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Abstract: This study mainly focused on the effect of substituting —CH,—CH,— with —SiMe,—SiMe,— or —
CH,—SiMe,— on the coordination ability of 15-crown-5 with Li* based on density functional theory calculations.
The results show that Si doping can not only lead to increased size of crown ethers, but can also effectively regulate
the coordination ability of crown ethers with Li* by tuning the doping level and position. Atoms in molecules (AIM)
analysis of electron density and symmetry-adapted perturbation theory (SAPT) energy decomposition analysis indi-
cate that the interactions between the intrinsic/Si-doped crown ethers and Li" are essentially ion-dipole interactions,
accompanied by slight orbital polarization and electron transfer. Since the electrons of Si are polarized more easily
by O and Li" than those of carbon atoms, Si doping can thus enhance the electrostatic and induction interactions be-
tween crown ethers and Li". However, natural population analysis demonstrates that if the Si doping introduces Si—
O—Si structures into the crown ethers, it could prevent O from fully polarizing the electrons of Si, and results in a

closer distance between positively charged Si and Li*, thereby impeding the coordination of crown ethers with Li".
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Fig.1 DFT optimized geometric structures of 15-crown-5 before and after coordination
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Table 1 Geometrical parameters of free crown ethers and crown-Li* complexes®
Bond length® / nm Bond angle® / (%)
System
C—C Si—Si C—0 Si—O0  O1—Li 02—Li O03—Li 04—Li O0O5—Li C—0—C C—0—Si Si—0—S=i

L 0.1515 — 0.140 6 — — — — — — 115.3 — —
L-Li* 0.1509 — 0.141 8 — 0.2090 0.2250 0.2195 0.2195 0.2250 114.8 — —
L3¢ 0.1516 — 0.1408 0.168 6 — — — — — 115.3 130.6 —
L3C-Li* 0.1514 — 0.1422 0.1710 0.2040 0.2117 0.2121 0.2053 0.2200 1159 126.1 —
L3 0.1518 0.2341 0.1408 0.169 1 — — — — — 1153 126.5 —
L3-Li* 0.1517 02343 0.1421 0.1727 0.2177 0.2002 0.2134 0.2018 0.2052 116.4 125.5 —
[25-0 0.1516 02342 0.1406 0.1685 — — — — — 114.4 126.3 142.2
L20Li* 0.1521 0.2349 0.1420 0.1722 0.2023 0.2007 0.2132 0.2023 0.2146 117.4 125.1 136.8
L2 0.1518 0.2342 0.1409 0.1690 — — — — — 114.4 126.3 —
LMLt 01523 0.2356  0.1421 0.1724 02027 0.1996 02018 0.2128 0.2045 117.6 126.0 —
L350 0.1515 0.2347 0.1406 0.1683 — — — — — 114.8 125.6 143.3
L30Li* 0.1518 0.2362 0.1419 0.1715 0.1972 0.1927 0.3822 0.1934 0.1937 116.1 127.0 133.2
[s-om 0.1519 0.2347 0.1409 0.1685 — — — — — — 124.7 —
[PSOM_Lis 0.1519 02363 0.1425 01711 0.1933 0.1912 04037 0.1912 0.1933 — 125.6 —
L 0.1520 0.2350 0.1408 0.1679 — — — — — — 127.7 146.9
LASLit 0.1523 02356 0.1427 0.1712 0.1946 0.1933 03508 0.1929 0.2035 — 124.9 134.2
LS — 0.2353 — 0.167 8 — — — — — — — 142.1
LSLit — 0.236 1 — 0.1709 0.1967 0.1951 0.3425 0.1926 0.4055 — — 126.9

 Calculated at the B3LYP-D3(BJ)/Def2-SVP level; * C—C, Si—Si, C—0 and Si—O0 in the bond length part are the average bond

lengths of the corresponding chemical bonds on the crown ether ring, and On—Li* (n=1, 2, 3, 4, 5) is the distance between the correspond-

ing numbered O and Li*; © C—0—C, C—0—Si and Si—0—Si in the bond angle part are the average bond angles of the C—0—C, C—

0—Si and Si—O0—Si units, where only the O coordinated with Li* is taken into consideration, and the O uncoordinated with Li* is not in-

cluded in the statistical range.
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Table 2 Topological electron density properties at BCP of O—Li* coordination bond*

