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Chapter 8

Carbon

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

»The LUMO of Cy, is triply degenerate. Fullerides
Ceol08, Cq are superconducting below T = 28K.

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

»La@ Cq is La¥* @ Cg*.
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Space Filling Model — meso-Cg,F g

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
CgoF 40 and

CgoF 450, have been
observed in the
mass spectrogram.

Carbides

1. Direct Combination of the elements above
2000°C.

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

3. Reaction of heated metal with gaseous
hydrocarbon.

4. Reaction of acetylene with electropositive metals
in liquid ammonia.

Carbides
a) Methanides:  Be,C  Al,Cs 2 Be2* C*is suggested
— by "ab initio" calculations.

\H0 or H" CH,

Al4Czis alayer lattice; two types {AlC,} tetrahedra; two types of C atoms
inone Cis CN 6, dajc =217 pm, in the second type Cis CN 5, dc = 190-
194 pm and the 5th is dajc = 221 pm, the shortest dcc = 316 pm.

b) Ethanides:  MyC, (Gp1); MC, (Gp2) Fc=Cv

LnC,, |_n4(C2)3 Isostructural with above but
retaining metallic electrons.

. ) . o v 14
Li4,C3 &Mg,C; contain the linear [=C=C=C:} ion.
H,0\ > CH,C=CH
¢) Interstitial: R= ryrw I'y = covalent radius of Carbon.
Iy = /2dww of metal.

The structures of carbides with R < 0.59 (ry = 135 pm; Ti, Zr, Hf, V, Nb, Ta,
Mo, W) are simple hcp, ccp or bec 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
[RheC(CO)15]> [FesC(CO)1s]

In each, Cis a 4 electron donor

O Rh

® Carbide C [RUSC(CO)H] & [FESC(CO)le]Z'
0O Carbonyl C (CO)

[Rh1,C5(CO)2]

has an ethanide, dc.c = 147 pm

Carbon Oxides & C; Chemistry

2C + 0, —»> 2CO C + O, —> CO,
C +H0O —> CO + H, C + CO, == 2CO

CO +H,0 —> CO,+ H, 2CO, =—= 2CO + O,

CO, + 2 NHy —285C . NH,CO, NH," 2> NH,CONH,

ammonium carbamate urea

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

Na,COz + H,0 + CO, <¥== 2 NaHCOj;

CO + X —> COX, 2Na +2CO > Na“ ‘0C=CO Na*
X=F,Cl, Br

Carbon Oxides & C; Chemistry

Reduction to Methanol: CO + ZHZ — CH3OH

Q
Acetic acid: CHOH + CO —> CHCOH

|
Oxo Process:  RCH=CH, + CO + H, —> RCH,CH,CH
I

Acrylic Acid: HC=CH + CO + CH3OH —> H,C=CHCOCH;
Methane: CO +3H, —> CH; + H),O
Fischer-Tropsch: N CO + 2n+l1H, —— H(CHy),H + nH,O

Amination: CO + 3NHz —> CH3NH, + No + H,O + H,

(0]
]
Carbonylation: CO, + M-R —> RCO m*




Carbon Dioxide & Carbonate as Ligands
co,

Lpnic =103° pseudo 3-coordinate
(CGHll)SP\ e C/O only a few complexes known
Nis: —-C7117 pm
(CGH11)3P/ 199 pm 0/122 pm  ZLoco = 133°
Lenio =37°
CO52 | O .
(CeHs)3P cu” | Tcu
6Hs)3Pz2¢ pm i c /
Lppp = 98-2"\Pt~'.'.'_: 6;;'mo\128 pm O/ \O
CgHsg)3P C
(CeHs)s o—
Lppio=98.8°  Lpopo=64.0°
[Pt(PPhy);] + CO, + O, —S > [Pt(COy)(PPhy),] + O=PPh,

Carbon Disulfide & Derivatives

4s + CHy BC» 21,5 + S=C=S
203
Carbon disulfide is important industrially,
toxic, foul smelling, very complex chemistry.

Important Derivatives:

S
) 7
RO + CS; —> R-0—C RZEx Used to make wicose rayon.
S
S
R + CS, —> R*C._\ Dithiocarboxylates
S
/.S
MNR, + CS, — > RN—C/ e ey
\S M=2Zn, Zn, Fe
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Carbon Disulfide as a Ligand

Many examples & many modes of bonding:

S S—M S—M
/ / /
C Cc M—C
M| M \
S S S
S
2zapm M—C'./'.' \M
(C6H5)3P\) 206.3 pm___éws \S/
Lppp =107.1° /Ptj"j 5‘,/1721505 =136.2°
pm
(CeHs)sP 5 ~g
Lppio =107.9° 2346 pm 232.8pm c—S




Organofluorine Chemistry

R+F  R¢{=C,Fo+1 CF3, CoFs5, C3F7, etc.

Perfluoroalkanes are unreactive except to active metals and solvated electrons.

Perfluoroalkanes:

R F F B .
Olefins (Alkenes): ' No—g’ > Ry gFZCFZ
O £9% R-CFCF,0R

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
Al'f = = O —»ROV O + F
Y F F77 ToR
F F

nucleophilic aromatic substitution

Organofluorine ChergLstry

o
I

Carboxylic Acids: H,0 ‘ Ortho-acids form
R(—C—OH =— Rf7$7OH reversibly
More Acidic by 102 OH
Carboxylic Acid Fluorides:
e F
_ Primary alkoxide,
R—C— === R—CF,0 primaryalcohols are
unstable to loss of HF.
E g
Ketones: —_— —C— Secondary alkoxides are
[e) = Ry E Re unstable to loss of HF.
1l
Ri—C—R¢ OH
HF ] Secondary alcohols are
_— Ri—C—R;  more stable but are stil
] unstable to loss of HF.
Tertiary Alcohols: F
I‘?f e F‘af Tertiary alcohols are
! . stable and are weak acids
R—C—OH =—> Rf—C—O  The alkoxides are only
Il-l | weakly basic
f Ry

Organofluorine Chemistry

a-hydryl primary alcohols (weakly acidic) & amines (weakly basic) are stable.

R—CH,0OH Rf—CH,NH,

?
Rf*C*H Aldehydes are electrophilic and polymerize easily.
R—O—R, Perfluorinated ethers are stable, non-lewis bases

u T and are very unreactive.

Ri—N—R; Perfluorinated tertiary amines are stable, non-lewis

| bases and are very unreactive.

Ry

Y -HF N -HF _

R{CF;—NH, ——> R{CF=NH ——> R{C=N:

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

R(CF,~NH-CF,R; —HF»  RCF,~N—CFR;

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




Organofluorine Chemistry

Q
Q° S0, I

‘ - VARN I
RiCF,—CF, <t— R(CF,—CF, wo> RIC—CF3 + RCF,—CF

- > 70% for
-F R(= CFs
C”J F |Rf=CF3
R{CF,—CF

o
RCF,~CF,Of-CFCF,—0 (‘EF(H:F
CFy

N CF3
HF isa

RfCFz*CFZ*O CFCFZ*O CFCF3 "Krytox" perfluoro-
| | polyether fluids &
CF3 n CF3 greases.




