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Chapter 7

Aluminium, Gallium,

Indium and Thallium

Observations

»Aluminum is the most common metal, 8.3% wt.
of the earth’s crust. Ga, In, Tl are relatively rare.

»Aluminum is monoisotopic, excellent heat and
electrical conductor.

»Gallium has anomalous melting point (but not
boiling point) and anisotropic electrical resistivity:
al7.5,b8.20, ¢ 55.3; liquid is 25.8 .« ohm-cm.

»Thallium has a very stable oxidation state of one
and is very electropositive, corrodes in moist air.
I « 111 oxidative equilibria dominates its chemistry.

The Trihalides of Aluminum
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Halides once hydrated cannot be dehydrated. AlF; alone
does not form a hexahydrate.

AICl; —HO » [AI(H,0)g]3+ 3 CI- —heat 5 A|O(OH)eH,0 + 3HCI
o heat\ Al,O3
AlF; —H2 » AlFzenH,0 n=1,3,9
the affinity of Al for F OO




Complex Halides — Cryolite Structure

AlF; + 3NaF —> NasAlFg Aluminum Smelting

Synthetic cryolite has the perovskite structure (CaTiOg)a face-centered cubic
structure. No AlFg3-ions occur. Theis not clearly ionic since the Na-F and
Al-F distances are nearly equal. All Al occupy octahedral sites; 1/3 Na occupy
octahedral sites, 2/3 occupy 12 coordinate sites.
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Trihalides of Ga, In, Tl & Complex Halides

The trichloride of Al is important as Friedal Crafts & isomerization Catylist.
The trihalides of Ga resemble those of Al with some structural differences
The trihalides become less stable as one goes down the group

0395

GaCl, 242 pm 2 Other adducts vary
4 }T Clyl el between sq. pyd. &

InCl, J'd InCls2 v "}CI trig. bipyd. geometry.

square pyramidal
The trihalides of Tl are chemically quite distinct from the rest of the group

TIF, _HO TIOH); + 3HF NaTIF,  Fluorite Str.
mpg 550 C hydrolyses rapidly NasTIFg Cryolite Str.
[TI5Clg]3-  Two regular TiClg octahedra sharing a common face.
Ga(l) - In(l) G\ 2dioxane Cl cl ol 1z
vs.Ga()Ga(ll) Ga—Ga_ \ S0

c” v Cl g-Ga—Ga
TI() == TI(IIN) Gat[GaCl4]- CI/ Cl

Tl is TIT 13 but Tl is TIQN); Tl is TITTIl,

Hydrates, Hydroxides and Oxides

Acidity of M Al Ga In T
[M(H0)gl3*  pKa  4.95 2.6 3.7 1.15
* Needs "non-coordinating anion”
B(OH);3 AI(CH)3 Ga(OH);3 In(OH)3 TIOH
Acidic Amphoteric Basic Strongly Basic
~KOH
¢_100 c  100-1500 atmwég_ 200G ~100C
MO(OH) InO(OH) TI,0
layer lattice ~Rutile Str.  black platelets
¢N15° ¢ —OZT ~1000 C
M503 In,03 Tl,03
structurally Basic
very complex TOH'
See p 243 text
. SiO, CaO TI3
Al5(SiOg3)3 W Al,O03 @» Ca(AlOy),

Oxide Acceptor Oxide Donor




Important Aluminum Oxides

»a-Alumina — Al,O; — Corundum, Sapphire
including very strong optical glass, “Saffil” fibres.

»y-Alumina — Al,O, — “Activated alumina”, a
defect spinel structure.

»Sodium-f-alumina — NaAl;,0,, - Na,O -0.11Al,0,
—a “solid electrolyte” & Na* conductor, see Na/S
battery applications, p 678 text.

» Tricalcium Aluminate — CazAl,O4 — Principal
ingredient of “Portland Cement”.

