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Cﬂmulﬂtion of ne;alive Charge on th
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M- e jements the a-bond. Thijs ability of 5 f1e vacant ety ormed by the back donation of
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_ | b ‘ o ", i electron density into vacant
M—H + Dc=c = >C=  — :t_é/ ¢ ponyls are referred as complexeg o :

e -

18 also calleg
a ;
& ~ af F-acceptor ligand and the metal

Taccepto !
e _ Jration of metal carbonyls Por (or 7 acjg) ligands,
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778 H i .
| ; ] ) . ing inserlion to form an ‘
The monomer then interacts with alkene undergoing alkyl, whigy u:] |
. L

undergoes hydrogenolysis. The reaction cycle is shown in Fig. 21.

\ idewiththefinely divided meta]. £, ;
B v . N\ finely divided nickel metal with €O at 250¢ g
H
\ e C/ P A c C/

s 5°C

:\ Slow ,\ [ Ni+4co 2=, Ni(Co), b!:",Fﬂ,P'o.
i Ed

\

‘v/ gome other metal carbonyls are also " § ;
”/C\ |_5_i . N Prepared by the direct reaction at high temperatures and

] Pngul'es.
200°C
F el
Fig. 21. Catalytic hydrogenation of alkene, FESED 100 atm Fe'(cc”s,
Alkenes appear to be hydrogenated in two steps and with selectivityo=/ 200C
In the absense of hydrogen the same compounds initiate polymerisation.~ Mo + 6CO Ea_tr’n MU(CD}b‘
METAL CARBONYLS

Carben monoxide forms complexes with most of the transition metals in low oxidati 2. Reduction. This is the most commonly used method for preparing metal carbonyls. In this
states. These complexes are called metal carbonyls. In these complexes, the metal atoms arefn method, the metal salts are reduced in the presence of CO. For example,
their zero, low positive or negative oxidation states. Regarding metal carbonyls, there are thre ’

points of interest : CrE]a + Al+6C0 % Cricu(}]‘ +AlCly
() Carbon monoxide is not considered a very strong Lewis base and yet it forms strorg ’ v
bonds to the metals in these complexes. 1s0C +2C0, + IH,0
(11} In these complexes, metal atoms are always in their low oxidation states, mostly zen| 2C0C03+5C0 i “ aa_';" A
low positive or negative oxidation states. AlCl,
(i1) About 99% of these complexes obey effective atomic number rule which accounts ol WCl, +3Zn +6C0 T MR
their stability. ' ; -
These complexes are of three types : i i i VCl, +4Na D—;f%ne igtrnch i
(1) mononuclear 7 I-[,P?_!
(it} binuclear and o
(i) polynuclear carbonyls. VICO), + Hy
Some metal carbonyls are also known to form importantderivatives. Since these Cﬂmple.lﬁ J
t:'unl.:in metalatom in zero or low positive oxidation states, there does not seem tobe attrd 0 +3Ag _17_5_, Ru(CO); * 3Agl
;ﬁlt‘rl-:t.'h:;ne\ between the metal and the ligands as is possible for the positively chal:g:: Bl WL ool
o, 3 *Mmai o 1 =ell < e E .
s ;T.t-;:1:1::l-.[l‘;::::::lit:f::f,g,l:g-‘md"hamc‘a'n stablhzeI(I)_\_'\._'_gzldatllonstales- ot rlz‘f, Q;(CO),NCOz
. ISSESSes vacy itals in addition to lone pairs. The formation "l 0s0,+9€0 Zgam
bond by the donation of a lone pair of electrons into the suitable vacant metal orbitals ! ”
excessive negative charge on the metal (in zero or negatjve oxidation state). To count
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[ze0 }=— L ised by photolysi Y ey |2 ™
3 Photolysis or thermolysis. Higher carbonyls can'be SyRHIREaRA By Protolysa e m"""‘“lm ”l—-k\\
of lower metal carbonyls. . E j
2Fe(CO)y —* Fe,(CO), +CO " E = EI I
hv 5 '_‘.5: - gI} |
305(CO), ——  0s,(CO),; +3C0O 953 ¢ §| :
I ZE8=EL i
2C0,(CO), — Co,(CO),, +4CO -
Reactions of Metal Carbonyls \ |
These are mostly air and moisture sensifives. Some common metal carbonyls and meirphysu o =
slates are given in Table 5.3 . -E 'ﬁ _g
The reactions of metal carbonyls are enormously varied, We discuss some of the importyy =g, & % ,_,gq §-
commaon reactions , ) . 8 u@ 8 g 8‘ E% 5 6? ;-"&'
J.Displacement reactions, Metal carbonyls undergo displacement reactions in Whichmum <| == E n.-;" ] =] 5%y 3 g
more CO ligands may be displaced in contact wilh electron donors (Lewis bases) such as pyridine, = (3 EEd® & E g‘g STu=
phosphines (R,P), isocyanides (RNC), ete. A malecule of CO Is replaced by an electron pair donr, - —
Therefore, a six electron donor (like benzene) could displace three CO molecules. Some of the " x = % il EE " _ %
common displacement reactions are ; 'é\ Ei- _% 3 ’8 0 § ﬁ 'LE E . a'l “‘E 1
Fe(CO), + Ph,P  ——  Fe(CO), PPh, + CO ] PSP | IR Lo L B = 5 b xE Ry Eaz- =
I?L-[CO}, I ZPIH!I’ e Fl:(CO)3 ([‘Ph_yl‘j + 200 'g N 8 E 81 g m 8 &g 8'3 8 %.%F‘i 8'; T .;- a § .g LEJEQ,; ré-
. i - " od H.g S |F= adT BEEEELT
Moi{CO}, H—'L'{,—» Mo(CO)s Py —_'g{)&. Mo(CO), Py, —(':(J’,—+ Mo(CO); Pyy o &Y g SElE E';t‘. Fleefea s %‘ EISEZTEEES LE
uE
CrCO), + CH, —— (C,H,) Cr(CO), e S
-3C0 el 53 3 i 3 3
2e(CO), + 2CH, v l(n® - C H,) Fe (CO),), o ] % e :5. A E’ft
(Cyclopentadicene behaves as 5e donor) L s| <l > H . g i3 S 5
Fe(CO), + Me,Si NC + (Me, Si NC) Fe (CO), E E E,@ | a, <2 EE [
Mo(CO), + C,H1,Na » Na (= C,H,) Mo(CO,1 < & 58 B E d3R i
Similarly, RC = CR behaves as a 4 electron donor. w5 o e
Co,(COJ, + RC » CR > Co, (CO),(RCuCR) ¢ 4
-2C0 v 2 .
2. Formalion of carbonyl anionic complexes. The metal carbonyls can be converted Intoan fls ‘5.;, T .E‘.- B
known as carbonylate ions by the following methods : > % £ 8 E‘gﬁ (o E:g
(i) Metal carbonyls react with bases to give carbonylate fon 5 = g0 T % -] 5 g CEg g
Fe(CO), + OF1~ »  [Fe(CO), P~ +H* +CO, §g 3z =52 i it
KO, MeOI . §%EAS L
Fe,(CO), » (EN), [Fe,(CO),) T
Ey NI olt - T EE
The reaction is believed to proceed hy'nuclcophll.ic attack of OH— fon on the carbon atom & i ' E}ﬂ E B
carbonyl group followed by the electron transfer to the metal atom and formation of carbon - o W a E 5 [Eg o
which is converted into carbonate as ; ) > g, % E.E 8 & § PSR
o e s g
; " on ; — ____A—ﬂ"""’_- :
(CO), Fe(coy - 221, €O Fe—Co | = (Fe(cO)l-+H +CO < |8 §
b4 ¥ 2
Lo el % 3
In some eases, the mechanism is more complicated, o E ?3_//’~F_"_,_,-4-—-""
(1) Reduction of metal carbonyls with reducing, agents Pfﬂdlpllﬂ' carb[myl;llt' ant

