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Abstract Thermally activated delayed fluorescence (TADF) materials have attracted significant attention in the field of or-
ganic light-emitting diodes (OLEDs) due to their tremendous application potential. The outermost electronic configuration of
the Ag(I) complex is d'° configuration, with d orbitals always being filled. There is no metal-centred (MC) state, therefore the
quenching effect caused by the MC state does not occur. This renders it an appropriate choice for the design and development
of TADF materials. In this study, we designed and synthesized a novel D-A ligand, 9-(4'-(4,6-diphenyl-1,3,5-triazin-2-y1)-4-
(3-(pyridin-2-yl)-1H-pyrazole-1-yl)-[1,1'-biphenyl]-2-yl)-3,6-dimethoxy-9H-carbazole (L). The ligand employs 3,6-dimeth-
oxy-9H-carbazole as the electron donor and comprises a bis-electron-donating group comprising triazine and pyridyl pyrazole
as the electron acceptor. An ionic Ag(I) complex, Ag(L)(POP)(BF4) (1), was synthesised utilising L as a nitrogen-containing
bidentate ligand and bis[2-(diphenylphosphino)phenyl] ether (POP) as a phosphorus-containing bidentate ligand. The ligand L
and complex 1 were characterised by 'H and '3C nuclear magnetic resonance spectrometry, elemental analysis and X-ray single
crystal diffraction analysis. The complex 1 belongs to the triclinic crystal system with space group P-1, with a=1.30213(4)
nm, b=1.63383(4) nm, and c=1.93108(5) nm, a=92.941(2)°, B=105.247(3)°, y=98.591(2)°, ¥=3.90076(18) nm3. The Ag*
ion in complex 1 is tetrahedrally coordinated with a twisted tetrahedral coordination geometry. At room temperature, complex
1 in solid form emits strong green light under UV light, with a maximum at 490 nm. The fluorescence lifetime is 23.0 ns, the
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thermally activated delayed fluorescence (TADF) lifetime is 503.9 ps, and the photoluminescence quantum yield (PLQY) is
43.8%. The steady-state emission spectra and time-dependent photoluminescent spectra of complex 1 at different temperatures
demonstrate that complex 1 exhibits TADF characteristics at room temperature.

Keywords Ag(I) complex; crystal structure; photoluminescence; density functional theory calculation; thermally activated

delayed fluorescence
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Figure 1 ORTEP diagram of ligand L (left) and complex 1 (right)
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HZRIA B g, HIn 1 W, AT ot il e &4 S
E/JEHE%HETE]‘E :':[33]. Wavelength/nm
1 AW MK Om)FEMAEC) 10° ©)
Table1 Bond lengths (nm) and bond angles (°) of complex 1 10°]
Compound
Agl—NI1 0.2452(4) 10* ]
Distance/nm Agl—N2 0.2295(4) =
Agl—P1 0.24142(13) & 10°;
Agl—P2 0.24334(12) = ,
Pl—Agl—P2 116.69(4) !
s P1—Agl—NI1 103.55(11) ]
Angle/() NI—Agl—N2 69.85(15) 10
N2—Agl—P2 111.25(11) 109 . .
4 Pl—Agl—P1/ 0 1000 2000 3000 4000
Dihedral angle/(°) Nl—Aggl—NZ 78.090(116) Time/us
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380 nm Z A5 —NMEEFH IR G, TC S 1 BT AR N
LT e B AR BRI (ILCT). AR 28 MRS 15 1 7 4 TR A
2, % H LA HOMO-LUMO BERR 2 (AE,) 73 51N
2.94 ¢V H12.87 eV.

BCAAR(L)FIEC A4 1 [BARAE 298 K Al 77 K FHIF6EL
RIGPLYGIEWE 2R, SCWEHSH AR 2. ZiR
T, LA BRI B4 5, Jeik g fE 8 490 nm, T

GERYI R ST R AR A A7 1 B3R & A
AR B (CTRTRHE. =T, EAARL)FE %
R B Ao, AL — NP 5 6 F A — M
PR K F A, 05N 106.0 ns F13272.4 ps. 5 Ag'fic
PrfE, BCAD 1 A A RE R B P B A5 43 7 23.0 ns
A1 503.9 ps. B, SEMARDLMLL, BLEY 1 HIRETE
TR AR, AL, FRE 77 K R RI6EUR 6(PL) Y B AT
A, BARL)MEEAY 1 FER R SR R 2 R,
SRR 0 AN 481, 505 nm A1 457, 490 nm. g
BeAA (LSRR A 1, 77 K R RSG5 2 3 w4
BRI LE R, RSN 77 K FRRSHA TN
CT &R, HATRERA Z MRS,
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E 2 (a)lictE L AR A 1 7E CHLCL, (2 X 1075 mol/L)IA R H IR i

