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Carbon



The Fullerenes — Molecular forms of Carbon
» All have 12 pentagonal faces, 145.5 pm on a side.
»C,, has 20 hexagonal faces, 139 pm,_ ., on a side.
» The C=C between two pentagons is electron rich,

» The pentagons themselves are electron poor.

» The LUMO of C, Is triply degenerate. Fullerides
Cqolto®, Cg % are superconducting below T = 28K.

» Fullerenes may encapsulate metal atoms or small
clusters. Clusters lose 3 electrons to the fullerene.

»La@ C,, is La** @ C,,>.



Meso-Cg ki - S Symmetry

A crystal structure
of the Cy,F,g ISOMers
shows distortion of
the fullerene cage.

Osps-sp® 154-163 pm
Osp3-sp? 149-153 pm
dsp2-sp? 136-140 pm

Out of 20 million
possible isomers the
fluorination
reactions results in
only the RR, SS and
RS (meso) isomers.




Space Filling Model — meso-C,F 4

It Is apparent from
the space-filling
model shown here
that there is
Insufficient space
over the double
bond (blue) for an
additional pair of
fluorine atoms
(green). However,
molecules such as
CeoF 450 and

CsoF 150, have been
observed in the
mass spectrogram.




Carbides

. Direct Combination of the elements above
2000°C.

. Reaction of the metal oxide with carbon at high
temperatures.

. Reaction of heated metal with gaseous
hydrocarbon.

. Reaction of acetylene with electropositive metals
In liguid ammonia.



Carbides

a) Methanides: Be,C Al,C, 2 Be2+ C* is suggested
—— by "ab initio" calculations.
H,O or H”
Hy

Al4Cs is a layer lattice; two types {AlC,} tetrahedra; two types of C atoms
inone Cis CN 6, dpic =217 pm, in the second type Cis CN 5, dac = 190-
194 pm and the 5th is dajc =221 pm, the shortest dcc = 316 pm.

b) Ethanides:  M,C, (Gp 1): MC, (Gp2) C=Ct

LnC,, |_n4((:2)3 Isostructural with above but
retaining metallic electrons.

: : : o 4-
Li,C3 & Mg,C5 contain the linear {:C=C=C:} lon.
H20\ 3= CH,C=CH

.- Iy = covalent radius of Carbon.
c) Interstitial: R = r.ry X
v = 1/2dym of metal.

The structures of carbides with R <0.59 (rys = 135 pm; Ti, Zr, Hf, V, Nb, Ta,
Mo, W) are simple hcp, ccp or bcc lattices. The small C atoms fit into
octahedral holes (interstices). The carbides have great hardness and very

high melting points. They are metallic conductors and have ductility only
at very high temperatures.



Carbides

d) Carbido Complexes

[RhgC(CO)y5]% [FesC(CO) 5]
NN A ,.!,:Q(CO)3

‘ "/ (CO)gFe ~3Fe(CO)s
Sns VP (CO)zFe= Fe(CO)3

In each, Cis a 4 electron donor

O Rh
® Carbide C [RU6C(CO)17] & [Fe6C(CO)16] 2.
O Carbonyl C (CO)
M
[Rh1,C5(CO)25] |
has an ethanide, dc.c=147pm - MM
M=




Carbon Oxides & C, Chemistry

2C + O, —>» 2CO C + Ob —> CO,

C +HO —> CO + H, C + CO, === 2CO

CO +H,0 —> CO,+ H, 2CO,

2CO + 0,

CO, + 2 NHy —255°C_, NH,CO, NH," —2»

NH,CONH,

ammonium carbamate urea

CH, + 2H,0 —> CO, + 2 H, A major source of
process hydrogen.

Na,COz + H,0 + CO, === 2NaHCO;

CO + X; —> COX, 2Na +2CO > Na’ 'OC=CO Na’
X=F,Cl, Br



Carbon Oxides & C, Chemistry

Reduction to Methanol: CO + 2H, —> CH30H

O
Acetic acid: CH;OH + CO —> CH3COH

O
|
oxo Process: RCH=CH, + CO + H, —> RCH,CH,CH

O

I
Acrylic Acid: HC=CH + CO + CH;OH —> H,C=CHCOCH;
Methane: CO + 3H, —> CH; + H,0

Fischer-Tropsch: N CO + 2n+lH, ——> H(CH;),H + n H,O

Amination: CO + 3 NH3 E— CH3NH2 + N2 + Hzo + H2
T
Carbonylation: CO, + M-R —> RCO M