A.'\

I
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reduction is carried out by alkali metal amalgams,
including liquid ammeonia.

C CHEMISTRY &3
hydride reagents and Na/K alloy inbagicos
Vi

Co,(CO), N‘?"}:% 2Na[Co(CO),]

Na!H§

Crco), —

Na,[Cr(CO),]

KH
—

Mn (CO), e

2K[Mn(CO),)

NaBH,
J—

RelCOh 5

Na,[Re,(CO),,|

NaBH,

Cr(CO), ——  Na,[Cry(CO),4l st

NH -
V(CO), + Na B Na* vicoy) -

(117) Many substituted carbonyl anions can be obtained by displacement of carbon mononide
from a metal carbonyl.

Ve .o
Me,NI* Mo(CO), —— Me,N[Mo(CO),1] + CO
Mo(CO), + NaB,H, —— Na[Mo(CO), B,H,] + CO
(iv) Metal carbonylate anions can be prepared by the reaction with CH, or C,H; radicals.

OCH,
(CO), Cr(CO) + CHy~ —» (CO),Cr:C/

; CH,
This occurs by the following mechanism : _
: o) OCH,
/ = H*, CH

(CO); Cr(CO) + CHy ——  |(CO), Cr—c¥ -—2;N!(COJ,Cr=C/

e = B

CH,| E ! CH, x

Tungsten hexacarbonyl reacts with azide according to above mechanism to convert ligand

to an isocyante group :
40
(CO), WICO) + Ny — (CO),W—C
Y
3_
l —NZ
Pl
H(:o-h’ W-N=C= 0] Rearrangement (Cols W— (‘\
P “SH PO RS
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o

rmation of cationiccarhgy, ¥l

Ompley

3 »
i by the reaction of carbon m 8. These may -
ST A In(CO)CI + €O + A CTM‘_Ide N4 3 Loy, :’idb::;med 0 the formation of comple
R\’(COI;Cl +AICT « CC; \1n{(‘0u‘ JMCI“ ‘_‘“CI:; or BF, for example,
COLI* Al }-
4

HCi, Bgy
Fe(Co), "
ilformaliunomel¢|~melalbDnds.Themet
mple elimination Teaction : ’
2M 2NaBH
o{CO), + A\JBH‘ —_— Na=|1\«101{(:0j |
Mn(CO).Br + Li Mn(CO). _ -Lir .
| | Li 5 —" (CO); Mn - Mn(CO).
WNG[NMHA’.CA& 'ONYLS :
bt Wb'haiwm'pa?roﬁlmmns
sheny Is, the CO molecule bonds itself the met,
“erctore, the metal carbonyls are regarded as o
stwon metals in three different ways as shown

(FeH(CO)) + 3y -
tmetal bonds can be 1o

rte OF b." s

rmed by powerful red ucing

|

onbaththe carbon and the oxygen atom. Inmetal
al atom through its carbon end as M +— €O,
rganemetallics. The CO ligand can bind to the
inFig 22.

(o]
C Ways ':’L P E%‘j
L ‘;/// ).’f kY
e
Vi ¥
M i M
(a) by

Fig, 22. Different ways of bonding of CO with metal atom.

14} Tt can act as tegminal ligand.
%) It can act as bridging ligand.
() 1t can act a triply bridging ligand.
e common of all is the terminal carbony’
Bonding ipy
'Ng in Linear M—C—O groups i3 .
® know that the Lewis acidity Df'c'glsf‘;?;zik is quite &
Tember of complexes in Tow O‘jdalim-swes 5 the multiple nature
id Icarbon bond in metal carbonyls is due 10 1€ ==
Nce alsg for this fact. e
" terms of resonance, the bonding I

ls. In all cases M"cﬁm"f&—ema" lipear.

The tendency of CO to form very large
stonishing. The high stability of
of M—CO bond. There is much
y al carbonyls may be represented as ©

M=C=0
for bonding €21 b€

vith lone.
|’:_'c

];1_(5— 0 givenin terms of molecular orbital theory as
Hoy, Tt ;
Ei\'gng:]:‘:?? the best explanation o elctrons on both € and oxygen atom as
=

rearhon (of COYand suitable empty orbital of
Tarl

Carbon l';'lonuxide has a triple bond ¥

the filled®
lcmd Me <0

l._ 2 - '

f(rll]e There is a dative overlap O
fal forming a dative sigm? o
'S is shown in Fig. 22 (4)
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Rt " -
erlap involving donation of electrons from filled metal d-orbita)g intg
(i) There is a 8-0V

bonding a*molecular orbitals. This results into the formation of M— co bond‘
vacant anhi-bon X

This Is also called back donation or back bondir Fig. 20 b)]
8] B- (
1 Bg.<U. I e f gu . the shaded )
he bonding in meta own in Fig.20. In these figures

[ —

| carbonyls is sh

r?prcsehl filled orbitals.
@"@":@c—o:——v CoMuCEcmmo:
. (a} o - OVERLAP
M+ CBOND

Q
TN &

Fig. 23. Representation of bonding in metal carbonyls.