i K HLE R AE 298 K A1 77 K R PL i (L, =365 nm); (b)EL &4 1
lﬂiﬁ 298 K N IIBEE PL G TE (A, =365 nm, Agn=490 nm)
Figure 2 (a) Absorption spectra of complex 1 in CH,Cl, (2X107
mol/L) solution and the PL spectra at 298 and 77 K in solid state (1gx=
365 nm); (b) transient PL decay spectra at 298 K for complex 1 (Agx=365
nm, Ag, =490 nm)

#£2 298 K FEARLFEAY) 1 FES K BEE R

Table 2 Photophysical data for ligand (L) and complex 1 in solid state
at298 K
298 K
Compoun d Amax/ Dp/ D’/ Drppr’/ 5/ TrADF/
nm % % % ns us
L 490 17.3 17.0 0.3 106.0 32724
1 490 43.8 5.2 38.6 23.0 503.9

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“The fluorescence (@) and TADF (@rapr) portions (%) estimated from tran-

sient PL decay curves and ®p.
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SERES, MECADUA RS A e, DR B i B R S 1
B 18] 3 FF 58 HE 6 1S AR RERS A 5 k. AR HE 298 K Tk
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nm)

Figure 3  (a) Time-resolved PL spectra of complex 1 in different time ranges at 298 K (Agx=365 nm, Ag, =490 nm); (b) time-resolved PL spectra of

complex 1 in different time ranges at 77 K (Agx =365 nm, Agm» =530 nm)

99 o4

LUMO LUMO+1

HOMO-1 HOMO

LUMO LUMO+1

B4 TRk L(ZEMEEY 1(4) HOMO—1. HOMO. LUMO H1 LUMO+1 BT %4 i
Figure4 HOMO—1, HOMO, LUMO and LUMO+ 1 electron cloud distribution of ligand L (left) and complex 1 (right)
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B, BRI ol i AL = A AR R PR 2k
IR E A I R G, (G E HEAAROMEEY 1 1
HOMO REZ N —5.37 eV F1—5.30 eV.
25 #HiaEM

G MR R A R BB R AR, Rk, FRAT
XTECAR(LMEC S 1 i 7 RE W R 7t 7 K e
PE. MTF AT, B CE TS 60 C N TR
12 h, #RJ57E METTLER TOLEDO TGA/DSC 1 STAR® |
HEATFE S A AT (TGA) A £ 7R H1 4 B #E(DSC) 4
M, BAFIAGEZE N 10 C/min. FT {5 HE dh 2k in 32
FeE R S2 Frvr. BUARL)FMERAY 1 B RIGFrI#d
SEME, HIIMRIRFE(95% (W) 465 ‘CAHl 368 °C.

3 g

ATAE, SIB-E BT — b S A O
) D-A BEAR®L), HHl& T ETFE AgDELHE D
Ag(L)(POP)(BFs) (1). =i F, MARML)MECEY) 1 [k
R RZIIZO KRGS, S EE R 490 nm, 537
N 3272.4 pus A1 503.9 ps, PLQY 4 17.3%H1 43.8%. #£K
HEW KA T, A1 7 dr SECAR(L)AR B
RARRL. RN, BEAY 1 RN FREE T RIS E i LK
T IR Y, HER TN 200 TADF F#ik.

