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: 8.01. In this chapter we shall discuss the structures of a number of ] X 3
simple compounds of composition A4,,X., and also of some complex i r S "‘S"[“" and cuprous halides
oxides and sulphides of composition 4,, B, X,. We shall find among ¥ 8.04. The wonic radii of Cur and Ag- (096 and 1026 4, respectiveiy)
these compounds representatives of ionic, covalent and molecular are 1{1'~ﬂmf:dmt‘c bcu\'cc‘n lho‘se of Na- and K, and on the basis of
—— E:l’:xy 8eometrical considerations -:\ll tl.xc halides of these metals would
pected to resemble the alkali halides in their structures. T fagr,
) AX STRUCTURES - hawever, Agl and the four cuprous halides have the zincblende stry
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8.02. ‘I'hestructures of a number of AX halides are shown in table 8.01 ‘va::r: aem:l\rrﬂr?g,’.ell]]‘l?'l'ﬂ:lfmd of these qu and A{:Br_ are inso in
. ' 1 are discussed in the following paragraphs. X '“".-\N e .m 1};111, Aln Agl the mteratomic distance ls.A;l:l.\.'.\'
and are di ess than in AgBr, and in this salt, and in all the cuprous halides, the
. R binding is primurily covalent. Iy cuprous iodide, for example, the fonr
Table S.01. The structures of some AX halides bonds from cach copperand jodine wtom can be represented thus:
Zincblende or
.y . ‘urizite structure l
C:csium(zh\l.orsic.ii,s::ucwrc Sodium (Lgtt_).ﬂ::‘b;"ucmrc “ur(zc.x\'. 414 L— %u —_ - l_.
- — LiF LiCl LiBr Lil — e T T + In this way the copper atom (with electronic configuration 2, §, 13, ;%)
! - _ — NaF NaCl  NaBr t‘l‘l T it e S - effectively acquires seven electrons to give the krypton configuraiog .
- o KD & ‘RiE KCl‘l }zt?l;r Rbl = s - 8 H " 2,8, 18, 45% 4p%, and its four bonds may be.‘rcgarde\‘. as spi hyvlirids (of
; RbCl® * Rbbr ’ébll' lét:rl Ié:’c(:]- — = T cucl CuBr Cul S50 one 45 and'three 4 orbitals) with the normal tetrahedral cenliguratios,
| Cs_(_:.l Csﬁr - o -\gE; — Cu:_ - - " In terms of the concept of formal charges the atoms must be represented
: —_ —  AgF Ag A - HEF — - R >
PN NIe NILle —  NH(CI* NHBre NH[ KH.
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138 The strucrures of some simple compounds 8.08

poctions sad see able 1o wander {recly in a tluid state throughout the
sirwcture. At this temperature the electrical conductivity rises abruptly
and the framework of silver atoms may be regarded as ‘melting® into
wself; the finsl breakdown of the iodine framework takes place only
when the true melting point of 5§55 °C is reached. In its a-form silver
wxdide is another example of a defect structure. .

Ammonium halides
SO&  In the majority of its salts the ammonium ion NH,* behaves as
a spherical ion of radius about 1-48 A. This radius is very close to that of
the rubidium ion, and the corresponding ammonium and rubidium salts
are therefore often isostructural. Thus NH,CI, NH,Br and NH,I all
have the sodium chloride structure ut a sufficientlv hink 2c,...-—

e Temevy

- akhough at lower temperaturee *ho. Lo 5t the caesium chloride

arrangement.  Ammonium  fluoride, however, crystallizes with the
wurtzite structure with an (NH,)-F distance of 2:66 A, a distance
appreciably less than that to be expected on the basis of the radii of the
ions (148 +1-36 = 2-84 A). The reason for this abnormal behaviour of
ammonium fluoride is important and will be discussed later (§12.04).
The occurrence of the NH,* ion in the highly symmetrical sodium
chloride and caesium chloride structures is scemingly inconsistent with
its tetrahedral configuration and can be explained only on the assump-
ticn that the ion effectively acquires spherical symmetry by free rotation
under the influence of the encrgy of thermal agitation. We shall en-
counter many other examples of structures in which ions or molecules
are in free rotation, either at all temperatures or above a certain transition
temperature; all are examples of yet a further type of defect structure.

