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Design, Synthesis, Electrochemical Activity and Multiphoton
Absorption of Ferrocenyl Diketone Zn(I) Complex

XIE Qing-Yuan' LI Dan' LI Dan-Dan' LI Sheng-Li'
WU Jie-Ying' ZHANG Qiong™'* TIAN Yu-Peng™'?
('Key Laboratory of Functional Inorganic Materials Chemistry of Anhui Province,
Department of Chemistry, Anhui University, Hefei 230601, China)
(*State Key Laboratory of Coordination Chemistry, Nanjing University, Nanjing 210023, China)

Abstract: A functional ferrocenyl ligand (L) with D-A configuration and its complex (NHEt,)[ZnL,] were synthe-
sized. Single crystal analysis shows that the ferrocene diketone loses a proton to coordinate with Zn*, which finally
gives the negative monovalent ferrocene diketo Zn(Il) complex. The results from electrochemical cyclic voltammetry
and IR in situ revealed that (NHEL,)[Zn(L),] went through two-step oxidation and one-step reduction process. As the
potential increased during the oxidation process, one ferrocene (Fc) unit was oxidized to Fc*, forming a D-A asym-
metric structure mode. Along with the oxidation continued, the other Fc units were also oxidized. The three Fc* with
Zn** still formed the D-A structure mode, and finally the Fc* was reduced to Fc in one step. Theoretical calculation
result shows that the complex is prone to exist high degree of electron delocalization. The experiment results from
nonlinear optical property determinations show that the complex has a larger two/three-photon absorption cross sec-

tions and third-order nonlinear optical susceptibility in near IR region. CCDC: 2070926, L; 2070927, (NHEL,)[Zn(L),].
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A :324.07, 524H : 323.06[M-H] . IR(KBr,cm™):
3 415(s),3 093(s), 1 654(s), 1 597(s), 1 478(m), 1 302
(5), 1 192(s), 1 147(s), 1 001(s), 823(m), 678(m), 510
(m). 'H NMR(400 MHz, CD,COCD,): 6 6.21(s, 1H),
4.96(s, 2H), 4.66(s, 2H), 4.24(s, SH), JT & 4> M1 %
C,H, F.FeO, 1931518 (%): C 51.89, H 3.42; SN {E
(%):C 51.78 ,H 3.39,
122 BAYI(NHEL) Zn(L),|H95 B

FREL1.037 0 g(3.2 mmol) — 75 4k XUHR Bt 4 1. A1
0.496 4 ¢(4.90 mmol) — Z J& ¥ 20 mL H B P
IRHEFE 10 min, FRHEL0.219 4 g(1.0 mmol) Zn(OAc),-
2H,0 % F 30 mL H B rp 32830 0 A B Lk = 2 s
W, IR 2 he WA, g AR R B AR
f 0.35 g(0.34 mmol), 7 % 68%. m.p. 476~480 K.
IR(KBr, em™): 3 423(w), 2 930(w), 1 609(s), 1 529(s),
1 438(s), 1 378(s), 1 294(s), 1 132(s), 1 092(m), 1 029
(m),941(m), 826(m), 790(m), 674(m), 500(s). 'H NMR
(400 MHz, CDCL,):6 5.93(s,3H),4.79(t, J=2.0 Hz,6H),
4.44(1,J=2.0 Hz,6H),4.20(s,15H),3.06(d, J=8.6 Hz,6H),
1.19(t,J=7.2 Hz,9H). JCE /3 H1#% C, H,FFe;,NOZn
(313548 (%) : € 50.71, H 4.08, N 1.23; S (%) C
51.01,H 4.083,N 0.991.,
1.2.3 LB B0 X ST EATT 55 #
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nm) AT BECHE WO E R FH 2 HH ik .
545 48 IR R R A S R Olex 2P
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[Zn(L),](0.210 mmx0.200 mmx0.200 mm) 47 B i
S M. AT B TE Stoe Stadivari X 5 £k A7 51X
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0.154 186 nm) W FEAT 5 BHE , R HH w-260 41 7 =Xl
ERTHT B . 8 FH Olex 2 F1 ShelXT F42 5 Xif 45 #) 1
TTHEAT , (i Shel XL XTE5FKG 18 . SR T MBS
A RIVEURF R0 B LA R AL A 3

CCDC:2070926,1.;2070927 , (NHEL,)[Zn(L),]
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T IE % 9 C—0 B4 (0.142 nm) Fl C=0 X4 (0.120
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Fig.2 (a) Molecular structure of L showing 30% probability displacement ellipsoids (all hydrogen atoms are omitted for clarity);

