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&R - R B A WA R ORI S S B I N TS, & P N 4R A R
W ZEFEMERERE Ph,Ppy B 51 Z " XF PhyPpy BIXUEELE Y, LLE 2 4 Ph,Ppy HIECA Y
RIS i 2. Zhang %214 LT — £415% 2 4~ Ph,Ppy Y Fe(CO), (Ph,Ppy), (MX,) (M =Zn, Cd,
Mn, Co, Ni, Mo, Sn, Rh, Ag, Cu; X=Cl", Br~, I, SCN"). Balch 55" & i, T Rh, (Ph,Ppy), -
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Table 1 Optimized geometrical parameters of complexes 1—6

1 2 3 4 5 6
Species .
Opt. Opt. Expt. 21 Opt. Opt. Expt. [ Opt. Opt.

d(Hgl—N)/nm 0.2568 0.2533 0.2483 0.2609 0.2607
d(Hgl—Fe)/nm 0.2739 0.2647 0.2570 0.2710 0.2640

d(Fe—P)/nm 0.2248 0.2207 0.2202 0.2297 0.2310 0.2285 0.2269 0.2280

£/ P1FeP2/(°) 178.7 177.1 176.0 175.4

ZP1FeC4/(°) 179.1 169.5 170.6

/. ClFeC2/(°) 117.0 117.2 117.9 156.3 157.3 151.5 153.9

H—HER, 314 CO, Fe ok Hg FALL T %
B, BCAY 1 M2 1 Fe BRI =
FARHE, TE OV S5, Fe—Hg AHE
YERIERAE T Fe (04240075, RIAE R\ fi
. 2 ANERIEA I Cl—Fe—C2 L&
Y1 f 2 By 117.0° F1 117.2° 34 K &
151.5° ~ 157.3°, F W] Fe—Hg fH HAEH
I B

Hi& 1 AT, & FA Ph, Ppy UG
Y3 M4 Fe—Hg BEESRE KT & 2 4
Ph,Ppy WL &%) 5 F1 6, 1] & a4
Ph, Ppy &2 A4 Ph, Ppy ONEE7/R:] Fig.1 Optimized structures of complexes 1—6
Fe—HgM BEAEHRISS, HECGYIM Fe—Hg HKAAERL G 4 <3, 6 <5 KR, XYW E 2 4> HeCl, Lt
A~ HeCL AL AW Fe—Hg M EAEER. & 54 Ph,Ppy BIFCAYIHY P—Fe ST HAR N (1)
2 4~ Ph,Ppy WIBCLAH, W5 B4 Ph, Ppy HLAIR A9 75 2 4~ Ph, Ppy BB AP P—Fe #E55.

2.2 EEVMNREN

RWFFEECA Y 1 F12 5 HeCl, 5% ( HeCl, ) , JEMAUZEL &4 3 ~ 6 fa e, 1155 Fe(CO), (Ph,Ppy)
5 Fe(CO), (Ph,Ppy), 5 HgCl, 5 ( HeCl, ), P53+ R I RAH AR FHBE AE, 13T 58J77% C i) H 7
BECAYMERRENE . AE f4F Fe—Hg fl N—Hg tHEAEH. &UH HACE py HAMEAEHRE AE,,
AE, 2 Fe—Hg AHEAVEH. FHL# Ph, Ppy Fl CO 5 Fe WTLLIRE ST, BAL& W 1 43 C404 5
Fe(CO), (Ph,Ppy) i3+ h, #4549 2 734 Fe(CO) , (Ph,Ppy) 5 Ph,Ppy Bi-1~53F F.

F 2 AE R AE HNIEME, HWECAEY 3 ~6 @, H AE A AE B R IRF: 6 >4, 5>3,
KA Ph, Ppy FLA I Fe—Hg HEA/E MR EMEY 5, X 5HRKESE—8. iEW4>3
6 >5 1 AE Fil AE, K/NRIF R . & 54> HeCL MBLA P EL 2 A HeCL, B BL A B Fe—Hg A EHAEH
e MRS, XS5MAY 4 O MEL—% AW 1 AE 2 R, BRHBEAY 1
C404 5 Fe FUAHEAE I LA &% 2  Ph,Ppy 55 Fe BYR. XM TEAY 1 # CO MU o B35

