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Exceptions of the 18 electron rule

1.Square planar organometallic complexes of the late Transition
metals (16e ).
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2.So0me organometallic complexes of the early Transition metals
(e.g. Cp2TiCly, WMes, MeaNDbCls, CpWoCls).
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3.Some high valent d° complexes have a lower electron count than 18 e .
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4.Sterically demanding bulky ligands force complexes to have less than 18
electrons.
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5.The rule is not applicable to organometallic complexes of main group
metals as well as those of Lanthanide and Actinide metals.
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6.The 18 electron rule fails when bonding of organometallic clusters of
moderate to big sizes (6 metal atoms and above) are considered.
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48Kl g SISV (e Jil8 aae e (g gial kg (1-5 4e seaa) (5ol dsaadl Sl
Glapaleall e (A 230 Jals )l g aia g (Saall e e "LlLe g aaliie) e ) 5 jedas

MLgSE Mg pSH 18 5l 16 2axll (I (S pall i IV slan ) doay (S el J

"G KU 17 s sing s oad) o) sell 4 ety Jaidy V(CO)g daren ol se S S je 1 ) Jle
1) saill e o "L LS
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t Al il e g ML Elss Mg SN 12 (s i W(CH3)p (e s piae S e p ¥ Jlia
B8 = 74W il (pama o gy anlis il 4y 58Sl 5 €Y aae
6e = (CH2)s J) clapialaall Lengd ) cili g yiSY) aae
12e = Total (K & senall

i aal g 5 I ) g dalee &b el CH3

ke s MLlSs MUy KU 17 (s sias Cr(P-Cp)(CO)2(PPhs) (sitae (s sunc diaa :¥ Jia
: Sl sl

Cr =1x6==6e
n°-Cp = 1x5=5¢

2C0O =2x2=4e
PPh; =1x2=2¢
Total = 17e

Steric crowding (sl (iabai€l) Alzadl) alaa 3¥1 ) sal dsiial g0 S8 ary oBle | Sl
Llagia) of "Lysalss "L SN 18 5 16 (Ao o siad Sl Ay il <ld LS je 15S5 A
iy all S S e e Jeast (s CO 4o sanaS o piioa 4e ey sl 5l (23 PPhg
o2 Cbaa ol Cr—Cr gasiarall 038 sall G "o sk o sl ety 35 Dimer
OS5 (auslie cade 8 "Llde diaal) (5 oS Ladie (51) dinall alilud) g adiall adlall 8 o jua)

bl e s LaS g "MLyl M yiSH 18 (I 4y 1Sl il g SV aae #d ) Cr —Cr o]
[ Cr(n>-Cp)(CO)s]2
2 Cr =2x6=12¢
2(5-Cp) = 2x5 = 10e
6 CO =6%x2=12e
Cr—Cr =1x2=2e

Total = 36e
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1- In order to count electrons, each metal atom and ligand is treated as
neutral.

"l eSOl Lagd) e dalaa g gama 5 )3 JS e Jalais Gl g i3SIV dae Gl da) (e
(e g2SUl) aanac) 40l oS adald Y )
g pAIE) 4 G5z ¥ g

2- If the complex is charged, we simply add (negative complex) or subtract
(positive complex) the appropriate number of electrons to the total.

ddrall) alla 4 Cadaig (llid) dtedll) alls |8 Cancad ¢(Qanddl ) 0al) () sadie ddxadl S 12
) Ml (o sy ( (& i (Bl O ) O s O
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3- We must include in the electron count all valence electrons of the
metal atom and all the electrons donated by the ligands.
D Gl O g Al g IS ST daal)

a8 s s (d ganall gealic) Ganall L adlu il 43S s SSIY) aaen
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4- Ligands are classified as L-type if they are neutral two-electron donors
(CO, CH,=CHpy, :PR3 where R is aryl or alkyl group), and X-type when
they are considered to be neutral, they are one-electron radical donors

(halogen atoms: CI', 'H, ‘CHs, nt-allyl, bent NO).