4 SLIGERSY
41 WRFIEMRLEE

A TAE A 27 S0 R 3 T B 4 M 4l 8
3R TR 4% AR 7 VE TR S A A2 3 R A B
Bruker-BioSpin | Z$& it (1) 51525 AVANCE 111 400 M
B LR ILRVE A JEOL | 2 (L2454 ECZ600R
1) 600 M FAZMEILHRE SIS, b DL R
(DMSO)#1 CDCls A, LAY F B A8 (TMS) 9 A .
X Elementar Vario EL TIJGCE At B br o 18847
TCERAHTIE. EAMNROEE B Perkin Elmer 2 7] 3244t
f)75 4 Lambda 365 () UV/VIS A] W2 66 B - I4S,
DL SR BN , RN 2X 1075 mol/L. YUk 6k
1 Edinbrugh Instruments 2 & #2455 5 FLS1000

490  http://sioc-journal.cn

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

B AT AR BRSO SN . ek LE
T %2 H Edinbrugh Instruments 23 & $2 4t (1 45 F1 4
BRI TG EAL (LS A FLS1000) 52, FITidk (3R ik
KON H R AR B, BESOGiE /2 1 Edinbrugh Instru-
ments 2 & $EAEHIT S FLS1000 IR AMIL 4L ads
B A A 52 . HE A A (<50 us) ISR LR N
EPL-375 BOtH, KEMEUICFE AT, [ 5
KN Edinbrugh Instruments 28 & #& LA 5N
LP980 [0 G N F e e i A e, SR 6T A OPO ¥
4.2 BAFEMRMIR

AR TAEH KA CHII604E Fi AL 2 T A% il 6 e A (L)
A 1 AR S5V T AT D5 PR 22 ith 2 0 3
H.OCRH AR R, A 3k B Oy T AR Ak,
Ag/AgNO; NS L E, 22 k. Fr A
FIR SR, FESIREEDN 2 mmol/L, SCRFHLAR
0.1 mol/L WV T H B, — /RPN WNARIR,
EE AR F AT, HR#EEA 100 mV/s.
4.3 HAFMRMR

ATAERRHAEREY -T2 Ar 4R
TGA/DSC 1 STARe {XZX BLAR(L)MELA Y 1 AT R
3R, MRIEEEVE N 30~800 C, FHEHEFR N 10 T/
min, WA AL RRFR AT,
4.4 GG

ATAEH KA Rigaku 2 al#24E1 4154 Synergy
Custom (Metal Jet) 175 2% 4 J& W8 59 DU 5 dit AT 5 SO0 i
ELABCEY) 1 BEAT 5 M S50 AT S 20 1k
2. AR R B B T SHELXL-97 27 #EAT il b,
AT AEEJR 1B Fourier & M Z{E T3 FE R EUE
1E, SR 7 AR AR 22 AE 5% R R S A Lo BT 3R
3. A AEEUEFAbR . ) e R B R T A A
B B 25 1o [A) 3L P TR T4 e/ s — 3RIEAS IE R RSK.
45 IBpHHE

RS H58 F GAUSSIAN 09 B, 25572 ok 7
1 (DFT) A1 & I %5 B 2 ek B 48 (TD-DFT) i 5 ) K H
FBEO 72 . J 46 I N 5085 2 . dh 25 i i, Horr Cs
H.N.P.O ¥R 6-31G*34, Ag K/ LANL2DZ
TR, 7T A5 T T A EUTE 3 A B R Gaussian F2
BB AL B GaussView FEE(T 8. Multiwfn
3.8_dev TR B9 FH R A 431 BB 153 73 i
46 BLIABIERK
4.6.1 9-(2-18-5-A K H)-3,6- = F A A -9H-"F o 69 5 A%

ERAAGE, K 3,6- -4 IE-9H-HM:(10 mmol,
227 g) 1-1R-2,4- %K (12 mmol, 2.32 g). FRERH(15
mmol, 4.89 g)INAZF] 250 mL [ schleck S, SRJE A
50 mL ) N,N-—HEE CBE G W, KRS AE 150 CF
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PR 12 h, AHIBIER G, AEME KM & H
PEREH =k, AN T KB BRAH T4, Ak, 153
B PR .

4.6.2 9-(2-i8-5-(3-(rR-2- )1 H-mtod-1- ) K 55)-3,6-
W A K -9H-F

ERAAAT, B LIRS ORI 2-(1H-IE -
3-ZE)IEAE (10 mmol, 1.45 g). BRER%A(10 mmol, 4.35 g)lin
AZE] 100 mL ) schleck JiH, A5 MA 30 mL [ N,N-
TR AR, HIREWAE 150 C TR 12
h, AHBI=)G, FEAE SRR SRR =R,
BHATIMA T KRB T4, 1k, 538 aREE2.36
g, 45%).