Hydrides and hydroxldes )
8.07. '”D;mjorily of the structures of compounds containing hydrogen
are so distinctive in their propertics that they are best discussed asa ;hu
apart (scc chapter 12). These remarks, however, do not :PPly to the
salt-like hydrides or to the hydroxides of the more clcctropo.smvc metals,
many of which form typically ionic structures resembling the cor-
responding halides in their propertics. )
The hydrides AH of all the alkali mctals are known; they all ‘orm
stable, colouricss crystals of relatively high melting point and all have
the sodium chloride structure in which the hydrogen occurs as the
nepatve ion H 'u./ radius 154 A. ‘I'his radius is interincdiate between

~

Sis . chloride structure, un arrany

8.07

AN strictures 139
the radii of the ions ¥~ and | , 10t

' itthe structural resemblunce
between hydrides and halides is readily understandatle,

In the limited number of AOH hydroxides which have as yet Leen
studied the OH- ion behaves as a spherical entity of radius 133
(again intermediate in size between the F- and Cl- ions), and some of
the crystal structures are analogous to those of the corresponding

halides. Thus KOH (at high temperatures) has the sodium chloride
structure,

Oxides and sulphides

8.08. The oxidesand ettt _; composition 40 and AS show a far
widae -

=z~ 7 sauctural types than the A1\ halides. Some of these
compounds are primarily ionic but in others the bonding is predosi-
nantly covalent; there are, morcover, some important ditferervis
between oxides and sulphides to which we refer later (§3.00). The strie-
tures we shall consider are summarized in table S.02, but there are 2o
others which we shall not discuss.

Table 8.02. The structures of some AX oxides and sulghides

Sodium chloride Zincblende Wurtzite PdO and reluted  NiAs
structure structure structure structures siracture
(c.N. 6:6) (eN. 3:9) (e~ 414) (e~ 3:9) [(SEARENY

—_ - BcO BeS —_ —_ - — —
MgO MgS - - - - - — e
Ci0 CaS - - - - <l e

8088 . - o ) I -

BaO BaS - - — —_ —l - -

vo — — - - —_ - - s

MnO NS —_ - - Mns - = =

FeO — = - - - - - Fes

Co0 - - - - - - - Cos

NiO - - - —_ - - — Nis

= - - — =8 = PO pas -

- e = - —_—. - O s -

= . — = - -- Cu0 -~ -

e — - Zns Zn0 YATES — e

- - [SX1S —_ vas =

- — -- s -3 - ok -

- .. Pus o 23

Oxides
8.09. The oxides of all the alkaline earth mietals except beryvllinn,

also of some of the transition

ctals, have the typically fonic sod

guitient consistent with the radius r.
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T : conantent with the prcture of o l\u::\nnu, on account of the
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ATV Nt ¢ U ; i
. e ructure the bonds have an appreciable degree of coulcn;
in thas struc . .
O edyd cly i BeO is one o
character. 1f, however, they are treated as purely ionic,

ioni : :nd in which the radius ratio is
he few examples of an ionic 4. compound in

' sf.@m.ty;};,O:o.s ik i

inographic broject s of the unit cell of the tetragonal structure
Fe a1 Clmornpl;nc 5;'}{::(;‘.0;@. PdS and P(S.

8.10. The influence of ooirzlcn’t bonding in the oxides is shown more

s of 2 y CuO. Zinc oxide has
cleasly in the struawres of Zn0, PdO, 110 and CuO. Zinc,

th ite structurc, although the sodium chloride arrangement would g
c wurtzs . 1 LhC sc

onding was joni ivel ¢
be expected if the bon_giing:u-as Jonic on account of the relatively larg

> 'stru is shown in 0
radius of the ion Zn¥, The structure of PdO and PtO is s

t itedi we have.as yet],
fig. 8.01 and will be seen to be quite,different from any we :

ic_cry vEach; ' is tetrahedrally.co-;
encountered in ionic, crystals. : Each)oxygen atom is

iy Yy 2o ’ P ;
- ordinated by metal atoms, but; the mectal atoms lhcmselvcs are ,nu-‘
rounded by four Oxyv gtﬂ‘ Iw‘ml dis Poscd mna Pll"c ah“ost at the corners

f 2 square. The structure of CuO is.a slightly distorted variant of the
° '

e

Al
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“ne arrangement, This distribution of Londs isan clegant example of
the stereochemistry of the metals concerned, all of which (i g,

A the divaleny
state) can form four planar dsp? hybrid bords, Thys

:Cu0, for example,
the four bonds from cach €opper and oxygen atom can be represented 25

! |
= I3
—Cu— g

—0—
i .

In this way the €OPPLr atom acquires a share in six extra clecizons 1o
achieve the configuration 2, §, 18, 45%5p% and ir is hybridization of ane
3d, onc 45 and two 4p orbitals which fory < the dsp? bond. In PO the
corresponding bond structure gives rise 1w the cenfiguration 2, §. :§, =8,
5575p'. One o, one s and two P orbitals are 2gain available for dip®
hybridization, but it is possible that the single unpaired electron in the
4p orbital in copper accounts for the strucriral difference between C=0
and PdO, and for the fact that there zre oo isomorphous compeounds of
copper and palladium. .