System Bond plau. Vp [ au. H/au. /K
L-Lit 01—Li* 0.018 8 0.1197 0.005 4 0.780
02—Li* 0.013 1 0.078 1 0.003 2 0.804
03—Li* 0.014 9 0.0892 0.003 7 0.796
04—Li* 0.0149 0.0892 0.003 7 0.796
05—Li* 0.013 1 0.078 2 0.003 2 0.804
LSC-Li* 01—Li* 0.0217 0.141 6 0.006 5 0.775
02—Li* 0.018 4 0.1137 0.004 8 0.796
03—Li* 0.018 1 0.1116 0.004 7 0.796
04—Li* 0.021 8 0.136 3 0.006 0 0.787
05—Li* 0.0150 0.0892 0.003 6 0.808
LSLit 01—Li* 0.0159 0.095 0 0.003 8 0.809
02—Li* 0.024 4 0.1612 0.007 4 0.772
03—Li* 0.017'5 0.109 0 0.004 6 0.797
04—Li* 0.0239 0.153 1 0.006 8 0.783
05—Li* 0.0217 0.136 7 0.006 0 0.787
250+ 01—Li* 0.0235 0.148 0 0.006 4 0.788
02—Li* 0.024 5 0.158 6 0.007 1 0.782
03—Li* 0.0179 0.108 7 0.004 5 0.802
04—Li* 0.0235 0.1512 0.006 7 0.781
05—Li* 0.017 1 0.103 8 0.004 2 0.806
L25VL i 01—Li* 0.023 4 0.148 5 0.006 5 0.788
02—Li* 0.024 8 0.164 3 0.007 5 0.777
03—Li* 0.023 3 0.1524 0.006 9 0.779
04—Li* 0.018 1 0.109 8 0.004 5 0.804
05—Li* 0.0222 0.140 1 0.006 1 0.789
L3S0+ 01—Li* 0.0270 0.1762 0.007 9 0.782
02—Li* 0.030 2 0.204 6 0.009 5 0.775
03—Li* — — — —
04—Li* 0.028 5 0.200 8 0.009 9 0.757
05—Li* 0.029 4 0.201 3 0.009 4 0.770
LSO+ 01—Li* 0.0297 0.203 9 0.009 5 0.769
02—Li* 0.0317 0.218 0 0.0102 0.770
03—Li* — — — —
04—Li* 0.0317 0.218 0 0.0102 0.770
05—Li* 0.029 6 0.2037 0.009 5 0.771
L4 Lt 01—Li* 0.0290 0.1939 0.008 9 0.775
02—Li* 0.029 6 0.201 9 0.009 5 0.766
03—Li* — — — —
04—Li* 0.029 9 0.2032 0.009 4 0.771

05—Li* 0.022 8 0.144 1 0.006 2 0.792
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LS-Lit 01—Li* 0.027 3 0.1774 0.008 0 0.780
02—Ti* 0.028 5 0.186 4 0.008 5 0.780
03—Li* — — — —
04—Li* 0.030 5 0.204 5 0.009 4 0.775
05—Li* — — — —

* Wave functions used for the AIM topological analysis were calculated at the B3LYP-D3(BJ)/Def2-SVP level.
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Table 3 Crown-Li" interaction energies and energy decompositions*

System E,. [ (kJ+mol™) E ./ (kJ+mol™) E,i/ (kJ+mol™) E, ./ (kJ-mol™) Ey ! (kI-mol™)  E,  /(kJ-mol™)
L-Li* -497.42 -390.66 -152.19 48.15 -2.72 59.65
LSC-Lit -526.35 -418.13 -179.03 74.65 -3.85 100.19
L3-Li* -538.80 -425.69 -192.15 87.19 -4.39 84.23
L2550 Li* -540.98 -416.45 -215.56 96.01 -4.97 98.10
L25M i+ -560.20 -441.41 -214.35 100.65 =-5.10 96.98
L3SOLi* -524.13 -415.95 -232.83 130.46 =5.77 92.88
[3S-OM_T i+ -533.45 -454.12 -215.02 136.85 -1.17 77.83
L*iLi* -531.82 -413.86 -239.47 127.32 -5.81 79.42
L3SLi* -481.62 -360.36 —224.34 104.12 -1.05 81.34