FR_LP Qe P .

>
A NG N\
"
The formation of a dative bond tends to increase the electron density on the metal atom A

- OVEALAP
M -+ C BOND

the same time, the formation of nbond from metal to carbon tends todecrease the electron density
on metal. Then the formation of © bond increases the strength of M—CO bond. This accounts for
the fact that CO isavery weak Lewis base towards non-transition metal halides like BX, AlX,
ete. but forms very strong complexes with transition metals. This is obviouslv because of the
drift of nelectron density from M— C which increases the o donor power of CO.

Evidence in support  f Bonding

1. The formation of back bonding from metal to CO molecule results in decrease in electres
density on metal. This is supported by Ihe dipole moment studies. It has been observed that the
dipole moment of M — C bond is only very low about 0.5D suggesting a close approach b2
electronegativity.

2. The back bonding from metal to CO is expected to increase M — C bond strength with
corresponding weakening of C = 0. This is due to the fact that electrons from back bonding il
the anti-bonding MOs of CO. As a result, the bonding ability of CO will decrease. Therefore, 3
the M—C bond becomes stronger, the C = O bond becomes weaker. Therefore, the multipl
lmndmgr\\mu Id beevidenced by the shorter M—C bond as compared toM—C single bonds and
longer C— 0 bonds as compared lo normal C = O triple bonds. 1t has been observed that the
bond length in CO molecule is 1.128A and in metal carbonyls, it is oi-lhc order of Llﬁ.rr\‘ Th
:al.l::.lil l"-“ l‘m-‘-- s justified butitis very small (0.02A) and cannot givestrong evidence. Therefor
o h'm‘l"‘.F::l;".'r‘:-l‘;l":mvnls of COdoes not provide significant information because in the rang
direct measurem Ill )[fl‘:ncem@, €O bond length is relatively insensitive to bond order- HT
form such u:nlilnan::_ M—C single bonds is also difficult because zerovalent metals do ™

However, g understand the extent (o which the metal - carbon bonds get shortened in the

compaunds, an mdirecy
i method ] i : :
done by measuring the Je el Sk Bome ae “'n

bond M= aleo exjots, 0! M—CO bonds in the same moleeule in which some ot

070 A (when C g, sp hy ";““ the known covalent radius of X, and using covalent radius of C lo’

CObond in iy, ;.,.,\,.E-KJIF‘.‘.‘I::S:NF0'7?)\{Whrn Cissp*hybridised) then the length fora sing‘f”
This o e calculated and compared with the observed value.

Procedure may 4,
8 : Ay be lustrated
HCHCHNILL ) where there is
available for 5 Ihlmlm;.-

. ¥
by considering the example of Mo(dien) (CO)y l‘:ﬁ_‘u

* *Ingle Mo—N bond because amine N atom has no 0~

Y

‘MO“ETALLIC CHEMISTRY )
- covalent rad
W h:?nf"\‘]eiﬁ added, then ‘ﬁl:r:gtf:f‘si?:;g:] is Suhtralcled and the covalent radius of
?,; ‘:\L.i ength of Mo—CO 8¢ Mo—CO borid should be 2.32A.
~ (Bond length of Mo—N) — 5
= [2.32 ~0.70+070 = 2.323& (Covalent ragius of sp’N) + (covalent radius of sp C)
However: the observed bond len
_C=back bonding,.
:T_”“im“] spectra of metal carbonyls
|

[nfrared spectroscopy has given valuable support forbonding in metal carbonyls. These studies
sovide '“f“rm"'“i'“ ':_33 “:‘imgmd orders of M—C and C = O bonds, The decrease in C—O bond
f ¢ ¢ =
wderor force constantis estimated by studying the COstretching frequency ininfrared spectroscopy.
* heinfrared spectrais characterised by frequency of vibration, which is related to force constant

(1
|

Bth is 1944 which shows that there is an extensive

o) 28
1 [k ) f‘ -\ 20
- — = & s B e o=
Y= 2\ Ve o e ik
where 11 is reduced mass of bonded atoms with mass m, and m, and is givenas 1% 5
.
rom o Y
ml +"|z

The force constant is a measure of bond strength, The larger the force constant, the stronger the
sond and higher the vibrational frequency. For example, a triple bond has higher force constant and
serelore higher frequency than a double bond (C = C: 2200 cm™ land C=C:1650 cm—"). In infrared
svtrum the CO frequencies are generally very strong and therefore, can be conveniently used to
wudy the force constant or bond strength of CO bond in different bonding situations.

Frev CO has a infrared stretching frequency ol'll-ll&_cm_'. In the case of terminal carbonyl groups
“oeutral molecules, the CO frequency has been found to be 2125—1850 em™", This suggests that the
S strength of CO has deereased or the M—C bond strength has increased. This is only possible if
tere is back bonding from filled metal d-orbitals to the antibonding orbitals of CO. i

Now, when some changes are made that should increase lh}' extent of back M—C bonding, the
(O frequenaies are shifted to even lower values. For example, |fsun_\e‘CO groups are replaced by
accepting capacity, then the remaining co groups accept the drn
¢ extent in order to prevent accumulation of negative charge on
o decrease in the bond strength of CO which is indicated by
Ivenng in CO frequency. For example, consider lh‘? compie MU{‘CO:!) ;wne l:.WhICh thrge Lo
oup, o Mo(CO)._havebeen replaced by dieth)fll‘_nl-‘"f-“,nml-' HN(CH,CH,NH,),, -u:n (a rmllent:tte)‘

s complex has rih , CO groups only-l'ﬂlﬂﬁ'"-' tobin l\"l(.)((l'O)‘,_1 to accept the_b.nk d_on.u.lon from
Ml b yge :;]\: li m;d .;orﬁ,lainir:'-g N atom has no ability to accept back banding. This will reduce
the bopg ke ga oxient and consequently the CO stretching frequency is lowered
g, rength of CO to greater 2004 cm! in Mo(CO),-

Breater extent (1760 cm—) as compared to 2002 €1 A

“Bands wath low or negligible back
Setrons from the metal to a greate
Cmetal atom. This will result int

"4

i i
\ '\ < ¥
My "y

NH,

0C———MO4——nH, |

C oc
: dien in which 3CO groups are replaced by diene.