(b) Three-dimensional structure of L containing intermolecular hydrogen bonds (indicated by dotted lines)
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All hydrogen atoms are omitted for clarity

[E3  (NHEL)[Zn(L) A4 30% M ERAE R 5 A 25 4 15
Fig.3 Molecular structure of (NHE,)[Zn(L),] showing
30% probability displacement ellipsoids
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Znl.01,C11,C12.C13,02; P2 ¥ : Znl, 03, C25,
C26.C27.04; P3 3 : Znl,05,C39,C40, C41.06).
Horb, H o JEF 0 A B Zn—O K FE 0.205 0~
0.214 4 nm G [H , P45 4 0.209 7 nm. Bl G+

6 MR 01—C11.,02—C13,03—C25.04—C27 .
05—39. 06—C41 # K 43 %l 4 0.126 3.0.124 5.
0.126 7.0.126 3.0.125 0.,0.128 3 nm, 4 F 1% 1Y
C—O HU4#(0.142 nm) F1 C=0 X (0.120 nm)Z [d],
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P 5 I FLBC A9 1R EUEE T S KN T A il AR
(ARl S B 1 P S5 G, 10 BH LA RN 4 I 5 1 2 TR A
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i T ARt

TG M4 ik — 20 73 BT (NHEG) [ Zn(L), | 453
fiad B2, AT A R 24 B B AR — B B TR
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DL oy 4 Ja B v o0 55 00 R 1] 1) | far 5 5, 485
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W Ay 453 i — AR L £ir S 8 (MLCT), HL - = VBRI L
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LUMO+1 [ ERIE

A, (NHEL)[Zn(L), 157 T 383 nm Ab it M i 32

Ko fLaWRIRESIA: (a) L. (b) (NHEL)[Zn(L),]
Fig.6  Energy level diagram of the compounds: (a) L, (b) (NHEL,)[Zn(L),]
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Table 1 Calculated absorption spectral properties of L and (NHEt,)[Zn(L),]*
)"ll\dx / nm
Compound E/eV f Ol Character
Observed Calculated
L 339.8 307.6 4.0314 0.013 5 82(H)—84(L+1) (0.378 32) ICT
(NHEL)[Zn(L),] 5132 544.6 22767 0.0133 263(H-2)—267(L+1) (0.701 88) MLCT
384.0 395.9 3.1314 0.0102 265(H)—276(L+10) (0.245 11) MLCT/ICT

*E: excitation energy; f: oscillator strength; OI: orbitals involved in the excitation; ICT: intramolecular charge transfer; MLCT: metal-to-ligand

charge transfer.
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25 BEESEAEYHBLEER

TR L K HUREBC A 0 Y Ak 2E T, DA
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Sweep rate: 5 mV-s™!, Ceompound: 1:0 mmol-L™!' CH,CN solution,

opap: 0.1 mol- L7, reference: Ag/AgCl
K7 Fe LH(NHEL)[Zn(L),]HY CV i<k
Fig.7 CV curves of Fc, L and (NHEL)[Zn(L),]
M7 #1Z 2 AT WL, Fe L DL & (NHEL,)[Zn(L),]3%
TEO0~1.2 V Z [0 A S A A S i, AT IH 458 Fe BT Y
AR g, X H & B, LAY A AR IR U [R] Fe

M RAE T IER, RALIEIER T 0.325 V, i R IE
1 0324 V, (NHEw)[Zn(L),][F Fe A L, HAE L6
JEAY L % A W B IE A 3 (NHEL)[Zn(L), ][R LA, 48
i SRR R AR T % . X R LAI(NHEL,)[Zn(L),]
ZLLL Fe B MEBE S AL, X 7T BB S T L A1 (NHEL,)
[Zn(L),JAHES T Fe, SEPEAR R B K, FL T2 B 1S 54
TR AT 0 L 2 % B A, B AR T BRI
{H(NHEL)[Zn(L), )M Eb F LE R 5 i 4k, )F H L 2
LR AR R AT . X AT RE R TR T
S AT O T2, 48 B BRI B- LR
VA [B) 1) d-p S s (A5 C & P 1) — Sk 6 P i Fl
T BN Bo R AR