The distinction between these planar bonds i divalent copoe
the tetrahedral 5p3 bonds jn univalent copper will be noted.

-
!.l
i

Sulphides

however, are different in'structure ‘from the oxides, showing .thar the
tendency towards covalent bonding is more pronounced in sulphidas
than in oxides, as is to be expected from the relanv

of oxygen and sulphur. The sulphides of Pd and Pt have strucrures
closely resembling those of the correspondin

the characteristic Planar distribution of the four: dsp as” o
‘elements, - S5 e

Lo S1

The nickel arsenide structure
[ 7Sy

8.12. The sulphides'of V. Fe, C

= ..7.‘.4‘;>

by six X neighbours at th 'c‘Bx:r.\E;s of a distorted octahedron but the

six 4 neighbours of an X atom are disposed at the corners of a trigonal

would imply, for each A4 atom has also two other atoms of the same kind

e c!:cu-cnegui\'itiS»
g oxices, and again reveal .

m’these *

>0 and Ni have 3 Structure not Fepre. -
S sented among the oxides. ?his:aiigngemmt, found -alss in NiAsafier
- which it is named, i illustmtcdig'_ﬁg'._&pz. Each 4 atom is co-ordinited -

prism. The co-ordination, hdﬁv'cijer' is.n0t 25 simplé 25 thy by

e T S L T
[ el P -

»e
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The structures of some simple compounds 8.12

slightly more remote than its
from onc com-._

142
(those vertically above and below it) only
X neighbours. The bonding is obscure and may vary
pound to another, but it is probable that the

covalent and that metsllic bonds operate in
stoms in a vertical direction. This is consistent with the pronounced

anisotropy of the structure: the thermal expansion of nickel arsenid
itself is cight times greater perpendicular to the principal axis than slong

this direction,

addition between the 4

' ¢ xIpind i
Fig. 8.01. (a) Plan of the unit cell of the hexagunal structure of nickel arsenide, NiAs,
projecied on a plane perpendicular to the 2 aniv. (8) Clinogruphic projection of the
same structure. The two As stums fepresented by heavy circles are those within the
unit cell; the others lie outside the cell but have been sdded to show the co-ordinatior
about the Ni stom st 0,0, §.
R 37 R -~ 3
The nickel arsenide structure occurs not only in
in many other, compounds containing 3 transition metal and one of the
y ) ) s ) el o
elements Sn,:Pb-As, Sb, Bi, Se and Te. Many of these systems are
essentially intermetallic in their propertics and will be discussed further

in the chapter devoted to alloys. Here, however, it is interesting to note

that 25 the system becomes more metallic so the bonding in'the vertical .3
ction becomes stronger. Thus in ¢S the Fe-S and Fe-Fe distances 3

dire

A-X bonds arc primarily, ¢ 3 o

but if the two'2f Electrons are uncoupled and one is pro:mot

=30 kAN
the sulphides butalso’.

3 of Lh;.nngs. and overlap between these produces a delocalizad =
- to which the electrical conductivity may be aseribed; i boros @z 2

§.12 AX structures 143

o : .
fiu.:r byo-44 A, whereas in CoSb, o ing to compression of the str
in the z direction, this difference has shrunk to ooz A.

Nitrides

8.13." “A large number of clements form nitrides of compasition AN.
Those of the group 3 metals Al, Ga and In have the wuntzite structure
and are normal covalent compounds since the number of clectrons avail-
able s just that required to form four tetrahedral bunds about each atom
F(_:rfn:x]ly the structures could alternatively be regarded as fvnic, o 1:
taining the ions 43+ and N3-, and on this p'icxurc. tco, the co-oré::
u'ttu]d.bc fourfold on account of the small radius ratio r7:r=. Suck 2y iz -
point is, however, hardly tenable, for the ditference in electronegativity
(r; in the case of AIN) is insufficient to give more than a limited degree
of ionic character to the bond. - i

SIet el

8.14.  The nitrides (and phosphides) of many of the transition metals
form crystals with the sodium chloride structure. This deseription
however, must not be interpreted as implying that they are inaic i';
character, for in fact they display many of the properties of inte ‘
systems. For this reason a discussion of these nitrides is defesic!
chapter 13. o

Boron nitride

8.15. Boron nitride, BN, is polymorphous and in one forn has a laver
structure. Each layer consists of a plane sheet of boron and nitrogen f