M e Alabriall Colapaleall Jaddy 138 5 L 4l e ladaal e 53 ) Caial cilapaladll
,(CO, CH2=CHj,, :PR3 where R is aryl or alkyl group) ¢sis_ S 4l sl

ol gl 18 Ml S alilaie e b jlie) Alla 3 X 41 ey AY) g sl W
,(CI', "H, "CH3, n*-allyl or n*-C3Hs or ‘C3Hs ,bent NO) kasé asl 5 5 <Y

Lad o<1 Jewals bentNO @
058 3 Jdeals linear NO

O 4 S e JASgd O (e aalilall Led Al adalatial) lascalaal) Wl
sl de (Lo, Ls, LoX) — Wie =i (n*-Butadiene, n®-Benzene, n°- CsHs )

Ll (je 4a siaall Ui 5KV dae e pead 3-allyl or 13-C3Hs or n-"CsHs o)) "lle
Ao sian g SSU B = g seadll (31 (L2, X= 1) LX —

Jalaialll dalaall 48y ka5l Apetloall 43, jall M g il 5 5KV sloaal 5l ae 48y yha el Sy
iy ) adMally
IMXLol® iyl i gidna (5 sune Sina Ll (a5l
O¥all o)) = M ol Sus
add aal 5 ()5 JSIY ol g aalae = X
dasd a5 9 STV 4l o) Cilaualzall 22e = 3
i SV (ge gz 53 g dualaa = |
Gl g IV (e g 30 4] gl Cilapalaal) 22e =
Al 5eSI ciliail) aae gl anslill axll = ¢

Electroncount=N+a+2b-c
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Left »o Right

n)

d-block elements

6

Sl sl o) 54 adaiall 4y lSall il g SIVE dae Ol dxgiall O ghadll Al [
€4 Ll 48 Lty Jalxiall acaleall (33 5k o

iy ST Clan 5) de 3 Apaaluall gy jal) Jlaxind pca 5i il AlieY) Goany L Led

Cr(CO)s *
(6 4= sanall N i3y 43Y) Cr =6e
6CO =Lg=6x2 =12
Total =18e
V(CO)s *

Electron count = Ny+Ls (or 5L)

Total = 5+ 5%2
=15e

O Y sl g aalae & sl Sy CO
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Electron count = Nco+ 2(L2+X)
=9+ 2(2%x2+1)

=9+10

Total = 19e

Electron count = Ncot+ 2(L2+X) - C
= Ncot 2(2%2+1) - (+1)
=9+10-1

Total = 18e

Electron count=N;+a+2b-c
=9+ 1x3 + 3x2 — Zero

=9+3+6

Total = 18e

Co(n>-Cp)2 *

L,X L..S‘ 5e g [|5-CQ

[Co(m>Cp)]” *

|I’(BI’)2(CH3)(CO)(PPh3) 2 *

X-type ligand = Br, CH3 @
L-type ligand = CO, PPh3

C = Zero o) "Ll yeS Jalaia 2aaall



Pt(CO).Cl,

Electron count=Npt+a+2b -
=10 + 1x2 + 2x2 — Zero

=10+2+14

Total = 16e
[Fe(CO)4]*
Electron count = Nget+a+2b-c
=8 + Zero + 2x4 — (+2)

=8+8-2
Total = 14e
[Fe(m*-C4Hg)(CO)s]**
L-type ligand = n*-C4Hs, CO, X-type ligand =0

Electron count = Nge+a+ 2b -C
=8 + Zero + 2x5 — (+2)

=8+10-2

Total = 16e
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3L sl La ! m° sh s 0 55 ad 5o
Electron count = 2Nmo+a+2b-c
= 2Nmo + 3%4 + 2X6 — Zero
= 2%6 + 3x4 + 12 — Zero

=12+12+12

Total = 36e
Mo % b3 366
saal s MO oun i 18 ¢ = 36/2 1A
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o_pal Login a5 5 |1 (3xe (52
L-type ¢! 0o ASIY caal 5 aalee & sl Gy CO
LoX ) m° sl el Jldaliny gLl aalaa
Electron count =2N+a+2b-c

=2%X9 + 2x1 + 2x3 + 2x5— Zero
=18+2+6+10

Total = 36e
Ir 5% i 366
saal g Jroulanni]8e = 36/2 1A
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Fe
| co co |

Electron count = Nre+a+2b-cC

=8 +2%2 + 1x5—(-1)

=8+4+5+1
Total = 18e
cO
Co \
/N =
@)
CO CO

Co(CO)3NO(linear)

Electron count = Nco+a+2b-c

=0 + 2x3 + 1x3 — Zero
=9+6+3

Total = 18e

Linear NO = LX 5 <l il 3 J zmilke salae o gl el

¢



bent NO

Electroncount = N,+a+2b—-c¢

=Ny+3X+2L-cC

=9 + 1x3 + 2%x2 — Zero

=0+3+4

Total =16e or 16 VE

X L LX ) LoX Ls
Cl CO linear n*-Butadiene n°- CsHs | n°-Benzene
NO
H CHZZCHZ n3-allyl
n-CsHs
n3-'"CsHs
‘CH3 PR3 uCl
nt-allyl Allyl
ﬂl-C3H5
‘CsHs
bent NO
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OX.NO Oxidation Number (st sl clua