463 9-(4-(4,6-=F #-135 ="%-2-%)-4-(3-(H"T-2-
A)-1H-stto-1-45)-[1,1- B 3R ]-2- )-3,6- = F A A-9H-"F
(L)

HERASAE, 120 CTF T4 1 h ) schleck Jif
I 9-(2-¥R-5-(3-(M e -2- 2% )- 1 H-MHE k-1 -8 ) 2R 28)-3,6-
O -9H- M (4 mmol, 2.1 g). 24- K HE-6-
[4-(4,4,5,5- DY R -1,3.2- 2 5 4% BRI B e -2- 3k ) 2R
H£1-1,3,5-=H4(4.2 mmol, 1.83 g). PU(=ZEHEMHE)4E(0.2
mmol, 0.23 g). BERHH(8 mmol, 1.1 g)F1 40 mL T 1) /Y
PRI, $iFE S min 5, IIABRAEMERT/K3 mL, 7£
85 C RN 12 h, AHBIEIR)G, JlIE M 257,
A, BEIFEGOEAQR1 g 76%). 'H NMR (600
MHz, DMSO-ds) J: 8.84 (d, J=3.8 Hz, 1H), 8.67 (d, J=
7.6 Hz, 4H), 8.63 (s, 1H), 8.45 (d, J=7.6 Hz, 2H), 8.35 (d,
J=8.4 Hz, 1H), 8.19 (s, 1H), 8.09 (d, J=7.8 Hz, 1H), 8.00
(d, J=8.1 Hz, 1H), 7.86 (d, J=8.5 Hz, 1H), 7.76 (d, J=
3.1 Hz, 2H), 7.69 (t, J=7.4 Hz, 2H), 7.61 (t, J=7.7 Hz,
4H), 7.37 (dd, J=12.7, 6.9 Hz, 3H), 7.16 (d, J=3.4 Hz,
1H), 7.11 (dd, J=9.3, 3.1 Hz, 2H), 6.94 (dd, J=8.6, 3.2
Hz, 2H), 3.82 (d, J=3.1 Hz, 6H). 3C NMR (101 MHz,
Chloroform-d) d: 171.59, 171.05, 154.06, 153.83, 151.72,
149.51, 142.27, 140.83, 138.21, 136.87, 136.60, 136.58,
136.23, 135.29, 132.70, 132.60, 129.12, 129.02, 128.71,
128.35, 128.09, 123.71, 123.09, 120.62, 120.27, 118.84,
115.36, 110.85, 107.32, 103.07, 56.09. Anal. calcd for
C49H35N70,: C 78.07, H 4.68, N 13.01; found C 77.71, H
4.76,N 13.02.

47 BEVIRER

£ E R FF 0.1 mmol [Ag(CH:CN)](BFy)5 0.1
mmol X (2- = 7K B Jj 2R ) K (POP) IR &, I 5 mL
CHxCl, $ii#: 30 min, #R/5MIA 0.1 mmol Aok, =il T
FRELBERE 1 h PSR I IETS BB AW, A5 2%
BINATCK S, FEZ)—AEIARITARIEEY 11
i ik(67%, 99.6 mg). '"H NMR (600 MHz, DMSO-d;) J:
8.84 (d, J=2.6 Hz, 1H), 8.71~8.63 (m, 5H), 8.44 (d, J=
8.1 Hz, 2H), 8.29 (dd, J=8.5, 2.4 Hz, 1H), 8.14 (d, J=2.4
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Hz, 1H), 8.11 (d, J=7.9 Hz, 1H), 7.90 (t, J/=7.7 Hz, 1H),
7.75 (d, J=2.6 Hz, 3H), 7.70~7.66 (m, 2H), 7.60 (t, J=
7.6 Hz, 4H), 7.47 (dt, J=14.8, 7.2 Hz, 12H), 7.41 (dd, J=
74,49 Hz, 1H), 7.37 (q, J=6.3 Hz, 8H), 7.32~7.27 (m,
4H), 7.23 (d, J=2.5 Hz, 1H), 7.10 (t, J=7.5 Hz, 2H), 7.05
(d, J=8.9 Hz, 2H), 6.93 (dd, /=38.8, 2.6 Hz, 2H), 6.85 (d,
J=28.0 Hz, 2H), 6.76 (dt, J/=38.1, 3.9 Hz, 2H), 3.81(s, 6H).
Anal. caled for CssHezAgBFsN;03P2: C 68.65, H 4.27, N
6.59; found C 68.40, H 4.33, N 6.65.
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