. ato -ordi; g i
toms, cach co-ordinated by three of the other kind at the corners of an

equilateral tri:pg!c. “The planar distribution of the three bonds abuut the
boron atom arises, as we have seen (§4.08), from sp* hybradizanen, and
lh_" :b‘_)Ul"hc nitragen atom, which is to be contrasted with the *.-. g
nv:{d:l dlstpbulion of bonds in ammonia, must arise from the same .'lJ\
Nitrogen in its ground stute has the coatiguration i ‘

nisgla
.'éx.‘f‘a‘
two2f electr ed to, 33
the 2 orbiral \\‘c obtain the configuration 153, 2si2plaplap? with 4!1:'
" G i : s =2 SPz<Py=rz 2
::P;{-rned‘ 25, 2p, gnd.:p, orbitals available for sp* hybridization, ;Thy,
nding in boron nitride is thus similar to that in graphite, but with this.

i dxﬂcrt:.ncle: in graphite the carbon atoms, after sp* hybridization, have a
orbital containing one elec s di lase

3 i . Sndis
P g one clectron standing perpendicular te the plane

Yl

1
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CEPOsie: '
in the boron atom and are the superposizion o
- tale are vacant ol

vro

CXCSUNC WO plchered shicess e N 1ore co e
Plex sequences, s for eNaniple,

AABBA A or LA

- A . o tonm 7 bonds
‘T g nthat of nitrogen. Overlap

it by 1w ciactrons in that of nitrog AABBBA Ly ..
G lonw: passible, ==

i tharvion: B fenga po where the span of the fepeat unit is indicated by bold symbats, Inone
form the structure fepeats only after 33 layers, and the ¢ dimension o5
the hexagonal unit cej] i582:9 A The rcl:uionship between thege cors.
plex structures of carborundum and the sim

p~-  arrangements may be compar
Prascodymium and those of the simple close

rd silicides N '
: . 3‘, carbudes and silicides of composition AX are f(:irrl:xfciclz
T e d'l These carbides and silicides are chm:acu:nzc ]) g
“i:!\\? g x. ;-\ucmc hardness, optical opacity :\.nd re nxvady
e ?“"”r iy, Many of them have the sodium chloride
i coflbdc:x‘ol i-o.nic compounds; rather do th. v resemble tl::c
- h.“ xhc:\ :;( and phosphides in simulating allf:y systems in
paso i Sl '5" For this reason they will be ({lscusscd later.
pecsy lhcuf Pm,'\crll;)»l;' those of the more clectropositive mclalf, are
S C-"h'd‘_"- ';0‘? :ropcnics, being colourless, transparent n;\su-
o “c""]mic salts rather than mectal systems. 'T)c'sc
A """»\. wwpical structures will be described in the
carindes arce anmc; some vy

sollions > s ", compounds,
: { thi C"Ai!l\‘l’ devoted o A'\I and /1"..\ ¢ ]
sociions of a8

I
o
4
74
c.

cs
A

73

-
o
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"R
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"”
I
-
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Silicon carbide 1i t on
. . f cspccin interes
- . borundum, SiC) is of e: i

8.17. Silicon C?I:Idcl -(:;rphism. mojewey, thin Sis o & :):xlrn:-;
“account of i "cb,_-p:n)mctcd. cach carbon and ::!IC:n a?:"" G
known. As is to of the other kind, an ]
. inated by four atoms : es. The
hedrally co—;;f::;um have the zincblende aﬂd wun‘z;:': Sl:;l::;y been
— orﬁx'ronship between these two structures =l/!;X compounds
d.ose oy E. 13), and is emphasized by the pﬂf']']‘Y trated in fig. 8.03,
dxst;ls;:d (Z.n4é i:s;h')in which botl; are foun:. It';:a:; with onc of the 7
(including ZnS itse ; cture has been zite
zincblende stru I is of the wurtzite

where .lhe cu::-cri.ic:l and parallel 1o th princips ah:ltsl?:dx structures -
cube d':so\:'ahcn viewed in this way it will bc sccnrl eries of puckered
structure. lized as formed by the superposition o nl: ts are identic:
can be visuali but that in zincblende ) & ;dee ¢ related by
‘bce"s of ﬂw“::'d) whescas in wunli‘.e uley.'élgcr(}::!t‘::‘tmaur“ 023
(‘]be." through 180° about the principal axis. In ( ¥
rotaticn "

©:7Znor$;O:Sor2n

rojections of the structures of (a) zincblonde ang
the sequence of Laycrs in the W structurcs.