Fig. 24. Structure of diene MolCOly
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The oxidation state of the metal atom also affects the CO irequency in mietal carbonylg R 4]

which suggests the back bonding tendency in M — C bond. If we have 3 negative] iwiy
carbony late anion such as Co{C O}~ or [Fe(CO) ', then there will be greater nega li\-rch.a{{hdfﬁﬁd
metal As a result, we expecl more -back donation from metal to n orbitals of CO il‘ading lmm‘l
weakening of CObond. As a result, CO frequency will be lowered. The higher the "t‘i'.-lh\.-n fu
the greater is the lowering For example, when we go from Cr{COJ] 1o the iso ri(‘f!ﬂmict’ e,
having more negative charge, the frequency has been found to be 1860 cn—! correspand; (CO]‘...
frequency found at 2000 cm ' in Cr(CO),. "\Elbu‘
On the vther hand, the effect of posilive charge on the metal complex will have reve
With the positive charge on the metal atom, its back bonding tendency becomes lesser :;ﬂ{t‘l.
neutral molecule. As a result, the weakening in CO bond will be less and consequently the joye 2
InCO frequency will also be less. For example, the CO absorption frequency in MniCQ), :‘:h'm‘
em™! whereas its neutral isoelectronic molecule Cr(CO), has CO absorption frequency ‘I' 30001 2@0
Thus, it may be concluded that when changes are made which increases the extent of M__Cm’-".
bonding, the CO frequencies are lowered to greater extent. On the other hand, when char back
made that decrease the extent of M—C bonding, the CO frequencies are lowered to lesser “1:'
[Morcover, in the case of isoelectronic series, the anionic complex has lowest CO r“‘\l‘dﬂ\(‘)‘}ﬂ\j, h:
may be illustrated by comparing the CO frequencies of isoelectromic tons as . e

A;,;[uulc CHEMISTRY
A

K e binuclear mety) cart
ot ‘tures. Bach met

it AT alhag

rr“\n\ﬂ‘l in Fig. 5.
a¥

yls, Mco,

‘\'l!"'u‘ﬂ

oc

® MI'I
C()n oF Re haye metal-metal bonding
n

N
va /‘(‘:‘"

LY S

Broups The struchure of Mn,(CO),,

Co

/

oc
Fig.23, Structure of Mny(coy,,

) The binuclear (arhm,-[; such as Fe,(CO
5‘\\1
Fe,1CO), has three bridging Co
e 2641 The mcul-mculd'uunge i"ﬁf{rggsz A
(0 groups )

g+ n addition to metal-meta) Md"mmm% CGI(C_(;J,. h;;v bridging carbonyl
shown in Fig, 26.

placed Symmetrically around the Fe—Fe bond
and each Fe atom is bonded to three terminal

0s,{CO), has only one bridging carbonyl group and each Os atom has four terminal CO groups

g 26 (M)

Complex CO strelching Complex COstretching
frequency frequency

[NI(CO),] 2040 cm™! [Cr(CO),) 2000 !

Co(CO), ) 1920 cm! [Mn(CO),]* 2090 ¢t

[Fe(CO), |+ 1790 em! V(CO), |- 1860 cm

[Fe(CO) I 22Mem-! | e  neubal akbea

STRUCTURE OF METAL CARBONYLS
Mononuclear metal carbonyls

The mononuclear metal carbonyls have all terminal CO groups. The shapes are those expecind
from their formulae. For example, hexacarbonyls have regular octahedral structures (e . CriCo,
V(CO),, tetracarbonyls (¢.g. Ni(CO),) have tetrahedral structure. The pentacarbonyls (e g Fe(CO,
05(CO)y) have trigonal bipyramidal shape. The shapes of some mononuclear carbonyls is shows

below @
“’\ /m

& [es]
o\,: / ° N

I,
/ \ Foe——cO
- - / J / \
oc o ot . co
Cr(CO), Fe(CO), NiCO),

Structures of some mononuclear carbonyls.

Binuclear metal carbonyls et
The binuclear metal carbonyls have different types of structures. They show me

bonding and bridging CO groups in their molecules, Their structures are described ahead :

Co,ICON, has I_\\_-m of structure, In the solid state,
mdeach Coatom is ed to three terminal CO groups.

there are hwo bridging carbonyl groups
The two Co groups are bonded together

= metal - metal bond. In solutions, Cn,(CO}!rI;aa' Co—Cobond and each Coatom is bonded to four

wrmal CO groups as shown In Fig, 26 ().
sdged form in solutions of Coy(CO),.

TAYAYE

is structure is found to exist in equilibrium with the

. (o0 Osfco),

\7/ 0

{b) Os,{CO),

{8) Fe,(CON co
0 co co 22
VDY
/0 0——Cq——CO0
AC"\\ oc/' ' \
= co (8]
/ [ _; \ o
2 co co "
O
" {d) Cos(CO}y
; rbonyls.
(6 Cog(COh f some binuelesr €
ﬂs- 6. sn-ul:ﬂ-“" ol
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rminal CO groups, lherclz are some bridging carbony] Brous
‘The bridging CO groups are symmetrical and have equal M—C distay,

g carbonyl groups may be regarded as 2 electron 3cenrre%_ It may

3t the bridge occurs in conjunction with metal-metal bond. The carbon Imonnque bﬁdBe!