Table 2 Interaction energies of complexes 1—6 with BSSE corrections

Interaction energy 1 2 3 4 5 6
AE/(kJ - mol 1) 219.99¢ 191.33¢ 184. 60° 304.39° 278.76° 441.91%
AEL¢/ (k) - mol ™) 135.02 237.78 239.33 345.60

a. The interaction energies between Fe(CO); (Ph,Ppy) and C404 or between Fe(CO) 5 (Ph,Ppy) and Ph,Ppy; b. the interaction energies
between Fe(CO), (Ph,Ppy) or Fe(CO);(Ph,Ppy), and HgCl, or( HgCl, ), ; c. the interaction energies like AE , in which H atoms are instead
of the py groups.
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Fe JE o 5, H Fe i d HUIES CO KSR o BB U5t o B 5 WIBCHY) 2 /Y Ph, Ppy AL P S it
T Fe JEI o §, 5 Fe—C $E L P—Fe 8EEE, HECHY 2 Fe BUTURLAT (R 3) L 1 AR, #RCH
P11 CO 5 Fe MAHEAEHIBEILAC S P 2 H Ph,Ppy 5 Fe BUK. BLAY 2 H Fe MTHLATEL 1 AR, T
45 Hg' " 454, 805 2 /> PhyPpy BIBCHE W EL S 54> Ph, Ppy BB IR Fe—Hg AHE A FH B 5.

Table 3 Selective natural charges in complexes 1—6

Atom or Atom or
1 2 3 4 5 [3 1 2 3 4 5 6
molecule molecule
Fe -0.539 -0.589 -0.647 -0.659 -0.738 -0.690 Ph, -0.266 -0.283 -0.253 -0.246 -0.254 -0.262
P 1.185 1.205 1.179 1.170 1.191 1.190 Ph, -0.253 -0.272 -0.238 -0.229 -0.228 -0.250
N -0.453 -0.453 -0.526 -0.544 -0.496 -0.517| C101 -0.010 -0.032 0.097 0.109 0.046 0.060
Hg 1.171 1.146  1.242 1.155| (202 0.031 -0.032 0.117 0.130 0.046 0.048
HgCl, -0.273 -0.312 -0.296 -0.251 C303 -0.016 -0.091 0.080 0.107 0.042 0.068
py -0.260 -0.272 -0.213 -0.198 -0.254 -0.201| C404 0.128 0.160 0.181

2.3 Fe—Hg 71 N—Hg #HE{EFA I NBO 43 #f

BCaH 4 fie v, Hg UL 6s BB 5 Fe 1Y 4s Fl 3d 2L BESS G0 o 4. BLEW 4 6 1)
Fe—Hg WEEHLTE 41 8535 °M 0. 8822sd™** Fe + 0. 4708sd* * Hg i1 0. 8755sd>*' Fe + 0. 4832sd" ' Hg, T
TR R 1,54 F 152, RUIBCEY) 6 T Fe—Hg fEAHIE LLECS Y 4 B9/, SEMPET K. LAY
6 ' Fe M5 fL 7 A1 He MOIEFEL AT ELBC A4 4 K, HLR s VE R , R Fe—Hg SRR SR,

Table 4 Second order perturbation stabilization energies of complexes 3 and 5

Complex Donor NBOs Acceptor NBOs  E,/ (k] - mol ") Complex Donor NBOs Acceptor NBOs  E,/ (k] + mol -1

3 n(5d, Hg) O 6.49 5 Tp_r. n(6s, Hg) 67.17
n(6s, Hg) O 406. 14 T 0T n(6s, Hg) 346.35
n(6s, Hg) O3 77.49 n(5d, Hg) T pe 5.90
n(6s, Hg) Treqi 83.72 n(3d, Fe) n(6s, Hg) 3.24
ORe—cl,2,C3 n(6s, Hg) 91.46 n(sp*® N, 1) n(6s, Hg) 58.95
n(3d, Fe) n(6s, Hg) 9.08 n(sp>®, N, 2) n(6s, Hg) 58.95
n(sp>*, N) n(6s, Hg) 57.70

Fi &4 3 15 o Fe—Hg AHEVEAIESS , AT FH NBO (- gefdia bt £, i (£ 4). BE
Yy 3 F15 (1) Fe—Hg AHBAE A 3dy, —6s,, HIEVERTRIEHEEVER, LARIEAE RN £, MHEAEHA Fe—Hg
il Fe—Hg MFIER. BLAY 3 T Fe—Hg M EAEH#ES, A— P 3 4 Fe—C 1 o 4[] Hg 1 65 FL
HEEE (0,,_—ny,) 1 E, £ 91.46 k]/mol; Tl Fe—Hg B4, FERIMN 65, — o, B, (X
654, T 1o BLFIIA 406. 14 kI/mol. B 5 1 Fe—Hg H FeHg MUMFEAEH B3, Fe—Hg M LA
BB &N o —6sy,. STEAEY 3 A5 b Fe—Hg MIHAEHZ RN, BEWS L3 £2—4
Ph,Ppy 5 Fe fitfii, Fea4) 3 MZ—A CO. BLaH 3 Bk C—oFe 1 o #EAN, I8 Fe—CO [ BRE,
fifi Fe B ML HLEC AW 5 W/, BRI, BEA9 5 1Y Fe—Hg B R E, MACAY 3 1Y Fe—Hg B HHE
B3, BAY 3 5 1Y N—Hg HITAE RN ny—6s,,, B, (A& N—Hg HI AR /N T Fe—Hgt B
YEF, BRI, Fe—Hg AHE AR FHXT T A R8s RE Mk (14 5 i) B Oy B 22
2.4 'PHILEARE

