533 B 7 o ML
2017 4 7

CHINESE JOURNAL OF INORGANIC CHEMISTRY

2 2 Eild Vol.33 No.7

1187-1195

TEEBEHKEESY Fe(CO) (PR, EHSERHIEIEH R

FFar =
(BEHE S F 5 RS B AR E 5

BT F
FSHE LG ERFRFEMEAEFER ES 041004)

/.

B wWEY KB

E . R EZ RIS DFT)X — RIMEN RS Fe(CO)s.(PRy),(x=1~3, R=H, F, Me)f JUA 2544 1 T 4584 045 5 1L &
T F AT T BB IT, 25 SRR W51 AR S R 253 I Fe(CO),(PRy)s., 19 LA 45 KA G AE | Shy s+ il () = ff SUETE | 1 A
HUE(NBO)Z BT 75 | I T R 5 0 B ok R AT TR A7 A F T 6 8 | A ARG 58 Fe-CO Z RN SE AR T 2 8088 %€ 2544 Fe(CO),(PRy)s., 1Y
SF5 — IR TR e 28 R 2 LU SR — BB L B8 IR, TR Fe(CO)s,(PRy), IR G HE L Fe(CO)s 47 1A 42 i |

KERIA W R BE  HSERRAT AR W  BRTC 1A i B RE  BARBEBILIE (NBO)Y A BT

FESES. 0634 XEkFRIRAD . A
DOI:10.11862/CJIC.2017.143

XEHS . 1001-4861(2016)07-1187-09
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Abstract: The geometric structures, electronic configurations, bonding characteristic, and thermodynamic proper-

ties of low valence iron complexes Fe(CO)s_(PR;), (x=1~3, R=H, F, Me) were studied using the density functional

theory (DFT) method. The results show that the geometric framework of Fe(CO)s_(PRj), is not aberrant but main-

tain the distorted trigonal bipyramidal structure after the introduction of phosphorus ligand. Natural bond orbital

(NBO) analysis show that there is charge transfer between the phosphorus ligand to the carbonyl iron fragment.

Moreover, the covalent interaction between Fe and CO is enhanced. The phosphorus ligand dissociation energy is

lower than the first carbonyl dissociation energy from the most stable structure Fe(CO)s_(PR;),. This indicates that
the reactivity of Fe(CO)s_(PRy), is largely greater than Fe(CO)s.
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Table 1 Natural charge and Wiberg bond order of stable isomer Fe(CO),(PR;) calculated by NBO method

Natural charge

Wiberg bond index

0. 0r 0c Fe-P Fe-C
Fe(CO)s -1.741 — 0.767 — 0.995 2
Fe(CO),(PH;) -1.783 0.455 0.726 0.747 6 1.060 2
Fe(CO)(PFs) -1.954 2207 0.765 0.889 7 1.017 8
Fe(CO)4(PMe) ~1.804 1332 0.743 0.717 5 1.065 8
Fe(CO)y(PHs), -1.878 0.489 0.713 0.802 4 1.120 0
Fe(CO)(PFy), -2.189 2227 0.756 0.908 9 1.041 2
Fe(CO)y(PMes), -1.880 1343 0.702 0.738 7 1.144 1
Fe(CO),(PH,); -1.938 0.484 0.704 0.826 2 1197 2
Fe(CO),(PFy); -2.437 2242 0.731 0.926 8 1.070 4
Fe(CO)(PMes); -1.857 1.286 0.671 0.754 8 1.236 5

“The natural charge of P in PH; is 0.017e, the natural charge of P in PF; is 1.714e, and the natural charge of P in PMe; is 0.848e
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Table 2 Relative formation enthalpy of stable isomer Fe(CO)s_ (PR;),

(kJ - mol™)
R H F Me
Fe(CO),(PRy) 50.0 213 62
Fe(CO){(PR)» 1135 477 19.1
Fe(CO)»(PR3); 200.5 73.9 120.2