Besiog et e[ ;eg]-metal bonds are unstable. Thus, the r_net_a_l—me!al bond is essential f,
i bridges. The stability of CO bridges depends upon the size i the -"’-?-ET‘*“ atom. If
:;:I:ﬁ%"'zo‘;nsm largerinsize. the bridged structure become unstable relative tounbridge Stucturg,

i ili i hures i the size of the meta] i~
lalive stability of non bridged structures increases as the ——E?El_éi__
;hczv;f::.}_‘;%::r:ple, the smaller Fe atom in Fe, (CO), has 3 bridging CO groups whereas Bizge
‘bsmium in Os,(CO), has ane bridging CO group. _ o
The infrared spectral studies also help to show the presence of bridging CO group. The @
stretching frequency of brid ging group is lower than the terminal CO group. For example, terminal c ©
groups inCo,{CO), absorbs in the range 2000 — 2100 cm—" whereas bridging CO groups have bang,
in the range 1886 — 1857 cm™". ] )
It has been observed that in general, the CO frequencies for the terminal CO groups are in th,
range 1850 - 2150 cmand the frequencies for bridging CO groups are in the range 1750 - 1850 o
Triply bridging CO groups have still lower CO frequencies in the range 1620 to 1730 cm in neutry

molecules (Table 4).

2801

] We have seen that
in binuclear complexes. |
The bondingin bridgin

in addition to tel

Table 4. CO group frequency in different metal carbonyls.

Type of CO bond viCO) em—!
Uncoordinated 2143

Terminal 2150 — 1850 _
Doubly bridged 1850 — 1750
Triply bridged 1730 — 1620

Polynuclear metal carbonyls

The structures of polynuclear metal carbonyls are more complex. They contain metal- metal
bonds and terminal and bridging carbonyl groups. The structures of some polynuclear carbonyl are
discussed belaw :

(i) Among thetrinuclear carbonyls known at present, crystalline Os,(CO),; and Ru,(CO),, hase
thle structures as shown in Fig. 27 (g). In this structure, the metal atoms form an eguilater'ﬂ triangle
withno bridging CO groups. All the 12 CO groups are terminal. The structure of trinuclear caroonyl
Fe,(CQ), is different than that of Os,(CO),, and Ru,(CO),,. It has two bridging CO groups as shown
in Fig. 27 (b). The three Fe atoms form isosceles triangle with three Fe—Fe bonds.

0 i

oc
oc

co
/

M

co

co \ co
{3) M (CO),, M = Os or Au) (8] Fa,(CO) g

Fi
18- 27. Structures of (a) M, (CO), IM=0sor Ru) and (b} Fe,(CO),

b i

of :
fian”"“”b""ﬂs having the formyja g (Co) =]
ranL”“cm of four metal atoms, I case “II‘ICOJ‘I ‘:’?wM: Co,Rhor Ir have similar tetrahedsal
: { ~ " 'estructure is non bridged structure in which

s rlrfc(”.‘ terminal units haye SYmmetri
o C0_1[CO)12 and R@‘(COJJZ have structy Mangement of tetrahedron [Fig. 27 (a)]. On the other

pand 04 have e Te in which there -
e s oncuptet o2 U Wit e i 0 o sk o o oo
gaur"_" — . Y_ {CO]3 WP IFigls(b)]_ — 4 o

oc

OcC:
Co
Ocl\ h—— " o
o/ N
Ir
(¢) Iry (CO)y;

(b) M, (CO),; M=Co. Pl
(a) 11, (CON and (B) M,(CO), [M = Co, Rn]

i rbonyls
Fig. 28, Structures of some tetranuclea! &
[}
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. BIOINORGANIC CHEMISTRY

M any biochemical reactions depend upon the
presence of metal ions. These ions may be
present in certain specific positions in biomolecules
and may act to facilitate or inhibit the reactions
occurring in the biological systems. Bioinorganic
Chemistry is the branch of science which brings
inorganic chemistry into life processes by recognizing
the fundamental importance of life dependence on
metal ions. In a simple way bioinorganic chemistry
means the study of the roles of metalions in biology.

This branch is a fast developing branch of
Chemistry because of its importance in biological
systems. The advances in bioinorganic chemistry have
led to the understanding of biological systems and
insight into the structures and mysteries that nature
has. This has also helped us to synthesise and
characterize new inorganic compounds which
resemble those found in living systems.

SSENTIAL AND TRACE ELEMENTS IN BIOLOGICAL SYSTEMS

| Biomorganic chemistry means the inorganic elements in the chemistry of life. The studies of
iochemical reactions occurring within living systems have shown that certain metal ions play a

ital role in normal growth and functions of biological processes. The inorganic elements have

Mary functions such as skeletal components of bones and teeth, as electrolytes in maintaining
groups of many enzymes. The

vater balance in vascular system and tissues and in the prosthetic

bundance of elements in human body, earth's crust and sea water is given in Table 1:

Table 1. Chemical abundances of elements in human body;

earth's crust and sea water

Composition of Composition of Composition of
human body earth's crust sea water

63% HOYp>CONYe O 46.6% H 66%
25.5% Si 27.7% o) 33%

9.5% Al 8.1% Cl 0.33%

1.4% Fe 5.0% Na 0.28%
031% Ca 3.6% Mg  0.033%
0.22% Na 2.8% S 0.017%
0.03% K 2.6% Ca 0.006%
0.06% Mg 2.1% K 0.006%
0.05% Ti 0.44% C 0.0014%
0.03% H 0.14% Br  0.0005%
001% - C 0.20% ..

"

e

Scanned with Camééanner



Nisha
Highlight


‘J——""'—-—FTOACH TO INUHWANIV UHEMIS
MODERN APP

-hich are appreciably ab
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i ':Ias:)a;bundanr in sea water. Some of these elemeny,
phorus) are ants and animals. These eIements. mayll:lve P

tenance of)P Therefore, the clements may be ‘classified ag
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118
The inspection of
human body (except phos
essential for life and maink
(bulk) or in small guantities (
nonessential elements.