M\ (NHEL) [Zn(L),] 049 76 PR 2 th Ze A 3EF
(NHE)[Zn(L), | B A7 2 A8 AR 1A 38 IR, 454
Al RS R A AT 48 S I 5 110 34 Fe Bt kA
Ty A . (NHEW)[Zn(L), | 89 B T 55 5 HLEE A A]
DL 3E o B 3 B ] 4 B FT-IR J6 3 i 4k 2%
(RS-TRS FT-IR) 1Y 3D Y6155 2| i — 2L 56k . 4n &l
8a It 7, A LA WE 5% 3 2 A~ 32 B 21 A1 5 A W% i i
(3103.2 973 em™),3X 2 MMRAAE M I AE Fe J2 L1 Ji
(VAR S e RN iR = o Bk (W = 1 S R i = 7/ e
AL C—H Mg IR 3l , ] LRSI &)
() S8 AL FIA SR P24 . an il 8b T 7R, 2 973 em ™' 4k
()T AW UG 7 S A it A v 3 i AT O LSS 2% L 7
st AR S BT A B R E . 3103 em ' Ab
(18 W WS 0 7 AT i A P TR AR B R L SRS AR A S A

%2 Fc.LF#A(NHEt)[Zn(L),]8 CV 7+
Table 2 CV data of Fc, L and (NHEt,)[Zn(L),]*

Compound E, IV E.IV AE, IV E, !V i/ pA i/ pA i i,
Fe 0.491 0358 0.133 0.425 27.53 2352 1.17
L 0.816 0.682 0.134 0.749 26.69 19.68 1.35
(NHEL)[Zn(L)4] 0.662 0431 0.231 0.547 8.23 11.47 0.71

*E : anode peak potential, £ : cathode peak potential, AE : difference of potential, £, ,: half-wave potential, i ,: anode peak current,

i,.: cathode peak current.
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(a) 3D spectra of (NHEL,)[Zn(L),] with potential scanning rate of 5 mV +s™' (Inset: enlarged view of the dotted line);

(b) Cyclic voltammetry-absorption diagram for electrochemical reaction of (NHEt,)[Zn(L),] at 1 311 em™ (black line),

2973 cm™ (red line) and 3 103 ¢cm™ (blue line) (smoothed by fast Fourier transform smoothing algorithm)
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Fig.9 Electron transport mechanism of (NHE,)[Zn(L),]
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Fig.10 Normalized open-aperture Z-scan transmittances of L. and (NHE,)[Zn(L),] in CH,CN solution at 850 nm (a) and
1 350 nm (b), respectively; Normalized closed-aperture Z-scan transmittances of L (c) and (NHEL,)[Zn(L),] (d),

respectively, in CH,CN solution at 850 nm excitation wavelength

£3 LF(NHE)[Zn(L),1# & ¢ F R W £ 1E*
Table 3 Multi-photon absorption data of L and (NHEt,)[Zn(L),]*

Normalized open-aperture Z-scan

Compound
(ama / I Alpjmay / M B/ (cm-GM™) Vi ! (cm?- W2 o,/ GM 05/ (em®+s?+ photon~)
L 850 1350 0.015 2.51x107% 582.41  1.15x107°
(NHEL,)[Zn(L),] 850 1350 0.03 7.25%1072! 1164.83  3.30x107°
Normalized closed-aperture Z-scan
Compound
Alajmay / M Y/ (cm?- W) Re(xy?) / esu Im(?) / esu
L 850 1.1521x107 8.638 0x107* 4.625 9x10°®
(NHEL,)[Zn(L),] 850 2.6402x107" 11.87 7x1071 9.251 7x107*
* Alajmay two-photon excitation wavelength, A, three-photon excitation wavelength, B: two-photon absorption coefficient, o,: two-

photon_ effective absorption cross section, 7y, three-photon absorption coefficient, o;: three-photon effective absorption cross section, y,:
third order nonlinear refractive index, Re(y**): real part of the third-order nonlinear polarizability, Im(}**): imaginary part of the third order

nonlinear polarizability.
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Supporting information is available at http://www.wjhxxb.cn
Sk

[1] Werner H. Angew. Chem. Int. Ed., 2012,51(25):6052-6058

[2] Viciano M, Mas-marza E, Poyatos M, Sana M, Crabtree R H, Peris E.
Angew. Chem. Int. Ed., 2005,44(3):444-447

[3] Cunningham L, Bensoni A, Guiry P J. Org. Biomol. Chem., 2020,18
(46):9329-9370

[4] Klenk S, Rupf S, Suntrup L, Meer M 'V D, Sarkar B. Organometallics,
2017,36(10):2026-2035

