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Abstract

A six-core cluster compound Cue(CsH4NS)6, was prepared by layered a N, N-Dimethylformamide
solution of Cu(CH3C00)2'H20 on a dichloromethane solution of Dpds. The quantum chemistry cal-
culation of the complex was carried out by using the B3LYP calculation method of density func-
tional theory (DFT) and the NBO calculation method; at the same time, the research of frontier or-
bital is carried out. The results showed that the six-core copper (II) cluster complex contains six
crystallographically unique Cu (II) ions and six 2-mercapto pyridine anions. It is found that the
theoretical values are in agreement with the experimental ones, and the error is within the al-
lowable range. And the completion of theoretical calculations proved the reliability of the experi-
mental data.
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FTHCAA2,2- —fk ke (f#kDpds), RASTEY 8L, S ASEEREEALL AP Cus(CsHaNS)6. K
% B KBS (DFT) FHB3LYPHHE 5. NBOHE T EMZRE S YT’ TS TE, T T
MEHERMR. ERRE: SMNEEWESMBETF. AN2-JEMERE T, MLEHERESS
KWEERYE, REEARAFKEERN, BRHENERIER T ZRBIER TR,

E3: 45
2,2-"ERmene, RAAEY, BEZKER, B3LYP, NBOHHE
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1. 518

SIRANE WA R — PR EE RS MRL, ATEE S F A B KES R &R A
NUAEZAEAEYD, BHA T ENIRISRINGR, FERLAERETE . SRR 520 55 dEPetefeit. JEgiob %%
AU AV AE I S B EAT TR ([1] [2] [3]. Hrr SR MR &P & B A HUE S S e =21
—k. FAERRATMEETFRHESZ . 2R T5& S TRALIAEI58, Bt AR N L ) K
A, BEBEHTA BT ARG S . BE BRI R R SOt AU Re 4R =, BRI T
—RETEAGS, IEERHE MR TR A A ER A L, BRI RAITRE, ORI
LA S 1Y 8 o - R R0 3 B 7w s R A 22 e [ s 7/ A WP 123U 2 TS eid B DA R =T

ARSCRH 2,27 ML nE (fEK Dpds)fEARLR, TS LAEs 548 5 7R ARSI KM . B2
—HRY, CEASMAE, SH RIS RARREM] 5] LI IERATER A A S LR
MEWE ABCARIIEC G4, 2153 T DASR R e (i — MLuE 1 2 A8 =) N AR R SRR G . X PP 7Sk
WG A RO SR SRR F6] [7], ER AR HIE BT 1255 2 BT SCHRIR S 7V E A IR R B X . SCHR[6]
RN A T A& K G, SCHR[6] 8 I [Cu(PPhg)o(MeCN),]CIO, AT 2-57 3E-N-S fhnttne ,  SCHR[7] 74
[Cu(MeCN),]BFe il 2-3f FEnHNE . A SO FH f 2 i —ERE RN 204, FF H R A7E S8 A IR A AR 8 rh gk AT
S o SR 58I XRD B @i AT 8] [O1X i S AT 45 M 52 o 53 AKX G & kAT B T S o RO 5
2. SKEER S
[R=t7 Cug(CsH4NS)s &R

Fe &I & BT 13 20 )28 10 - FREL 0.05 mmol (11.0 mg) Dpds, T 5 mL &Ll 1:1 [ DMF-
TETPLORAIEN, BN, SRR RS R . K 5 mL AL 2:1 () DMF- & P TR A
AN ER AT . BRI 0.05 mmol (10.0 mg) ZEH, # T 5 mL DMF, 5E4 7R 5 218 I FIRiE .
REF=MERIS S, BEEE, SRGFE. MR, =FERungaE, —FEH
FlgaEy., 2ERTERIZESYNSA. DL e AbsdE, H5E7%A 31.2%. BEEY
Cug(CsHANS)s 1765 73 HTill B (%) A : C 34.39, H 2.24, N 18.13; 1518 (%) N: C 34.48, H 2.30, N 18.05.
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3. B/ER5WL
3.1. ETHEcik Dpds B SHIRIGEHITRAE

3.1.1. BLAH Cus(CsH4NS): B Btk LEHIMIE

T 0 T A 5 A6 W 5 J7 0 e BROR RPN 9 BN IE & (1 5 B FF a5 IR R IEE Bruker
Smart-APEXII CCD fi7§4% I, HI& A s st 25 B A AL ) Mo-Ko 2k (1 = 0.071073 nm), bL w-¢ J7:0H
TCEERC B AT S AN . A SR AT S 50 B B @ T Lp BB AR USRS 1E[10]. i SHELXTL [111F2FF5¢
FREEFIERT, SRIGH B AR . AT ER T AAEERE TR AR K& 1 5 A S H
SRR N TR FPAENS, Horh AR AU T AAAR B S BT B R RO A LT e T VRS AR
SR Fourier & B ZE 8 HL7 255 B2 B BUE B A3 21 B A ARG THEIS 8 SHELXL-97 256 58 [ 10]
[11]. FCAEII A2 38E 28 T3 1.