EMENTS : 2
B ybe definedas those elementswhicharerequired forthen

indi ible : p of t
flife of plants and animals. These are indispensible and "I"L e?bsence r'ihe‘se Elm
: ath or a severe malfunction of the organism. However, this rigorous cri e[:'lon annot 3
s:tisﬁed and this led to broader definition olfessenliahlyﬂﬁ] eh’r .
whenitsdeficient intake produges an impairment of function amtwhen the restorati Tof p
Taaled f ] tron or preti 2
els of that element relicves the impat nne ' ‘
ot 4 i ot completes its life cycle without the essential elements,

eessentialelementsma

grgaru'sm ne

The elements which donot play any positive role in biological systems are non

{t[ﬁmgnls Obvipusly, determining the essentiality of an element is very difficult.

i) the element is present in tissues of different elements at comparable concentra
\_y‘\fd-uysiolagical deficiency or abnormility appears when the clement is withdraws
diet !

L[ryjuﬁdpficiency or abnormality_can be relieved or prevented by the addi

element.

i
i
%

The criteria for an essential elements are :

#ies are accompanied by specific biochemical chan
or prevented when the deficiency is checked.
B

ra = -3 & .
]/{y}’ A specific biochemical Tunction is associated with a particular element.
Thus, essential elements arefndispensiblefo growTh antnormal-functioning
— e —— e
nd plants
[RACLLAN

ges which can ber

The essential elements may further be divided into fwo broad groups :

(i) Bulk elements or (i) Trace elements

(i) Bulk elements are the elements which are found in higher concentrations.

are those which are needed
It may be noted that
oncentrations, This ma

(i) Trace ele :
elements in very low concentrations.

to define the limits of beneficial or
organism. The essential element may b
Ple, selenium is an essential element in
& of live stock from eating plants that conce
ments required by every animal or plants are
fe recognized as ossentia] 1o life. These are
arln mmerals_ and 19 trace elements, These di

s shown in Fig. 1 i the order of their pelt

itis very difficult
; y vary from organism to
thigher than normal concentration. For exam
ne of the serious problem is the poisonin
k_-mvnt. The essential bulk or lrace ele
- There are about 30 elements which 3
ulk or structural elements, fiy

lements present in human body are

: ral Macrominerals Trace Ultra
I!I:S':'m e!e.mmrs elements elm:;a .
D, Sodium (Na), Iron (Fe), Nonmetals : Fluorine (F), Iodine
Potassium (K), Copper (Cu) (1), Selenium (Se), Silicon (S,
Magnesium (Mg), and Zing (zn)  2£senic (As), Boron (B) :
g]alﬂm-]m (Ca), pm——s Metals : Manganese (Mn),
P) orine (C1) and Molybdenum (Mo), Cobalt (Co),
phur (5) PO, 50,. Chromium (Cr}, Vanadium (V),
Nickel (Ni), Cadmium (Cd), Tin
= (5Sn), Lead (Pb), Lithium (Li).

et

"oﬁmmc CHEMISTRY

Table 2 Classification of eumlial elements, =

Not all the elements given in Table 2 as essential bulk or trace are requi by “ﬂ animal
For example, Na* is of vital importance to higher animals but it is not essential for man

a and most plants except blue green algae. On the other hiand, only some higher Eﬂ_ ts have
1 found to require aluminium, boron or vanadium. Similarly, molybdenum is essential to only
e organisms which derive their nitrogen from inorganic souces. A number of nul}m
ents may be considered as non nutritive and nontoxic but some like Ag*, Hg?, Pb? ,d:.mlﬁglﬂi;
. Similarly, selenium is essential in trace amounts for some animals but proves biﬁ -
er concentrations. It may be noted that even some essential elements may prove to

Boumed in larger amounts. N,
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ENTIAL BULK ELEMENTS )
The main essential bulk elements are : i
Polassium and Sodium

| Lp ¥ -\c

L ic cabi p I ; 3 i
s pund almost nversaly s he principal eTE T SR DT —0"+ 1O M55 ypo . /

lhrm. (‘f-l‘;r-n’tial to almost all organisms except blue sl’_ﬂ’“n_;%m dmﬂun Hy PO
U‘ cellular fluid and plays an important role in nerve Ml.lﬂﬂ ll ul‘;‘?ﬁuﬁ,'um -
~—Sodiums the major cation of extra cellular ﬂuld.l.l'l aniumaris. tn ‘ol ion, ~
i:ﬂ;ﬁrlponnni_ in nerve functioning in animals. II_n the major p'(:ncn ’ rTiebrgs,.
plasma. The main role of these cations alongwith CI anion is the osmotic prgulatio

\I(‘ and Na* ions also serve as essential activating jons for specific

tissue fluids.
These cations with Ca?* and Mg2*.jons are also important in the preservation of the

cell membranes and in the normal activity of excitable tissues.
" Calclum and Magnesium = -
Calcium and magnesium are present as carbonates and phosphates in the sheletal sty .
mammals as about %97 of Ca?* and 70% Mg¥. Calcium is essential for all organisms and b,
In cell Walls, bones and some cells as structural compongnt. In human blood, q;"u : ] .
in the plasma In which about 50% 14 iiJonic form and remaining is present in combl Adenosine diphosphate (ADP) ™
nondiffusable form) with serum pmlelﬂ)l‘hﬁ impaortant minerals in biological st - (
contalning calcium are given in Table 3. e

| It has been observed that the activating effect of Mg?* In transphosphorylation may be
tcated i oitro by Mn(ID). In some other reactions Mg?* isduplicated by Ca®*, Co?*, Zn?* or Ni®*.

Table 3 Calcium contalning minerals in biological structural ma | Fhosphate ‘)
Mineral Formula Organism Locatlon | The umportant reéactions Involving inorganic phosphorus compounds are the inco E’ @
—Calcita— CaCO, Dirds 3 release of phosphate groups inand fmmﬂlf%’oundl and skeletal materials (bones
Lrdon o —— -Egg heih 701 phosphate compounds are nucleotides, polynucleotides and phosphioliptds; The Eg;a ]
A Zlcnie ’C_aC_OL_' Mollusks Shells tance of phoaphate group is in metabolism of carbohydrates, fats, proteins and vitamins The
Hydroxyapatite Cay (PO,), (OH) Veriebrates T v of phosphorus in bones and its function in regulation of pH of the blood are very impartant.
.mammals # normal formation of bones dcpenf_s_g_@flhg_mh f dietary phosphorus, and

tive-amoun
£um in additon to vitamin O —— ,
ESSENTIAL TRACE ELEMENTS '
The nineteen essentlal trace elements include three prominent biologically active metals : iran,

.MC:lziur_n_r -necessary to all gellular organisms, It plays important role in muscle co CL)
stabillzation of certain enzymes. It is also involved in blood clotting,.