[5] Rivas F, Medeiros A, Arce E R, Comini M, Ribeiro C M, Pavan F R,
Gambino D. J. Inorg. Biochem.,2018,187:73-84

[6] Sato S, Kajima A, Hamanaka H, Takenaka S. J. Organomet. Chem.,
2019,897:107-113

[7] Liang P P, Tang Q Y, Cai Y, Liu G Y, Si W L, Shao J J, Huang W,
Zhang Q, Dong X C. Chem. Sct., 2017.8(11):7457

[8] Drolen C, Conkln E, Hetterich S J, Krishnamurthy A, Andrade G A,
Dimeglio J L, Martin M I, Tran L K, Yap G P A, Rosenthal J, Young
E R. J. Am. Chem. Soc., 2018,140(32):10169-10178

[9]Zhu J L, Sun S, Jiang K, Wang Y H, Liu W Q, Lin H W. Biosens.
Bioelectron., 2017,97:150-156

[10]Speck J M, Korb M, Hildebrandt A, Lang H. Eur. J. Inorg. Chem.,

2019,2019(19):2419-2429

[11]Kowalsk K. Coord. Chem. Rev., 2018,366:91-108

[12]Wang X C, Li J F, Chen H P, Wu J Y, Zhou H P, Yang J X, Jin B K,
Tian Y P. Transition Met. Chem., 2007,32:551-557

[13]Zou Y, Zhang Q, Hossain AM S, Li S L, Wu ] Y, Ke W Z, Jin B K,
YangJ X, Zhang S Y, Tian Y P. J. Organomet. Chem., 2012,720:66-72

[14]Shi Y N, Xiao L ¥, Wu D J, Li F, Li D D, Zhang J, Li S L, Zhou H P,
Wu] Y, Tian Y P. J. Organomet. Chem., 2016,817:36-42

[15]0u Y P, Wang A H, Yuan A D, Yin C, Hu F. Eur. J. Inorg. Chem.,
2020,2020(10):859-867

[161ZAE e, TR, 2R3, MG . R4 T, 2015,44(11):2611-2614
AN B L, QIAO Q D, LI Q, GAO P Y. Contemporary Chemical Indus-
try, 2015,44(11):2611-2614

[17]Bhat S A, Iftikhar K. Dyes Pigm., 2020,179:108383

[18]Ukwitegetse N, Femia D, Ravinson D S M, Djurovich P I, Thompson
M E. Inorg. Chem., 2021,60(2):866-871

[19]Zhang Q, Song W L, Hossaib A M S, Liu Z D, Hu G J, Tian Y P, Wu
JY, Jin B K, Zhou H P, Yang J] X, Zhang S Y. Dalton Trans., 2011,
40(14):3510-3516

[20]Dolomanov O V, Bourhis L J, Gildea R J, Howarda J A K, Puschmann
H. J. Appl. Crystallogr., 2009,42(2):339-341

[21]Bourhis L J, Dolomanov O V, Gildea R J, Howard J A K, Puschmann
H. Acta Crystallogr. Sect. A, 2015,71(1):59-75

[22]Sheldrick G M. Acta Crystallogr. Sect. C, 2015,71(1):3-8

[23]Hu Z J, Tian X H, Zhao X H, Wang P, Zhang Q, Sun P P, Wu J Y,
Yang ] X, Tian Y P. Chem. Commun., 2011,47(46):12467-12469

[24]Woodruff R J, Marim J L, Fackler J P. Inorg. Chem., 1964,3:687

(251855 . =k 5L 3. 2012,
HUANG P. Thesis for the Doctorate of Anhui University. 2012.

[26]Hu L, Qin J, Zhou N, Meng Y F, Xu Y, Zuo J L, You X Z. Dyes
Pigm., 2012,92(3):1223-1230

[27]Saouma F O, Stoumpos C C, Wong J, Kanatzidis M G, Jang J 1. Nat.
Commun., 2017,8:742

[28]He G S, Zhu J, Baev A, Samo¢ M, Frattarelli D L, Watanabe N,
Facchetti A, Agren H, Marks T J, Prasad P N. J. Am. Chem. Soc.,
2011,133(17):6675-6680

[29]Corre D S, Boni L D, Misoguti L, Cohanoschi I, Hernandez F E,
Mendonga C R. Opt. Commun., 2007,277(2):440-445

[301FE )k . &2 K 4 436 L. 2018.
DU W. Thesis for the Doctorate of Anhui University. 2018.