Fig. 8.03. Clinographic p
(4) wurtzire showing

‘ AX. STRUCTURES » =- -

e 8.18.  The different structures adopted by AX,:compounds are far
more numerous and show g fur greater di\'emitfoft)pé than those found

in AX compounds. Here we sha] discuss only a limited number of

. structures of common occurrence, but it 'must be borne in mind that

 there are in addition many other compoundAs'in_A\.vh.ich the structural

Jrangement is different, Ry g 4’.‘ :

g R e :
8.19. The. structures of the AX, halides which we shall discuss are
-shown in table 8.03. TR

B b Tonlc halldes e 4
N 8.20. Aggnli@nglc number of 4
'hx_‘\:c

L AAAAand '.._.A BALD..,

“

X, halides a%re_.c_ss'emi:y.\-

structures determined by the relative sfz‘es‘ of the ions
— > SCtermur

Conn'mcd.
’

=Y

Scanned with CamScanner

ionic, and



.

148

‘Table 8.03, The structures of some ANy halides

Layer structurcs

Suvmmetnical stnsctures

-

>
R
=
<
€
<

Jaol

Chain
structures

{

Cadimum iodide

Cadmium chlonde

-

N

A-Cnis.
todbalite —

~

Rutle

Floonte

—

AR RN AR

111|||||||||1|g|

prrrrrrrrrserd

CuDr,

rrrrrrrnnggrtd

-
—

t See §8.25.

Mgl,
Cal
Tl'.
Mnl,
Fel,
Col,
cdl,
Pbl,

i‘lllgllllllllll

ily
Zal,
Pbl,

NiBr,t N

ZaDr,
CdDr,t

C4Cl,

MgCly
MnCl,
FeCl,
CoCl1,
NiCl,
ZnCl,

TRARRRR RN
= v

i i re.
ds have s somewhat distorted venion of rutile structu!

P

. ek
frstrrrrrrrrrrtl
N
Q p

e >

SC-TRRRRERRRRRNAE:
3

8

8.20

these about

; &1
y Fig. 8.

* therefore co-oy

Since the anions are generall

and this co-ordination may
caesium chloride, sodium ¢
co-ordination about the anion, however, will clearly be only one-h:
that about the cation, so tha

responding radius ratio condit;

Structures corresponding

' i) shie

« A co-ordination of

(fig. 8.04).‘ ; Here the calci

Centres of a' cub
3 et

 Sight cubelets into
S20glmnated by ?m!‘_‘,ﬁ“‘l’jﬂs&iﬁllbollll ut the corners o

Ecube whileThe c. ¢ four i

zdisposed a_the
3 structure in wh

AX, structures

y the larger ions it is the co-of
ch determines the structural arranee; ,
be 8-, 6- or 4-fold; as in the structures of ™=

Aloride and zincblende, respectively. The.

the cations whil

t possible co-ordinations and the
ons are as follows:

Co-ondination 8:4
o=

CrivTe

6:3 32
>07 o07-03 <o3

to all these possibilities are known.

Q: G;

LY o : 3 ce
o4 Clinographic projection of the unit cell'of the cubic .
structure of fluorite, CaF,. | "
e )

1 Lo 3

The flvorite structure :
8:4is found in the structure of fluorite, Cal.

. umions are arranged at théCorners-and fice, - .
ic uniz ¢ell and the uoring ions are ar

bich 1l cell may be.divided,

the centres of he

L Lach caleivm ios i
o pooile i
linate

l M - 'l . . 3 g —
NiTH 10 : . are N N
iCHim ne: 5_.|_lnm_'s_ul Uluorine jon are tour m i o
ers aon y ‘trahe I'his s \
_pg:{[&rj of A {5?;51!.;.1' etz .n_.\!m,x_).q Vhis ix abic o
cll,b:4»\_'0-unlmuuun 13 tound,
—— e N OMIR,
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The rutile structure

-0 ' 6 BOCCUIK in several A tructures uf Wlllc}l
S \'S ruct »
8 Aco-ordination o N

a—-—

5 r
VINnOnest s ile str 8 L] ), n Cd te
1 B tile structure ( 13- ©. m

! lh( tetra onal u

the cummoncest as fip a n'

2 e
. i } A

nc -ral fofms Or |O . h\ lhl! 5!

O < the miner I ructurc cach atom 18

)
by O i ctragonal
sraphic projection of |h5- wnit el ol the tetrag;
Iy ros Clinograg structure of rutile, 110,

¥ T VRRYTMa T AT st e

4 .