Though calcium is relativel . l
- R » hirmlr“' o % k. rand zj 1al el ts are o id d as v use M
dietry defic : o ecrease of Ca?* content in b zinc. All the remaining essentlal e
| l“"?;" 6: I:;:Cit?;:lm;“: sy S (;r i way bl !‘:e les3 than 10 mg in the adult human with the exOEP::‘u? of ﬂn?;iﬂne_lndm the a ﬂ";tri 1
On e ate - an_excess of Ca? in the blood may lead to calcificatie § e;nemm tlm-nenkmﬁtl trace elements la.fghted to their pation action of vai
bsedled ey T — 4 Ymes. The trace e e Tshic groupe I :
e 7 tial because serve as required prosthetic groups in active sites and/or as coenzymes for

o organisms, istril : p 4 .
r‘f-ll':u:llnll.nl:; "I“n. Mg!* s present in reds’c\-l::‘:h-:a ‘;:n;'::::n': :':e Msl:'ml::m o !I - meulloenzymﬁaf A R =

“latively more, It is alsg 1 v ; ron d
Iﬂ!v.lll.nu Tunctions, My 50 present in chlomphyll. It has electrochemical and Among the trace elemnents, iron is one of the metals found in greatest ilbl_]ﬂdlllﬂ in b;olosiul

lons play an |
rnc}[i;w\:_ i e . Y an important role as an activating ion in many' : NS in the form of porphyrin complexes or hemes such as hemoglobin and myoglnbln.Ofll}!-
ool e P ; on in the huma (aboutd3 perTGkgbudywelsht),lbout?ﬂ%ispnm!i.nhemoglobm
Important. It hay | B With ATP (adenosine tri hoph ds about 39, ; nvocy . ining iron Is stored as ferrjtin
wex oen studied hat al| Phophate) and other nucleot % in myoglobin. Most of the remaining iron § ferritin.
nh ransphosphorylation reactions invelving —_— T

1y i the presen ,
nee of Mp2s ATP
BOURCE 10 der e B ATP s kno .
- teloderive most of the chemical re ; Wi as energy rich molecule and is used
version and Mgt complex of < D-n’-{’“h“_“l-'l].h.'lﬂﬁnl‘iium rl)fl-lr_‘ i

A . ATP
hange of hydrolysis of ATP WADP is l‘\)nai.dl-rled to be involved) The standard
iphosphate) is estimated to be '
e

,Ffmun is major fron storage protein in mammals but |t is also found in plant chloroplasts and

8- 1is distribyl ly in the splegn, 1iver - of w-shellal peotein
’:_’:"itm) sub t:;n;t.n?un-gundmg a micelle of ferric I;ydrt:;idruge-pho?f"kw i
Sitioy The iron content of ferritin varies from zereJo about Z%—
Fosition Fe (OOH),. E,I:eon"oatel:‘)j reduction of ferric fans to ferraas T0nS at

"ﬂmm:l_n_n_n from ferrit
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-——xﬂm‘”ﬂm Fe* is in equilibrium with iron in the liver, spleen and bone marrow,
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’ tesb!- 1out 24 sub units. The apoferritin
jssocatest t 24 sul .
. i te[:i\: t:; 2% in the biosynthesis of othermo
ria v :

= P wiment of crystalline apoferritin with an ino
govsehe b rritin is formed in Tioo by
: ba—"m’v‘&i 2?:1-0-? tuffs to hemoglobin and to
O, It be .
The pathway of Fe’

i R
OR;F;:" of dietary material is reduced to Fe=" in the gastromntestinal tract.
U 4

-('"}TheFe:‘h'lmumisalsbcmve:rtedtaf:e}plasnilaf@‘l‘lnﬂhyiron—' nding
= il

In the tissues, the following changes are believed to occur :
-

- \
ol v o
_,Lf Transferrin

Sevm , g

"-\

Liver, spleen, bone marrow 2y
Bound Fe*™ € z

-~
¥
Apoferritin

Porpphyrin Globin

Heme (;97‘) _% Hemoglobin

dialysis. The approximate formula weighy o Sy

o

. rty
fem
ferritin involves the g

o) s TFaon e cosa, Fe ncorporated i
{ ) After absorption m olhecel!so[themtestuwlmu =, 15 orated !

» Ferrifin(Fe2) §
4

N

N

bul;

is essentiz] to 2l organisms a

nd js a constituent of redox enz

nIYMES pLay an important roleAm i
sm iR bedy §

hemozlobin formaticn

P,

afion o

Probaly copper

contz
olved i some stepd e deficienty ol copper in human system d
characterized not only by marked derease in the total |
but 2lso by an increased amo:

The excess of top
the copper metsbol;

% : 4VEnously, Defic
l, Brazing animals. Adding cobalt sl ¢ cor o CY

L

kidney or brain, Patients s
: ontrolled doses of EDTA whic
which get excreted throw

~ Irfighercon
mammals also 4,

—Cobajr—

perinhuman body is also harmful
<m of human system in su
eposited in excess in th

- A disease known as Wilson d
ch a way that it absorbs excessive
eliver,

h forms a water soluble compl
#h urine,
cerfrations;

copper is highly toxic to invertibrates and mod-erately

i
Cobalt is also essential trace element which js essentia I
mals,

lobin in vipe However, it is

highly toxic to plants gnd moé
of cobalt in soj] adversely affed

ed their health.
T

_nction.ltishig]ﬂytoxic tomost plants and is a cumm

Lead

Ithasnoknuwnbiologjcalfu

5 to soil,

e — = _'_-—'_FM.M
OCyarinis oxygen carrier and su 125 OXygen to certain aquatic creaturesa
Copper ing enzymes rﬂ_

Cin,

iron and heme content in blood
unt of free porphyrin u'l_ihl_t_efmrxylé

hich i 1 for many organisms
constituent of

vitamin B,, which is

1
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O Al Itinhibits the synthesis of hemongar
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L ecause it catatyses the normally slow carbonic
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s Mammals and
4 B IS anemia.”