Complex Metal Hydrides

Hydrides: Al, Ga, In, & Tl

Al + 3,H, —> no reaction

4 AICI; + 3LiAIH, —> 4 AlHy(EL,0), + 3 LiCl

a-AlH3 has 6 Oy, 3c-2e p-H's Eeef?qune
6 dpjar = 324 pm, 6 dpja) = 445 pm,
Zpinal = 141°, no Al-Al bonding. 4 AlH; Tq 150-200°C

H
| 2 N(CHg)s
(CH3)3N_.,A|\—N(CH3)3

H H

LiGaH; + MegN-HCl —> GaHyNMe; —» GaHs

Hydrides of In, Tl too unstable to isolate Viscous liq.
T, -15°C
LiMH, M= B Al Ga InTIl Tgec ~25°C

°C Tgec = 380° 100° 50°  O°




Al, Ga, In, & Tl -- Alkyls & Hydrides

Al + 3,H, + 2AIR3 —> 3AIRH

cf. Hydroboration
AlH; ineffective

AIELH + H,C=CH, —> AlEt,

dimeric dimeric

2Al + 3H, + 2A|2Et6»{6 EtzAIH} SHCTCH 3 AlLEtg

200 atm

2Al + 3Hp + 6(CHg),C=CH, —22C_» 2 AI[CH,CH(CHy),]3

cat. amts.
AI[CH,CH(CHy)ol5 monomeric

2 Al(CH,CH(CHz)3 2 {(CH3)3CHCH,)sAl—AI[CH,CH(CHg)ola
mp 40°C, diamagnetic

+
TIX; + 2 RMgX —>[R—TI—R | X
linear cation, isoelectronic with RoHg
R = Me, soluble and stable in water.

Aluminum Alkyls — The “Growth” Reaction

H,C=CH, H,C=CH (CH,CH,),Et
AlEt; —Tsgee> Et,AICH,CHEt e AIK—(CH,CHy),Et
100 atm 100 atm (CH,CHy),Et
@
HZCTCHZ CHCH,
/AI\ HL=CH, /AI\
Et ‘ Et ‘ E
Et Bk
Hzc:cmi
CH,CH,Et CH,CH,Et C\HzCHzEt
S CH
/AI/CHZ <« Al—CH, <7/AI<—10\H2
CH, o ‘ 2
Et Et/ GCH: Et
l Et Et Et

etc

Aluminum Alkyls — Ziegler-Natta Catalysis
TiCly + AloEts g { TIIDELClan | = LaTi-Et
brown suspension

Classical Mechanism:

H,C==CH, (‘:IﬁHz CHCH,
© or i

LTt —= LTIt LTi=CHy

CHs

==CH,
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L Ti—Et ——

H,C—CH, (‘ZHZCH3

LaTi ) CHuCH, — Etc. FHeclz

o \ L,Ti  CH,CHs

HyC—CH,

H,C==CH,
CH,CH,

©CH:CH;, (‘:HZCHZ

HCTCOH, i cH,
L Ti  CHxCHs

LaTi CHyCHy LoTi
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H,C—CH, <= 1. C—CH, H,C=CH,




Aluminum Alkyls — Ziegler-Natta Catalysis

» Classical mechanism requires chain transfer of
an ever increasing length chain, entropy
consideration as polymer chains become very long.

»The “concerted pathway” was invoked to counter
the entropy troubles above.

» Polypropylene is only “head-to-tail”, most
valuable polymer produced by Z-N catalysis. The
methyl groups alternate along the chain.

»Reactivity: terminal > geminal > internal olefins.
Only homopolymerization feasible.

Some Interesting Organometallics

Tl 241 pm
&SP
TIOH@q) + CsHe — A T
Tl
Trialkyl derivatives of Ga, In, Tl gas phase crystalline phase
are all monomeric. Those of Ga Indium compound has similar structure

& Tl tend to be liquids or low mp. din-ring = 285 & 309 pm; £In3 128°; £ring 177°

+ HsC, +
G F2chy In CHa
HaC
HyC CH,
H3C
HyC CHg CHj3