®:i; O;o -~ SYE L .
, TiO,, showing
. hic projection of the tetragonal st m’; :}!\:uﬁ; In which thess
Fig. 8.0, G"-‘”’;:--mn of unions round the cations '
it the co-urdinsting

P8 S5,

- 2%

- rizontal cdyes, R ¢ 3
sre linked in bands by sharing horizont . istorted &
o d by six X neighbours at the comers of a 5-]"8!‘:{'1,(!;{ atom
M@L&%}Jﬁ“wﬁﬂc}hcilhm A atoms 'COsordma‘anl&. If sovenis
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lie in a plane at :
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e 1t il e sen )
draof .\ agms shares its tyyg Lorizo;

The octaliedra are thus linked in bands, which ruz

¢ stiucture and pass theough the cenre and corner;
s shown jn fig. 8.06.
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unit cells of his LH IR
co-ordinating uctahe
51]j:|€cnt octahiedra,
vertically through th
of the unit cell, a

A Congigder Wteach of 1l

al edges winh;

8.23. A co-ordination of 4:2 18 fou
BeF,, which has the (idealized) g
of the forms of Sj0

The Lecrisiobalite Hructure
et T rr—. i

nd among AX, halides only i
cristobalite structure, named after one
s The cubic unjq cell of this structure is shown .
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-

0:5i; 0.0 : )

Py ~
raphic projection of the
g ,dtcriuob‘:lirgurucmrc.

Fig. 8.07. Clinog

fig. 8.07, and it will be sc'cnuxha_l the st

S.an arrangement'of 4 atoms o
rbon atoms in diamond (or of the zi

¥ith an X atom Fidya¢ bere

is therefore s_qrrqungigt)i.b):_go*q( ,}tncighbp'ugg_:x_z the corpers of 4

&7cgular tetrahedron, “:h'lﬂ“ﬁfx;,f.espnz.is;w:or_din‘a_tsd\ by:only two
hbours arranged ‘.i"i{'.‘f_'.'f'ﬁl".l,'):fm“_’fi‘.“_fpfﬂia“°‘h"‘ 11

v, cach pair of 4 atoms, , Every
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of the radius rario of the g
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imple compounds
ctrical

The structures of some s
we may say that these symm
hich the 4 and X atoms differ

150

jons concerned. Broadly speaking,
structures occur in those halides in W
widely in clectronegativity: thus they are common in fluorides, rare in
chlorides and bromides (where they are formed only by the strongly

clectropositive alkaline carth metals), and unknown in iodides.

Tke radius ratios of some AX, halides

ﬁ-Cristobalhe structure
. < o

“Table 8.04.

Rutile structure

Fluorite structure
lr > 07 0'7-03
— ———— —_—
BaF, 099 MnF, 059 BeF, 023
PbF, o088 Fek, 0's9
SrFy .~ . o83 PdF, o's9
HgF, o8 CaCl, o'sS
BaCl, 07§ ZnF, 0'54 -
CaF, o73 CoF, 053
CdF, o7t NiF, o5t
StCl, o063 CaBr, o's1 -
MgF, 048

ctronegativity is too small to give rise to 3

d more complex structural arrange-
many of them are found in
are of sufficiently - =3

When the difference in ele
typically ionic structure other an
There are many of these, and
mpounds. Others, however,

nt description here.

ments result.
only a limited number of co
common occurTence to warra

” Molecular halldes &, . 2. o 0o ]
" The cadmium chloride and cadmium iodide structures
8.25. Many AX, halides, particularly those of the transition metals, "8
show one or other of the closcly related cadmium chloride and cadmium ¥ A

ructures are formed by the super- .3 4

jodide structures. Both of these st

cries of composite jayers, each of which consists of asheet &
toms sandwiched between two sheets of atoms of the
' of onc such layer is sh‘bwn in fig. 8.08, and
eristic feature of the stru
. the cadmium atoms

pr

- position of 35
of cadmium’3
halogen. The arrangement

- it will be seen that a charact
metry of the co-ordination
surrounded by six halogen atoms at the corners of an octahedron,
as the three cadmium neighbours of cach halogen atom all lic to one side
of it. In cadmium iodide the structure as a whole is built up by the3

ition of such layers in identical orientation, and the structure 2

SUPCTPOS:
can therefore be described in terms of the.very simple hexagonal unit cell 5

+aadmium jodide,

3 Rdl"lu Chlolldc struciurs
m 13t
'
structurces dcn\'cd ﬁom that of ¢

al .
one is therefore sometimes
close-packin

{(§7.21).0 .

'8

.26- It 1s Cleal [hﬂt. hC b()ﬂdlll
t

adﬂuum lodldc‘ Str uC!ul(Cb cann

8.25 .
AX,y structures

shown in fig

. g 8.09. It will be

;IBnorcd the distribution of thcn.m;,d that
exagonal close packing. iodine ato

The Cﬁd"llu"l ch oride structure differs !roln that dmium ioudi,
lori . 1
hat of ca
I fide

OXIIY in the gCOﬂlClllCﬂl dlSpOSlthlI of successiv crs; these layers
wve ld)’

no I 1t 5.
W s0 arranged that lhc halo en atoms are in bic clo kin This
g g incu
¢ pac

close relationshi
ip between th
behaviour i een the two structures j .
of CdBr, and NiBr,. These comP;::;:P’!;:Ilch e
1 have the
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if the cadmium atoms are
ms alone is that found in