* E,, and E,, were calculated at the B3LYP-D3(B])/Def2-TZVP level; E;, was decomposed into E,, E, , E,, and E;  at the

sSAPTO0/Jun-cc-pVDZ level, by calculating the proportion of each term.
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*4 TBE-LIBSYH NPA
Table4 NPA of crown-Li* complex*

Atom L-Li* [SC-Li* LS-Li* [2S-0-Li LS L3SH0_Lj+ [3S-OM_T i+ LASLit L3S-Lit
Li* 0.866 0.861 0.855 0.855 0.869 0.889 0.885 0.890 0.896
O(total) -3.305 -3.624 -3.920 -4.518 -4.528 -5.153 -5.178 -5.766 -6.320
01 -0.677 -0.676 -0.962 -1.270 -0.966 -1.277 -0.987 -0.984 -1.283
02 -0.653 -0.660 -0.673 -0.962 -0.975 -1.282 -0.985 -0.982 —-1.285
03 -0.661 -0.659 -0.655 -0.666 -0.970 -0.921 -1.234 -1.239 -1.233
04 -0.661 -0.663 -0.661 -0.649 -0.653 -0.690 -0.985 -1.280 -1.283
05 -0.653 -0.966 -0.969 -0.971 -0.964 -0.983 -0.987 -1.281 -1.236
C -0.066 -0.068 -0.067 -0.068 -0.068 -0.062 -0.061 -0.065 —
Si — 1.959 1.475 1.481 1.479 1.481 1.488 1.483 1.479

* Wave functions used for NPA were calculated at the B3BLYP-D3(BJ)/Def2-SVP level.

3 & it

iz % B pR FLIS IR A MBIF5E T #8244 Si Xt 15-
g -SECA Litiy s o 45 R R, B 2% —SiMe,—
SiMe,—{—CH,—SiMe,—fE 45 18 K el ik 24 1 R F,
SHIB IR 3H M L) | —SiMe,—SiMe,— i IC 23 FE A%
sk O 5 Litf B A . 8 b SO 25244 F DCM ¥

FRZEAE T R Sk Ik - L TE 87 5 o5 A 38 A il BEAR AR
KB NI S B A O R E TR LY LY
LSO LSECAL LitAYRE ST b LA, L e A7 it g
J15 LAZEAR K . DCM 5 46 4 23 11l 55 T K2 B
(g 2 Al A PR CRRRE 75 A 307 A P REZE T ), HL
PR L= Si % e Tk i 1) 555 4 B B S o {2 DCM v
LSRR % A Lit i RE IR IH S T Lo AR 4



EEARE

PR LA L SiB 2L A 15-71-5 Be A LitHL I A BRE AF5E 2045

5ok Bk - Li T G 9 T (8 L 5 B2 AIML AR N o AT 45
DL R oet fik - Lit A0 B AR FH RE BE it o 4 1L, AT R 30
A TAE B 58 19 9 Fh ek ik 5 Lin9 A B4R FHAS B 1y
R Pt i/ BT B AR R L B 1 S - — (AR A
YEH . 4% Si Getg 3 o ek it 5 Lit 22 (8] A9 i B AH B
FE R AN S A0 B AR A, EE e fk - L B & 4 v 1Y) 5
ik P A 2 28 N ek Bk 5 Lt =2 R B A8 He B R AR
FHo NPA R, B PR 55 19 Si A SR 1 O 7% 88 T K
12 1Y i 7 —SiMe,—SiMe,— 8% —CH,—SiMe,— 1
e e ik 5 L 22 [ ) e FR A B FH ) SCEE R 2R L (LT
AP IE L Y Si 5 LT A W F L HE R 27— R
AR O X LitEf R B e . IR T4 Si
Z et ik FC A7 Lit P g T, 5 28R okt At Si—O0—
SiZEt AR, &S 8SIi S Lt IE B 48 ), i
flisiFErm ey Lite a4 UL Erysrtr, AN
S BAT B LAY 4 B TR R 1Y) Si 2% ek ik | Ly
FEER BT 75 ZEBAG LT 2 AN H0 0] - — J2 i e ok 2R
) RST 5 H bR B AR VT E § 2 St kit O e ik 24 Y
H P Si—O0—Si BT,