o 1. One of the symptoms of leaq Poisonin o
gem- LIETT T
zinc

Zinc is an essential element for almost a
L =Talewis acid i

isvery toxic for central nervous

I organisms. It is used in more

It
: cal systems: T as compared to other divalent
ves a3 . +
:::mf- like Mg*", (-;f or N e, acts as a stronger LewPis acid towards
¥ olecules. The Zn complexes are also much more labile than the corres
bioo, Ni°", or Mni" and thie geometry of Zn?+ complexeS T Taaleas com
it~ complexes: Zinc containin

ponding complexes of
ared to L‘rmsen?ME“,Cu"
sm?m'mwu@mm[ for respiration in arimals

cid- carbon dioxide reaction equilibrium.

molecule and has a molecular wéight 0f30.000 Tthasa
on four coordinata?n_ﬂ'lw_mmﬂ%run?ﬂ’_h which three

ofthe EE?__nds are the immadazole
ens of three histidines and fourth is water molecule or ydroxide ion. The carben dioxide
hydration and dehydration of carbonic acid equili

ilibrium is pH dependent.

Carboxypeptidase is also zinc containin

8 enzyme havi -amino-acid-Tesi
fcluding ' ionyl residui e calta}“'ﬁc}_'!'dmﬂ"ilsgfpephdebomis.]’\s
jctivity is directed specially towards carboxyl terminal peptide bonds.

R o] R" O R"
| L. | | ~ i
—CH—C—NH—CH—C—NH—CH—C0O0 —Gmp—mph
i 'J‘w ~J e -
=1 U | -
—CH—C—NH—CH—COO"~ + Hs__N—CH—FOO
nnsenzyzng__lgi___lecmfg It hydrolyses those,palypeptides in which the terminal amino acid

ggment has an aromatic or hatic sl LR

———— toxici amounts.
The deficiency of this enzyme m‘“"?”“;ﬁ%“_s ity v i E
owever, excess over doses may cause diarrhea and vomitting Gt

T T
Selenium = . o hi . 1t is component of
Selenium is essential trace element for mammals and some higher plants. Ti is

i i tems
; stituent of some enzymes and projects biological
utathione peroxidase. It is an essential constituent of so :;:?:V - n‘; AT ions. It is m, tely
2inst Tree radical GXidants, stresses and protects agains :

: 3 Live stocks
inhi in verslow concentations.
ic ighly toxic to mammals in higher or even invery e
ow : &iz;z:ﬂqﬂz’iem pastures suffer from white mc:;clt:aclh:z:‘sz.ul;k;\;:; mm
AVing higher selenium concentration, they suffer from ; ploonmns. :
Molybdenum ! < . : ible exception of greenalgae. It is
It i"::?(ef\tial trace elem\ t:gr all organisms with the passible excep B ‘ﬁﬁ
Yue icharé : r“‘_m"'
ns L;]!tug n O(: several enzy r::.:[‘;bdenu o inbiological systems may cauile cf-ppe:de u:nc)r
Smodera 3 Y
d iy i‘*ﬂﬁmt like syndrome. . . Wa&- v X PN .
Chromium = n l,' tmaduuhumnbﬂdywwaﬂ
1Lis an essential trace element whichis Ao 05 and ingds itain the correct
in\'u!\-ud in SIUCOS‘! met, ism m‘.ih%’imﬁ ﬂisuh’lw- L =
Blucose in themﬁ i . te it is carcinogenic.
{tis highly toxic as Cr (VI) in which sta -

e
e roduced in
. The Mn{1l): P
: . It activates numerous enzymes. The
Itis essential to all org ki :
-‘--_-'___—-—--—-_'_. I

| 3

Scanned with CamScanner

. N
Carbonic S
<o O e Al
20D+ H0 Spydme HCOMag ol
The enzyme has one atom of zinc



which excrete it out into the urine.

. AFIRAC R th and leads to inferti):,. .
The deficiency of manganese in soil inhibits plant grow neeacs rtility i
which consume such plants.

Nickel /P

z : ‘and plant ure
Nickel is an essential trace element for several.,l'ly.d,rm__:grlé;a‘;? and plant ases |
, €nzymes). Its deficiency in food slows down the functioning of the liver in chicks and J.‘aj;d%
\ def_ic:imt diet.

It is highly toxi and moderately toxic to mammals. It is ca
in higher concentrations in biological s

rdﬂOgEnici;
ystems: 3 \h
Arseni K
A€ an ultra trace element in red algae, chick, rat, pig,
humiars. Its deficiency in chicks results in dep

MODERN APPROACH TO INORGANIC CHEMISI‘HH _
. tl:ﬂx converts nitrogenous waste products into urea which is carried by the blogg .
the liver t: w‘ |

goat and some Mammals W

ressed growth.

Itis moderately toxic to plantsand highly toxic to mammals when present i, MOre thy,
trace amounts, '

Cadmium T e

isisanultra trace element ang has practically nosi gnificant use in livin 8 Organisms Jr;
Er;l)‘-‘?rbgiamsms- It is cummulative Poison in mammals causing renal failure, hypgrte e,
disorders of bone marrow.
Mercury

: It has Practically no biological functi i
also cummulative Poison for mammals,
Nonmetals

Itisanimportant artofer ; -

1 =, IES ATP di 1 e

as apatite Ca_ i)ﬁ )2 X where whga “E]:_"MES_LI_ , and is an Important component oft
tissue in the sEelefchur Veriebrate;?t?;; OH, the hydmx}r apatite is the

Major componentd
of ﬂuorapatite, Ca; (PO, F suenﬁmfﬂmwgrﬁﬂ
from fermenting organ;s Material i Lo ¢ structure and makes it less sqlyha

teeth in the acd B
Chloride -~
Itist i
an maﬁm}}:lsmz]sobl:lilg?nlco only foung Wwithinan Wlthoutthecel] Itis essential for high®}’
in electrolyte. In HCl, it is essental in d; of
Infants can e W alIndigestic Juices. The deficiency
. lodine '

It is an essential const; - p o
; tituent of i impc
Metabolism g it regu]ation.n the thyroig hormone ¢.8- thyroxine which is impo® §
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