©:c; O:cml

Fig. 8.08

single layer of the structures

Fig. 8.08. Plan of a T S0
of cadmium chloride, CuCi,, and

Cdl,, rojected on a n
1 Proy d on plane perpendicular to the = azis. ‘I 18 C
: s . The uuiz cell

;!.'ca:nu'um iodide is indicated, ,
1g. 8.09." Plan of the unit ecll of the hexa,

projected on a ;
plane perpendicular to th gonal structure of cadmium jodide, Cdl
. 5

e = axis.

but § e
1dmiun a;idm.on they possess  defect
m chloride by stacking successive

hyClS in arregular sequence. T'he arrangement o <
14 g ¢ f
th

: bromine a¢
. as in cubic a e asas
. . nds ) .

n N . some og .
g . m?’,‘."“Pca the structure times as in hexay.

- resembles’ that of cubal

an

$05" 31

tiria .
N Tivy '

g il‘ the C:l'dﬁl.iull]' chl A
oxbe prely onie:for dsecin S 1.

same ki f
n the forces between then

cighbourin
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182 The siracicees @f sonie _\ms,'\lc' [} .vulpoulnl.\ 8.20
in cadmium chloride,

spacmnyg an these structutesy
for example, the G Ul distance within the layers is 2:74 A whereas the
CI-C1 distanee buween adjacent layers is 368 A, Morcover, in their
21 propertis the structures teveal the weakness of this interlayer

llent cleavage parallel to the
“The structures

the large ntethae

phys
bonding, for they pencraliy display exce
lavers and 3 mathad anisotropy an thermal expansion.
can, thercfore, be regarded ay molecular arrangements in which each
sheet constitutes 3 single molecule of infinite extent in two dimensions,
as ia the structures of arsenic and graphite, and in which the bonding in
the sheets is duce to covalent links. Thusin the case of halides of cadmium

the bond system round the two atoms can be written

In this way the cadmium atom (with the configuration z, 8, 18, 18, 557)
efecuively acquires ten clectrons to give the configuration 2, §, 18, 18,
5525 5¢% and there are available one s, three 5p and two 5d orbitals to
form 1= hybrid bonds with the characteristic octahedral distribution

sctually ebscrved (sce table 4.01
f the halides. In ferrous iadide,

bords are not of the same kind in all o
45%) acquires the configuration 3

for example, the iron atom (2,8 14,
2, 8, 18, 4% 4% and the bond formation is due to two 3d, onc 45 and
three 4p orbitals. These d%sp? hybrid bonds, however, are also octa-

hedrally disposcd. . ot e : .

Although we have just treated the cadmium chloride and"éadmium"
jodide structures as covalent it nevertheless scems probable that the
A-X bonds within the sheets still retain an appreciable degree of fonic

character and that their true state is better described as a resonance .

between covalent and ionic bonding in which the influence of the former. J

predominates. The reason for this vicw is that the difference in clectro-
negativity ‘of the 4
determining which o

cadmium chloride being the more ionic of the two. Thus it will be seen
from table 8.03 that the cadmium chloride structure is found in many,

chlorides but that the cadmium iodi
corresponding bromides and iodides.

halides of Mg, Ca, Mn, Cd, etc.) it is possible to tracc a’ progressives
transition from a typically ionic structure through those of ‘cadmfum
chloride and cadmium iodide as we pass from the fluoride ta the iodide

). Itshould be noted, however, that the

and X atoms appears still to have an influence in ;
{ these closely related structures is formed, that of?

de arrangement is flvourpd}:y}_th'c )
In fact in some cases (¢.g- theg

e ix’:qcrcw.uy atom (it the conf;
o ULres “six. electrons »to give the conf;

8.26

::fld as the ditference in
view that the bonding
also supported by may

ANy Structypey
i.gih'clrunq;a!i‘ity pro,
s at least pargiay)y io
netic evidence,

Bressively diminishes, p,
MiCin some of the l.:l.':\.' '

The 7
- mereurie fodid,
m"c.u Another structure of ()0 | i
i : aver
. ry atom js €o-ordinated by op
€ corners of i

~
[ERES TN

S LI '.’:-""“L': O” ¢

Fig. 850, 4 2
l]' 10, l‘{a:n of a single layer of the

whole s
made'up b
o Y the super-
¢ round the two atoms ma:3 br
. ? < <

.- Hg-- and
T2 amyp ¥ '
T :
[ ’