A8l Jarinsd Jdre (5 guas (S ya 8 Ganall (550l 5h o) 52Ul aal) sl

OX.NO(M)=c-a
Al i Bl aa (ya g2d (a gat Ladie g adall) agala) bl Glasaleall e = g

V(CO)p S pall (o o gl o A (g2nsSll 20all 2 /i
OX.NO=c-a
0-0=0
[Fe(n>-CsHs)(CO)2] ~ o

OX.NO (Fe)=c—a
-1-(-1)=-1+1=0 -

[Ni(n>-CsHs)(n*-CsHe)]*
OX.NO(Ni)=c—a
$1o (1) =+1+1=+2 :

RhH(CO)(PR3)2 .
Qlldh 2y el s = H-
OX.NO (Rh)=c-a
Zero—(-1)=+1

O S (oSl aaedl sl 1A el g IV ol J8 amall (o) ) 5,20 8 (o2l a2all
sl Hall 28 S ) 8 ag 8l g S de (e e LY a5
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1- The donor —pair method requires a calculation of the oxidation number
of an element in an organometallic compound.

UA)..A.ud Lﬁmu\ Al Gl ety (4:\.1}..3‘2[\ M.UH\) C).m.d\ @})ﬁY\ CJJM 43 ,h
(H2a (5 s S e

2- The values for calculating the oxidation number of an element in an
organometallic compound are the same as for conventional coordination
compound.

)l udi A e gsac (S je b paic el shoe Al anSUl ol Clua acl @
(e AU S ja (8 geaie Gl o) oAl auSll aaell Glia 8 Alasiondl)

3- Neutral ligand, such as CO, CH,=CHpy, :PR3 are considered to be

two-electron donors and are formally assigned an oxidation number of zero.

S Sz 4wl @diel CO, CHy=CH,, PR3 Jie alilaidl Clauzleall
e (Sl aaall "LISE L (anad g (i S

4- Ligands such as halides (X™: CI, Br, I") H-, CHs are formally
considered to be two-electron donors and are considered an oxidation
number of (" 1).

H™, CHzy 2l sl &S (X2 CL, Br, 1) lalle) ciligl Jia lapalaall
(1) Sl 22nl) agd Cuaiad g i I 4al g Glasalaa el

5- Ligands such as n3-C3Hs  (allyl group) and n°- CsHs are considered to
be four- six- electron donors respectively.

oY 4wl s Glaalaa yiad n3-C3Hs  (allyl group) and n°- CsHs  Jis Claalas
(sl e g sl g
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6- Bridging ligands are very common and are prefixed by the symbol u.
Bridging ligands are usually counted as shown in the table below. A
bridging ClI donates a pair of electrons to each metal, a bridging CO group
donates 1 e to each metal (this is true for both ionic and covalent models).
Other ligands of the same type are bridging methylene

M and bridging OXO, M

which are 2 e ligands to each metal.

iyl aamladd) gy el Sl sl 4 Yo Buasi g 4ail M 4p el Slaualed)
o gs) e u Cl o gomall 35S0 ¢yl olial Jsaall 3 dnia o LS 43 g ySIY Lgianls
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Covatent method | Torie method

Cl,H", CHs , Ph , nt-allyl, NO (bent mode) le 2e
CO, CH,=CHy>, :PR3, H,, HC=CH 2e 2e

u Cl e.g M-CI-M 3e 4e

ne-allyl 3e 4e

NO (Linear mode) 3e 2e
n*-Butadiene 4e 4e

-0, u—-CH, 4e 4e

n°- CsHs  (n°- Cp) 5e 6e

n°-Benzene (n°- CsHs) 6e 6e

u—CO 2e 2e

7-The oxidation number of the metal atom or ion =

The total charge of the complex - The total charge of all the charged ligand
C a
OX.NO(M)=c-a

aen (& sana - el o 4Kl ainill = (S e 8 Gane (sl 5l o)A (auSTl daall
4 sadiall Chlacalall

8-The number of electrons the metal provides =
Group number — oxidation state

Jeaall B Gaeall Ll oaiiy Al de sanall 8 ) = aeall L palin Al @il K1Y dae

7 adatall " 5 O genall auSUl aaadl — (1-18 alkai canes) (55l
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9-The total electron count = The number of electrons of the metal atom
(step 8 above) + the number of electrons provided by all ligand

(ok\8o#\écbum)uw\ u}.i\j\o‘)ﬁu\_u):\ﬁ\ JJ&:IU\J;)&Y&S\ Al
Clapaleal) an o Al A S il g SV dae +