J% Fl DFT-PBEO Hi¢ GIAO J5 i 5 FC AW H, PO, 2 IEH(K) > P NMR Bl 8, ' P (fk2EAr
(RS LA =00, = O e HH, IHHRAEGLEABHEIE. SULIC AW Fe—Hg AHEAEHIR N
FHAR P JRFRY P Y NMR k22085, P AR IR H P2 BN, W P A B/, e K.
3 WL, HeCL Ay il , W] Fe—Hg B /E T8 H - Ph Fl py 17 P, Fe I HeCl, J7 0] %%
sk i CO [ Fe Ml HeCL#£3), Ph Fl py M1 CO f L ffii/b, P IEHL fafik >, Fe Ml HeCL, fHLfar b AC.
2 4~ HeCL MBL &Y Fe—Hg AHEAE TR, Mm% BE B3E, {1 P, Fe, HgCl, Tt H far 4 K0 B &
W26 5 AT UL, BUEEC A W A0 B #B EGAH I I S A BE A /N, B8 2 A4S HeCL OB L & 90 1)
AR/, B B Ph,Ppy BITE -S4 EAHI & 2 4> Ph, Ppy BIBC S WAL 00 8/, X B T4
A Ph,Ppy FIBCAYITHZL T —4 CO, Fe 5 CO B o-m RUBIH Fe—C 5445 | A2 P—Fe HEE5S , P—Fe
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Table 5 *'P NMR chemical shifts(8) for complexes 1—6

Complex 1 2 3 4 5 6
S led. 70.98(73.50057)  90.72(87.50121) 68. 81 65.08(66.6751) 83.76 77.34(70.94121)

W B S 8 P 1) Fe ROAEHS TROME , P P OSBRSS R . R 3 Al UL, P A Ha fr 255 8 B
HEAEW1<2,3<5,4<6, BI P (A A%ERENEEY1>2,3>5,4>6, B HA Ph,Ppy MIAL
B PR R L R B 2 A Ph, Ppy UK, P BAYBRROSON 2K, TR, 5 84> Ph, Ppy
IS A AL A A ER LA 2 A4S Ph,Ppy BIBCA W/,

& £ X M
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Theoretical Studies on the Fe—Hg Interactions and the *'P NMR in
[ Fe(CO),(Ph,Ppy), (HgCl,), ] (x=3,4;y=1,2;2z=0,1,2)

XIE Mei-Xiang, XU Xuan”

(School of Chemistry and Environment, Key Lab of Technology on Electrochemical Energy Storage and Power Generation
in Guangdong Universities, South China Normal University, Guangzhou 510006, China)

Abstract To study the Fe—Hg interactions and their effects on *'P NMR, [ Fe(CO)  (Ph,Ppy) , (HgCl,) .
(1:x=4,y=1,2=0;2.2=3,y=2,2=0;3.x=4,y=1,2=1;4.x=3,y=2,2=1;5.x=4,y=
1,2=2;6:x=3, y=2, 2z=2) were calculated by DFT PBEQ method. PBEO-GIAO method was employed to
calculate the *'P chemical shifts. The conclusions can be drawn: (1) The Fe—Hg interactions in complexes
with two Ph,Ppy are slightly stronger than those with one Ph,Ppy, and which in complexes with two HgCl, are
stronger than those with one HgCl,. (2) There is a Fe—Hg o bond in complexes with two HgCl,. Fe—Hg in-
teractions mainly exhibit the Fe—Hg and Fe<—Hg indirect charge-transfer. Contrasted to complex 5, the CO—
Fe o-donation and CO«—Fe m-back donation in complex 3 decrease the electron density of Fe. So the Fe—Hg
interaction in complex 5 is stronger and acts as Fe—Hg charge-transfer, while that in complex 3 mainly acts as
Fe«—Hg. (3) Through Fe—Hg interaction, the charge-transfer from Ph and py towards the P, Fe and Hg
atoms increases the electron density on P nucleus. So, compared with mononuclear complexes, the *' P chemi-
cal shifts in binuclear complexes show some reduction. The *'P chemical shifts in complexes with two HgCl, or
one Ph,Ppy are less than those with one HgCl, or two Ph,Ppy.

Keywords Density functional theory; Natural bond orbital; Fe—Hg Interaction; *'P NMR
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