3.1.2. EEAH Cug(CsH,NS)s RO Rk LE#aAR

BCA D) X-5 2 AT HT AL R R WAYE T RRE R, P2(L)n &HE. KEWEND T &
AN T A -5 7. Wk 1R, BN TN LN SLIANEREY, A 2-5ikk
MEnEi@id Cu-N. Cu-S FLfIfE S Cus %04 G . LA AA R m M FdE, A4 S R A
AR R RO, Cu-S B AE 2.223~2.259 A VuFEI N . A N R R — N JEFRCAL, Cu-N B g
KAE 2.031~2.037 A JEHE A .

32. EAYNETHFEHE

&M E - HEMWESFREFHFITE

FCA VIR SR R4, AN RREL TG VA Fe A Xl AH AR 7. 341138 FH Gaussian 03 [12]F2F,
K% 7 RERS N 1) B3LYP 1H 5 J7VA[13] [14], WTACE4 LA K FlAdk 2-5 S mhme 2208 TR N 1) 2-3i 2
e S T T E TR X 2SR ne B TR, AT 6-31G(d)H 4. WA, &
THMERR A4, % Co H. S. N ffH 6-31G(d)FE4H, *f Cu ffiH LANL2DZ 5 FEZ[15]. 51 A%
g TR R AE A BT, R T R A SR R TR . O ARG B A R A
FELRAES T4 2. WEGERKD, RAEHERESSCRARRYIE, REEARTIEEN. #K1
S LSRR K, o Cul-Cu3 B HE R L SEIG (K 0.183 A, 31X nf LA A7E B3LYP Jiikiflitb
T, EEAE K. BAYRECA 2-35 e 57 1) Mulliken [16] [17]Hfa 8135 3. HER 304 ol A1,
B AP R s - () AT L (FERC A Y R S AN S SR+ 1) BB T 0.725, X 15 B4R T AN A R AR T D
PEAEFA[18] [19]. 5 H HFELAR 2-50 3 MEne 25 FAHEL, FCAYh N1 S1 AN, ixuess B A1
AR T JE T IR TR R BC AR F

Mid NBO iH4, AVEER TR AW AR 2-37FE 0 e 851 A o 45 JEL 7 16 BT A1 R R E 4R FRL AR AR5
B, #ARTHERA TR 4. RPEIE R, SHEA 2-5iHENE B AL, AR, R T
MR XA 2-Fi R e B RS R AR R R AR SOk, S R s AR RO S, BT
AR, WIMEET B S Ea At &, ERayd, 2R P2 uEh e REEn, fEFra
S AT S T B A o X T DARRRE g OB A PRSI0 1 6057 o L P 2 5 B2 [18] [19] o PR A i 25 - 2 Wik
A, TEXMIR S ER T, Dpds BofdkH 5 2 1 AR S SR AR T IR .

2 R T ECpR 2-3R R NE B T IO RT AR PUE . TERCAR Y HOMO(R & Al i) o . B A
JEF 5 2 TARRII . AT SIS, Bl R R T BUR T RAERAER, X MIGIE T 5 4
B E 3R TRAYIN HOMO B =44h#, IEaRATIRHGAREE, Btk 2-3% SEntnge 57 F 4 i 7
T RAE TES, EW TR BT,
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Table 1. Crystallographic Data
=1 @mIrERE

Compound
Empirical formula
Formula weight
Temperature
Wavelength (A)
Crystal system
Space group
a(A)
b (A)
c(A)
o (deg)
/3 (deg)
7 (deg)
Volume
z
Calculated density (mg/m®)
e (mm)
F (000)
Crystal size (mm®)
[T range for data collection
Reflections collected
Independent reflections
Completeness to 6 = 25.01
Data/restraints/parameters
Goodness-of-fit on F?
Final R indices [1 > 24(1)]
R indices (all data)
Largest diff. peak and hole