AT AE NS HLEE)Z YRR T 48 2% —SiMe,—
SiMe,—% 7 fik FiC A7 4 J 25— fig 1 i P LR [ e
XF #5842 —CH,—SiMe,— [} Rk S5 M HEAT TR LI
PE T Si A4 e Bk o3 A5 R T TR 2 AR AL, XoF
B4 Si AT e Bk () S5 R, LA PLSIfE &
W5 &R E M EAE VR T —E i
i S Ao FE I

SE Lk

[1] Dong G C, Duan K F, Zhang Q, Liu Z Z. A New Colorimetric and Flu-
orescent Chemosensor Based on Schiff Base-Phenyl-Crown Ether for
Selective Detection of AI** and Fe**. Inorg. Chim. Acta, 2019,487:322
-330

[2]Sun Y, Zhu M Y, Yao Y L, Wang H W, Tong B H, Zhao Z. A Novel
Approach for the Selective Extraction of Li* from the Leaching Solu-
tion of Spent Lithium-Ton Batteries Using Benzo-15-Crown-5 Ether
as Extractant. Sep. Purif. Technol., 2020,237:116325-116332

[3] 2 i 82, BhSCHs, WPk, W2, e . 4 ) A HUE 2S00 T
Cr(VIV B~ 19 052 B 2 B AR 5% 0 78 . Ak 5 5 3R, 2021,37(3):385-
400
LI R X, ZHONG W B, XIE L H, XIE Y B, LI J R. Recent Advances
in Adsorptive Removal of Cr(V) Tons by Metal -Organic Frameworks.
Chinese J. Inorg. Chem., 2021,37(3):385-400

(4] FEX, 5K e, ERTR, T, B, 4,13- 2% A TF-18-7-6 1)
BB Ag R B AL . 3 4 A SR, 2018,39(6):1191
-1196

TIAN H, ZHANG M L, WANG L S, TONG B H, ZHAO Z. Synthesis
of 4,13-Dithio Benzene and-18-Crown-6 and Its Selective Extractabil-
ity on Ag*. Chem. J. Chinese Universities, 2018,39(6):1191-1196

(5] 2, WoHE, BN, TR, SR . BT 2,3-28-18- -6 ST Y 3L
B 03 X G2 B T I DEOGH AR . RALAL S 4R, 2009,25(12):
2182-2188
MIAO Q, HUANG H, HUANG X B, XU Y, CHENG Y X. A Fluores-
cent Chemosensor for Metal lons Based on the Conjugated Polymer
Containing 2,3-Naphtho-18-Crown-6. Chinese J. Inorg. Chem., 2009,
25(12):2182-2188

[6] Ratch J S, Chivers T. Silicon Analogues of Crown Ethers and
Cryptands: A New Chapter in Host-Guest Chemistry? Angew. Chem.
Int. Ed., 2007.46(25):4610-4613

[7] Ouchi M, Inoue Y, Kanzaki T, Hakushi T. Ring- Contracted Crown
Ethers: 14-Crown-5, 17-Crown-6, and Their Sila- Analogues. Drastic
Decrease in Cation-Binding Ability. Bull. Chem. Soc. Jpn., 1984,57
(3):887-888

[8] Reuter K, Thiele G, Hafner T, Uhlig F, von Hénisch C. Synthesis and
Coordination Ability of a Partially Silicon Based Crown Ether. Chem.
Commun., 2016,52(90):13265-13268

[9] Reuter K, Buchner M R, Thiele G, von Hénisch C. Stable Alkali-Metal
Complexes of Hybrid Disila-Crown Ethers. Inorg. Chem., 2016,55(9):
4441-4447

[10]Dankert F, von Hinisch C. Insights into the Coordination Ability of
Siloxanes Employing Partially Silicon Based Crown Ethers: A Com-
parative Analysis of s-Block Metal Complexes. Inorg. Chem., 2019,
58(5):3518-3526

[11]Dankert F, Donsbach C, Rienmiiller J, Richter R M, von Hiinisch C.
Alkaline Earth Metal Template (Cross -)Coupling Reactions with
Hybrid Disila-Crown Ether Analogues. Chem. Eur. J., 2019,25(69):
15934-15943

(12080, BOR B, MRk, SR, BOEl, 2 . BT 9 Bz R B o
B REIC S I 25 R I 2= 580 S B AL F 3R, 2016,32(7):
1681-1690
ZHAO Y, AO Y Y, CHEN J, SONG H'T, HUANG W, PENG J. Den-
sity Functional Theory Studies of the Structures and Thermodynamic
Parameters of Li*-Crown Ether Complexes. Acta Phys.-Chem. Sin.,
2016,32(7):1681-1690