1194 M

e

¥ %33 %

PO 3% 3 AT LUE T &SRR ATAE D) Fe
(CO)s_(PRy), , TC e fiff 55 ¢ He 3 2 i 5 I O A, A= i =
A 7= W) A P S PR T AR DN BR Fe
(CO)(PMes) 5, [l — Ak W0, il 25 IR TEC A LU i 2 Pk ik
P S EAA YT R R B NMEZ | X R LA R
RIS, BERCR M s e TIREE M e, X5
Andreas SFUF5¥ Fe(CO),(PHs) i G i 25 52 N — 3%,
Tt TR A ) e B E ISR R R AT R R AR, (R R
il 125 5 2O IR BT B 7 W) Fe(CO),.(PRy),
M Fe(CO)s_ (PR3, H 16e 4544, = F AP LR E
BIEWHE NRRGE

NFRHAAT L B, I A R T A AR AN B 3 m
fift 85 CO A3 B B F A W) i R i B W Tt = 5 AR
fiff 25 B C AR PH, A PMe, T 5 AE 2 22 M7 BE AR, (L fi
B P, e A THE B T H., 2 R=H i, B
FUSUAR L A 0 0 1 B LA P EE S R = A=)

R 3 Fe(CO)s (PR, HIE — B

B Fe(CO)s 5 ;R=F Ml Me i}, Fe(CO)s_.(PRy).(x=2
I 3) fifk B9 R EE P T B 12t LU Fe(CO)s 5 . Fe(CO)4(PMes)
AR B S ) B — Bk kR R RE O i
174.8 kJ -mol ™, 5 SE50{H 171.1 kJ -mol ™" AE # ¥
GO AR AR AR S Fe-P BB A M
Ktk WY Fe(CO)4(PRy) FIAURAL Fe(CO)s(PR;),
14 55 — I TC A i 25 8 1 K /NI F R Fe-PMes>Fe-
PF;>Fe-PHy; L HE K K/INIRIT HI W . Fe-PMes>Fe-
PH>Fe-PFs, R AR T 3-Me B, Fe-P £ 9 £ I
KGR /INR 0.747 6 AHZAHN Fe-P 81 7 25 fig
WK, X RWIRFR b A7 7E HA 32 R R 5 30
EIRERG N G RIS A5 1R R B e /N S
BCAAR PRy BYA A O, AR E AL B 1) PRy A5 i B
WA B 5 Fe-P BB TR A C AHILZ T Fe-
PH, 1 & AL BE e/

B &b

BRI S — AL AE B Bt

Table 3 First carbonyl dissociation energy and the phosphorus dissociation energy for Fe(CO)s_(PR;),

(kJ-mol™)
-CO -pP

S T S T
Fe(CO)4(PH;) 163.9 114.6 130.1 74.8
Fe(CO)5(PH;), 173.7 108.0 1353 61.7
Fe(CO)o(PH;)s 186.0 98.0 86.7 21.1
Fe(CO)4(PF5) 176.0 137.3 138.3 103.5
Fe(CO),(PF), 188.2 145.9 149.6 110.9
Fe(CO),(PF); 217.9 161.3 162.0 120.7
Fe(CO),(PMe) 174.9 135.9 186.4 131.1
Fe(CO)y(PMes), 192.8 147.0 173.8 125.4
Fe(CO),(PMes); 203.4 123.6 92.0 46.0

3 & it (CO)y(PR3)s(R=PMe; Hl PH,) i) 5 I 1 P75 2 2 57 | Fe

A SCNER S B B FEBRATT A2 ) Fe(CO)s_.(PR3),
(x=1~3, R=H, F, Me) i JLIaT 4544  HL 1454 s b
J DA R ATy S AT T AN, BSR4 R R
W], 4 R=PMe; 1 PH, B | HLBE B & 4 Fe(CO)4(PR)
(RSB JEEE AL Sy s, RFRPE  BUBE Fe(CO)(PRy), Tt
BRI E IR Dy, WFRE, B A Fe
(CO)(PRy); MIFEZS Ry €, # AL 4 R=F W}, PF, B il
o] T o5 4 = OB R IS A AR SR S BT R
W . BB BB AR O 30 P—Fe 1Y o BLHEHSE 22 $ K
THOER Fe R FHHETFHE, PR T
Fe—C [t o B, 55— B 1 1A 7 2 BB 1 38 A1, Fe

(CO)s_.(PRy), FY 55 — o & fifk 25 e N 25 — Bl T A4S fige 25
RERY 25 WY, FEAH ) 2% 10T Il e A4 1 i 5 £ 5 1
L 1 Ak B9 U6 I O AR A g — il B R G AR | E 4%
T P B A K A PR

SEH .
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