C1sH12Cu3N3S3
521.08
293 (2) K
0.71073 A
Monoclinic
P2 (1)/n
9.5899 (3) A
16.0695 (5) A
12.2855 (4) A
90°
108.968 (4)°
90°
1790.4 (4) A®
4
1.933
3.882
1032
0.02 x 0.01 x 0.01 mm
2.58° t0 25.01°
11234
3167 [Rin = 0.0376]
99.9%
3167/0/217
1.039
R; = 0.0361, wR, = 0.0887
R; = 0.0523, wR, = 0.0981
1.062 and —0.332e. A®

R=2

FU

FC

F.h

)/ ZIR|wR, =[ 3 (w(r: - Y ) /2w

Fz

-

Figure 1. The coordination environment of Cug(CsHsNS)e
1. Cug(CsHaNS)s BB B R EE
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Table 2. Complex bond lengths (A) and angles (°) the theoretical and experimental values
#z2 EEPEKAMNEARC)WIBILESSIRE

SEIRAH I

Cul-S1 2.249 (0) 2.352 (8)
Cul-S2 2.241 (5) 2.352 (8)
Cul-Cu2 2.834 (0) 2.979 (2)
Cul-Cu3 2.798 (7) 2.981 (2)
Cu1-N1 2.034 (3) 2.079 (1)
S(2)-Cu(1)-S(1) 116.0 (5) 114.0 (8)
N(1)-Cu(1)-S(2) 121.9 (1) 120.2 (5)
N(1)-Cu(1)-S(1) 113.0 (1) 120.3 (4)
N(1)-Cu(1)-Cu(3) 90.9 (1) 86.1 (1)
S(2)-Cu(1)-Cu(3) 77.0 (3) 74.1(3)
S(1)-Cu(1)-Cu(3) 133.4 (4) 132.6 (5)
N(1)-Cu(1)-Cu(2) 86.2 (1) 86.2 (2)
S(2)-Cu(1)-Cu(2) 133.0 (4) 132.6 (2)
S(1)-Cu(1)-Cu(2) 77.1(4) 74.0 (5)
Cu(3)-Cu(1)-Cu(2) 64.7 (2) 69.0 (5)

Table 3. The Mulliken charge of Dpds ion and complex
7 3. ELAMFIEL R 2- R BN IE ES T/ Mulliken BLFr(e)

BCE 2-Z ke B
Cul 0.725 —
S1 —0.458 —0.581
N1 —0.433 —0.455
Table 4. The charge distribution and natural charge for complex and Dpds
= 4. BLEYFIECHR Dpds FOEBTEAA 3 (e) AN B SR FEFET (6)
BAE 2-Z B MEE 5T
W AT )R H 28 B LA ) H 28 B
Cul [core]4S(0.32)3d(9.84)4p(0.57) 0.273 — —
s1 [core]3S(1.61)3p(4.50)3d(0.01)4p(0.01) -0.146 [core]3S(1.78)3p(4.66)45(0.01)3d(0.01)4p(0.01) -0.477
N1 [core]2S(1.37)2p(4.19)p(0.01) -0.569 [core]2S(1.38)2p(4.11)3p(0.02) -0.510

9

Figure 2. The 3D representation of HOMO and LUMO frontal orbitals of free
(Dpds)-ligand
& 2. Boif 2-FEMIE S FRIZHIE HOMO 1 LUMO Ky =451 E
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Figure 3. HOMO orbitals of complex
Bl 3. FoA1IRIZHE HOMO =445

4, 4Eip

AR 2,27 - B —WEE (TRIFK Dpds)IXAE—Fh & BAME G NECAR, PLY R Bk & B 3 %
WEEY. R)5iEE XRD B RTINS EE AT SIE . ST ST T8 T A AT .
ASCHIEARWEFOMRAT . LL Dpds AR, RHIZEY HGE, SWE T &, BEIEAY) Cus(CsHINS)g.
BEvE TR R, P2(L)n 2, B2 TENMAE T AN 25N EH & 1. amEDN Y
TN LNISLINEIEED, AN 2-FiFEnt gl Cu-N. Cu-S FLfrft sy Cus & L&id. X &¥itir
TETHZET, HkEa RS SR EHR AT .

B oW
ENSLSE IV P 3V 3P Rk R R e P = RN B R S o N e S R E OB & S
E&mE

[H 5 AR 5 4 (No. 21401151), DU JII 48 FH 32 £ 11%1(2015G20233) , K 224 [H 5% 0l 37 151 A
(N0.201610613072) & 44 2% 137 75 H (NO.2016099) .
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