[13]Nametkin N S, Islamov T K, Gusel'nikov L E, Sobtsov A A, Vdovin
V M. Gas-Phase Thermal Conversion in a Series of Cyclocarbosilox-
anes. Russ. Chem. Bull., 1971,20(1):76-79

[14]Nametkin N S, Islamov T Kh, Gusel'nikov L E, Vdovin V M. Cyclo-
carbosiloxanes. Russ. Chem. Rev., 1972,41(2):111-130

[15]Stephens P J, Devlin F J, Chabalowski C F, Frisch M J. Ab Initio
Calculation of Vibrational Absorption and Circular Dichroism Spec-
tra Using Density Functional Force Fields. J. Phys. Chem., 1994,98
(45):11623-1627

[16]Grimme S, Ehrlich S, Goerigk L. Effect of the Damping Function in
Dispersion Corrected Density Functional Theory. J. Comput. Chem.,
2011,32(7):1456-1465

[17]Weigend F, Ahlrichs R. Balanced Basis Sets of Split Valence, Triple



2046 TG ML 4k

¥ 374

Zeta Valence and Quadruple Zeta Valence Quality for H to Rn:
Design and Assessment of Accuracy. Phys. Chem. Chem. Phys.,
2005,7(18):3297-3305

[18]Weigend F. Accurate Coulomb-Fitting Basis Sets for H to Rn. Phys.
Chem. Chem. Phys., 2006,8(9):1057-1065

[19]Reed A E, Weinstock R B, Weinhold F. Natural Population Analy-
sis. J. Chem. Phys., 1985,83(2):735-746

[20]Lu T, Chen F W. Multiwfn: A Multifunctional Wavefunction Analyzer.
J. Comput. Chem., 2012,33(5):580-592

[21]Bader R W F. Atoms in Molecules: A Quantum Theory. New York:
Oxford University Press, 1990:16-22

[22]Boys S F, Bernardi F. The Calculation of Small Molecular Interac-
tions by the Differences of Separate Total Energies-Some Procedures
with Reduced Errors. Mol. Phys., 1970,19(4):553-556

[23]Marenich A V, Cramer C J, Truhlar D G. Universal Solvation Model
Based on Solute Electron Density and on a Continuum Model of the
Solvent Defined by the Bulk Dielectric Constant and Atomic Surface
Tensions. J. Phys. Chem. B, 2009,113(18):6378-6396

[24]Zhao Y, Schultz N E, Truhlar D G. Design of Density Functionals by
Combining the Method of Constraint Satisfaction with Parametriza-
tion for Thermochemistry, Thermochemical Kinetics, and Noncova-
lent Interactions. J. Chem. Theory Comput., 2006,2(2):364-382

[25]Petersson G A, Bennett A, Tensfeldt T G, Al-Laham M A, Shirley W
A, Mantzaris J. A Complete Basis Set Model Chemistry. I . The
Total Energies of Closed-Shell Atoms and Hydrides of the First-Row
Elements. J. Chem. Phys., 1988.89(4):2193-2218

[26]Petersson G A, Al-Laham M A. A Complete Basis Set Model Chemistry.
Il . Open -Shell Systems and the Total Energies of the First-Row
Atoms. J. Chem. Phys., 1991,94(9):6081-6090

[27]Ho J, Klamt A, Coote M L. Comment on the Correct Use of Continuum
Solvent Models. J. Phys. Chem. A, 2010,114(51):13442-13444

[28]Parrish R M, Burns L. A, Smith D G A, Simmonett A C, DePrince A
E, Hohenstein E G, Bozkaya U, Sokolov A Y, Remigio R D, Richard
R M, Gonthier J F, James A M, McAlexander H R, Kumar A, Saitow
M, Wang X, Pritchard B P, Verma P, Schaefer H F, Patkowski K,
King R A, Valeev E F, Evangelista F' A, Turney J M, Crawford T D,
Sherrill C D. Psi4 1.1: An Open-Source Electronic Structure Pro-
gram Emphasizing Automation, Advanced Libraries, and Interopera-
bility. J. Chem. Theory Comput., 2017,13(7):3185-3197