Ay yall diipa A ol Y1 Siaally Adlain¥) JYA (e oSlel B sla L i (Sa
[MXaLo]

Sl e alibaiall 5 4 gndiall Cilapaled) 220 afb

OX.NO (or 0S) =M ¢~ 2

(Lﬁ LSl aaxd) J\) A;anqﬂ\ PA|PN|

SN 220 — () 9all Jsanll 8 4e sanall 4B ) = (anall g aaloy Al il STV 2ae

(N)=N-(c-a)

Aol 45l il g I aae luad Lellertind (SarY 4ui o) 48y Ll dage 4dasdle
vl s se dire (sl (B Oare (sl

Gaxadl el o) 3N adainall 4yl il g IV aae laa (8 4xiidl Gl gadll ale [
(A ¥l 4dy phall ) g sall (g SISV = 5 51 (33 sb G
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e 5 e a3 4 S iy Y]

I I’(Bf)z(CHg) (CO)(PPh3)2

C = Zero ¢! "l ¢S Jalatia 23x4l)

ohb 4\.1!\.».» 4_\;.»:.1 4.1);.»»4 A_I\J.\.\AL,.A = Brf’ CHgf
il s &K 6 2 atli 2Br + CHs ) (mis 5iSH Lgie IS dnaline
"L yeS Aalxia Glanalas = CO, PPh3

i 5 SN 6 daslisall SH & ganall (o) (5 S Lgia IS daaline
7 adaitill s Iy J anSlll aaal) sl

OX.NO (Ir) =c-a
= zero — (-3)
= +3
8 4kl o |1 Qarall Lg aalosy (Al S5 SV 2o il
N=N-(c-a)
=9 —(+3)
=6e
9 adatill o |1 Qazall Lgy aalusy (Al S5 SV 2o il

The total electron count = N+ [a + 2b — ]
=6 + [2x3 + 2x3 — Zero]

=6+ [6+ 6]
=9+12
Total = 18e

e\



[PtCls(n?-C2H4)]

OX.NO(Pt) =c-a
=-1-(-3)
=+2 — Pt

No of e provided by metal atom or ion = Group No. — OX.NO (Pt)

N=N-(c—a)

=10-(+2)
=8e

Electron count = Npit [a + 2b — C]
=8+ [3x2 + 2x1 — (-1)]

=8+ [6+2+1]
=8+9

Total =17¢ or VE
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OX.NO(Re) =c-a
= Zero — (-2)

=42 — 2Re™? — Re'l

No of e provided by metal atom or ion = Group No. — OX.NO (Re)

N=N-(c—a)

=6e — 66 «aaliReens; S
Electron count = Nget+ [a + 2D — C]
=6+ [6%X1 + 2x2 + 1x1+ 1x1— Zero]
T T
4 lICO oY)
=6+[6+4+1+1]
=6+12
Total = 18e

ey



68 — palow (UL o l) Cp S
2e — el 4d,L CO K
le — el 4 e CO S
oJle | diadl) 1/2 LAAT
OX.NO(lr) =c-a
= Zero — (-1)
=+1 — r*t
No of e provided by metal atom or ion = Group No. — OX.NO (Ir)
N=N-(c—a)
=9—(+1)
=8¢ — 8¢ el Jreoamy S
Electron count = N+ [a + 2b — ]
=8+[2+1+1+6]
=8+10
Total = 18e
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4diai 34 ) oaal g oaa £ atul jo (KaDimer el A8 S s NipCly(n-allyl),
OX.NO(Ni) =c-a
= Zero — (-2)
=+2 — Nj*?
No of e provided by metal atom or ion = Group No. — OX.NO (Ni)
N=N-(c—a)
=10-(+2)
=8¢ —8e «aalud NjosasyJS
Electron count = N+ [a + 2b — C]
=8+ [2+4—Zero]
=8+6
Total = 14e
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Bonding of CO molecule to a d-block metal atom
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Nuclophilic attack of an allyl Grignard reagent on a metal halide
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Nuclophilic attack on a haloalkene by a metal atom in a low oxidation state
also yields allyl complexes (oxidation addition of an allylic substrate to a
low valent metal centre).
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1-The M-Cp bond dissociation energy is large, (e.g. Ferrocene is stable to
400 °C). This means high thermal and kinetic stability.

2-The ligand blocks several coordination sites.

3- The ligand tends not to get involved chemically.

4- The ligand has excellent NMR properties; this means the ligand
coordination mode can be followed easily by NMR spectroscopy.



