 B = 2 IR S RO R B R 4 A O vk A9 A7 78 B 2 22031

SEA RIS DFT 545 S A %1, DP-CA #f HOMO 5 LUMO 2 [al{i i — 2 Pl E &, AR T4 Frg
ARSI MR, R R PLQY. AHELZ T, SP-CA HEEA AR A2 A 2 7] 2% 7] 43 15 2 o 1
HOMO/LUMO #E E &5, 7l i S EERG PO B FK. RN, HUE s B3 sifl A SOt 22 1
A RE A R A i R e B, I S8 PLQY &3 R4

DOI: 10.12677/amc.2026.143035 385 MRME 2= AT


https://doi.org/10.12677/amc.2026.143035

X T

BRI, St ik — B3, DP-CA I SP-CA M FEZERIAETHRESHMNE, MIETH
KAREEREOT . DP-CA B Tl 48 S RIE RSB S R, T SP-CA PR S I3 B o5 LL 51l m]
RESE M. X—4RE “fLAFWBCRPE BB AEG/ARN S FCR " I —8, MU AR,
BER S BRI E PLQY IR LR S 13— DK HE .

3.5. ALFEM RS

KAPEARZE(CVIRFTPIA B ARMEME QIS i A5t . i 9 w7 I, DP-CA Fl SP-CA
8 —E AL AL 20 5900 0.92 V FT10.90 V, 23l Fe/Fe BRI A 0.47 V. BATTE DCM VSR T ) UV-vis K10
WS 5 4% 53 5 R 357 nm A1 348 nm, AR B HHELEE 300 3.47 eV M 3.56 eV, Epowo 75N
—5.72 eV F-5.70 eV, Epumo 75 N-2.25 eV Fl-2.14 eV. SR EH, W HF#EH HOMO il LUMO
REZR 5 R BAR D e, A AT 28 ORI L i O N RO R A i 4 T RO RR

—— DP-CA
—— SP-CA
Ferrocene

Current (a.u.)

f

2 1 0 1 2
Potential (V, vs. Ag/Ag")

Figure 9. Cyclic voltammograms of the target material and ferrocene (scan rate: 10 mV/s; solvent: ACN)
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Figure 10. TGA plots of compounds DP-CA and SP-CA
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