[29)Jeziorski B, Moszynski R, Szalewicz K. Perturbation Theory Approach
to Intermolecular Potential Energy Surfaces of van der Waals Com-
plexes. Chem. Rev., 1994,94(7):1887-1930

[30]Dunning T H. Gaussian Basis Sets for Use in Correlated Molecular
Calculations. | . The Atoms Boron through Neon and Hydrogen. J.
Chem. Phys., 1989,90(2):1007-1023

[31]Dunning T H, Peterson K A, Wilson A K. Gaussian Basis Sets for

Use in Correlated Molecular Calculations. X . The Atoms Aluminum

through Argon Revisited. J. Chem. Phys., 2001,114(21):9244-9253

[32]Feller D. The Role of Databases in Support of Computational Chem-
istry Calculations. J. Comput. Chem., 1996,17(13):1571-1586

[33]Papajak E, Truhlar D G. Convergent Partially Augmented Basis Sets
for Post - Hartree - Fock Calculations of Molecular Properties and
Reaction Barrier Heights. J. Chem. Theory Comput., 2011,7(1):10-18

[34]Schuchardt K L, Didier B T, Elsethagen T, Sun L S, Gurumoorthi V,
Chase J, Li J, Windus T L. Basis Set Exchange: A Community Data-
base for Computational Sciences. J. Chem. Inf. Model., 2007,47(3):
1045-1052

[35]Woon D E, Dunning T H. Gaussian Basis Sets for Use in Correlated
Molecular Calculations. Ill. The Atoms Aluminum through Argon. J.
Chem. Phys., 1993,98(2):1358-1371

[36]Parker T M, Burns L. A, Parrish R M, Ryno A G, Sherrill C D. Levels
of Symmetry Adapted Perturbation Theory (SAPT). 1 . Efficiency
and Performance for Interaction Energies. J. Chem. Phys., 2014,140
(9):094106-1-094106-16

[37]Boulatov R, Du B, Meyers E A, Shore S G. Two Novel Lithium-15-
Crown-5 Complexes: An Extended LiCl Chain Stabilized by Crown
Ether and a Dimeric Complex Stabilized by Hydrogen Bonding with
Water. Inorg. Chem., 1999,38(20):4554-4558

[38]Cordero B, Gémez V, Platero - Prats A E, Revés M, Echeverria J,
Cremades E, Barragan F, Alvarez S. Covalent Radii Revisited.
Dalton Trans., 2008(21):2832-2838

[39]Shannon R D. Revised Effective Tonic Radii and Systematic Studies
of Interatomic Distances in Halides and Chalcogenides. Acta Crystal-
logr. Sect. A, 1976,A32(5):751-767

[40]Guo X J, Zhu Y D, Wei M J, Wu X M, Lii L. H, Lu X H. Theoretical
Study of Hydration Effects on the Selectivity of 18-Crown-6 Between
K* and Na*. Chinese J. Chem. Eng., 2011,19(2):212-216

[41]Cremer D, Kraka E. A Description of the Chemical Bond in Terms of
Local Properties of Electron Density and Energy. Croat. Chem. Acta,
1985,57(6):1259-1281

[42]Vener MV, Manaev A V, Egorova A N, Tsirelson V G. QTAIM
Study of Strong H-Bonds with the O—H---A Fragment (A=0, N) in
Three-Dimensional Periodical Crystals. J. Phys. Chem. A, 2007,111
(6):1155-1162

[43]Espinosa E, Alkorta I, Elguero J, Molins E. From Weak to Strong
interactions: A Comprehensive Analysis of the Topological and Ener-
getic Properties of the Electron Density Distribution Involving X—
H---F—Y Systems. J. Chem. Phys., 2002,117(12):5529-5542

[44]Cameron T S, Decken A, Krossing I, Passmore J, Rautiainen J M,
Wang X P, Zeng X Q. Reactions of a Cyclodimethylsiloxane (Me,SiO),
with Silver Salts of Weakly Coordinating Anions; Crystal Structures
of [Ag(Me,Si0),] [AT] (A1 = [FAI{OC(CF,)), ) [AI[OC(CF,),),]) and
Their Comparison with [Ag(18 - Crown - 6)],[SbF¢],. Inorg. Chem.,
2013,52(6):3113-3126