Carbon Dioxide & Carbonate as Ligands

CO; (CeHy1)4P Lpnic = 103° pseudo 3-coordinate
6'111)3 O only a few complexes known
\Nic}_?f.P.T.--Cﬁ? pm
7o [122pm Lo = 133°
0CO =
(C6H11)3P 199 pm O ) ]
Lenio = 37
COg> Lo~ <|3 ~~~~~~~~~~~ L
u” Cu
(C6H5)3P 224 pm - SN /C\ / \
ZPP'[P = 98 20 Pt‘: ——————— é _0-_7— pm \]'C2:8 pm O O
(CgHs)3P "0~ N0

CeHs

[Pt(PPhB)B] + C02 + 02 W [Pt(CO3)(PPh3)2] + O=PPh3



Carbon Disulfide & Derivatives
4S + CHy 22E» 2H,5 + S=C=S

Carbon disulfide is important industrially,
toxic, foul smelling, very complex chemistry.

Important Derivatives:

/.S
- > o Y Xanthates (dithiocarbonates)
RO T CSZ R—O C\ R = Et used to make viscose rayon.
S
S
R + CS, — R_C\ Dithiocarboxylates
S
S
/ Dithiocarbamates, very
MNRz + CSZ —> RzN—C important fungicides w/
AN M = Zn, Zn, Fe
S

O S—M S

S, S ;
R S S V4 AN
I @I R\\'C/S RZN_C%‘S . C%S/M
N S
R AN
R SO S S RIN—C M

© Ng



Carbon Disulfide as a Ligand

Many examples & many modes of bonding:

> S—M S—M
/ / /
/C|3 /<|3 I\/I—C\\
M M
S
224 pm M C,/’/ \M
(C6H5)3P\) 206.3 p_[r)____cl:ws \\S/
L pptp =107.1° Pt"" 455 / 21 scs = 136.2°
e 172 pm
(CeHs)3P 5 “““““ i
Lppio =107.9° 234.6 pm 232.8 pm C/S
M= |\



Organofluorine Chemistry

Perfluoroalkanes: R¢-F Ry =C,Fon+1  CF3, CoF5, C3F7, etc.

Perfluoroalkanes are unreactive except to active metals and solvated electrons.

R F _Fy R- -
Olefins (Alkenes): ' Nee—c” Ry gF2CF2
M  -R9. R—CFCF,OR

Perfluoroolefins are very electrophilic and react with many nucleophiles,
polymerize readily if terminal under anionic conditions. F- plays role OH™.

Alkynes (Acetylenes): F—C=C—F R—C=C—F R;—C=C—R;

unstable polymerizes readily stable
F F
F F F F
Arf = = Q —>RO- O + F
F | F F | OR
F F

nucleophilic aromatic substitution



Organofluorine Chemistry

0 oH
Carboxylic Acids: I HO Ortho-acids form
Rf_C_OH < Rf_cl:_OH reversibly.
More Acidic by 102 OH
Carboxylic Acid Fluorides:
O ]
F Primary alkoxide,

|
Rf_C_F =S Rf—CFZO_ primary alcohols are

unstable to loss of HF.

- I |

Ketones: _Fn —_— Secondary alkoxides are

O Rf C.: Rf unstable to loss of HF.

| F

R—C—R; OH
HF | Secondary alcohols are
—_— Rf—C—Rf more stable but are still
) ! unstable to loss of HF.

Tertiary Alcohols: F

Rf Ly Rf Tertiary alcohols are

stable and are weak acids.

| | i

Rf_C—OH _— Rf_C—O The alkoxides are only
| | weakly basic.
Ry Ry



Organofluorine Chemistry

a-hydryl primary alcohols (weakly acidic) & amines (weakly basic) are stable.
R—CH,0OH R—CH,NH,

T
R;—C—H  Aldehydes are electrophilic and polymerize easily.

R.—O—R Perfluorinated ethers are stable, non-lewis bases
f f and are very unreactive.

Rf_N_Rf Perfluorinated tertiary amines are stable, non-lewis
||? bases and are very unreactive.
f

RCF,—NH, —f» RCF=NH > R.C=N:

Primary amines and imines are unstable to HF loss. Nitriles polymerize easily.

R{CF,~NH-CF,R; —r» R(CF,—N=—CFR;

Secondary amines are unstable to HF loss. Imines polymerize if Rf not too bulky.



Organofluorine Chemistry

00 0 0O 0O
| F / \ SOZ II ”
RfCFz_CFZ < RfCFZ_CFZ TCI:%» RfC_CF3 + RfCFZ_CF
i, > 70% for
l": R = CF4
0 F | Ri=CFs
R{CF,—CF V
0
R(CF,—CF,—0O CFCF;—O—CFCF
CF3 CF3

n

HF lsa

Ri{CF,—CF,—O—CFCF,—O-—CFCF3 "Krytox" perfluoro-

| | polyether fluids &
CF3 CFj3 greases.

n