I—

gﬁfalionz,s 18" ; i :
e 85016 i
by A thiee 69 orbital are oy ge 2 &1 80 3% 38,
_70rid bonds actually obseryege < 0 {0FM the tetra.
"otiha Cach, G g el
Phruse iy Cdl, and H s st
unfoﬂnn.:e, {9: the :’{,,mm':, ;r:,, 'daa-ib.d:..{-h;; .
Pplicable. ‘Layer siructureg '.ll. ms: rrcmy. ‘nr
er term, -

-
e e
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8.28
AX, Structurey

e yiructures of some simple compounds

154
18, Cllapl 50 tha -
o L one 6s and . ) .
The pailadous chloride and related structures — linearly direere Lo bo::;: 6);:?:;:, . s
i o H . . . »

828 Yot another essentially molecular l}:ranien;‘cnt l:;iz?\?:cs.diﬂ:r ’ :::ig:"“o?!}\vhwh 8Bty Slfitfacrorilyu{’of:‘clym-(mP formelsea N

e o D Rlihoug ‘l % i fes o lgCl, and Hgr,, gy Vol the very Jirferen

i‘x\ dct:;‘in all of :htm lhlc metal atom is co-ordinated by four halogen g i exactly why they should be :i :m?:‘:':: i3 Jesy €A3Y 10 underers. | .

A comn'm'ng inthe fo:n. -
7 of molecylar sheets. 7y,

atoms at the corners of a square, and these :quaru.arc;omcd byho?r:o:::
edges to form indefinitely extended planar chains. These cr al i
disposed in the structure with their axes paralle.l (as shown lor hid:
ia fig. 8.11) and constitute infinite one-dimensional molecules w

wdul:o'rted octahedron of bromine neig
Fig. 8.1:. Clnographic projection of ring two of these ndghb
lh:-onhuhambv: structure of palladous
chlonde, PAQY,. The uniteell is indicated

l ' -

ithi in may be represented : ! %
PdCl,, 23y, the bond structure within the chain m y p T T ar 008 10 those s

I o o xmdsE h Ydroxides |
s i» Wl 1AL [ . 4 has an Dflh 4 i ires eharicr
i e ' i \N/ \N/ \N/? g I bond.'ng. bu:y(ho ¢ ::\nnncmcal ;:rt:cturcg'c}namthrisric of ¢
f o 331~ v/ NN/ \N ./ \ 1 1 1 mium | did . -\13- e o o CoRNi e Cd have o
: - : o) a . ; wim iodi € Structure. Som.c other” hydroxii: e e
. B 2 AH. -,l&"ucrurelqullcdxm A g
¥ ' : 7. U Hicrent from theye of the halides! Tl : ‘
i The mercuric chloride l","","’f e [ SH: e 03800 for theip abnorma| Propertics, are disc 'i.?t"d?ﬁ:"uﬂlum”x |
i @ 23 P . Hnithat it consists of b “os g RS o hALD [ENTER =
. + 829. The structure.of ngCl, ” or:Tc:cl;\ee‘::t:‘h‘i:tm-o-dimcnsioml : Oxldes ang Sulphides ‘ vl
? § .. -Hg-Cl molecules, in contras A $ ' b
discrete C1-Hg-Clm i ,'d,,g ‘ . "
. molecules are arranged ¥ oxides and gy [ ition 40! 24 ‘
! melecules found in Hgl, (’817) hex llﬂ{ﬂ; T, moleculessp iodine” N com d ’u")!“du o{comp""“o"’f’o: and S, resers .
/ in the crystal in 3 manner similar to th:: <,b i :4 r W::lg:'o' In ZFRI - Some of those wh; ;wund; " showing a wige "3.'{"‘}.-'6(":'““;”1 ar
) ooy onty by Len e LR ¢ viieh we sh consider ; Soised ; 5
.03), and arc bound 10 one ano . D 2, It wily n i Tt gy ummarized e
1(317: timnound the mercury atom acquires the configuration 2, 8, 18, 32, .o = be scen from this 1y, that oxides and ‘the l\: ol
» - A ‘ AY e ru.‘spc:h:l:::
—
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1 are formed only by 1

! certain of (e A(OH), hydroxides None of 1.,

< and hilg
. 2 9 mag)’ b}:c:nlp.{rcd with 4} hydrides of thé'alkal; r:::;;: C’l]‘:r.m:r
S 0% 2 of which they n.::::i;: a;c Auite different i iy PFopertics, in ree.
“ ' . A/ 4 : sely resemble metal systd, tes, <
may be compared with those in the sclenium structure (§ 7.06). T!‘\e : ',} m“Cc;Onvcmcmly discussed later (g5 !3-'7-)l3tfn;s gor, 1
h:’ur distribution of bonds round the metal atoms is the samc as in g | { ;H ,c ave ﬂlrc:dy o “miw‘damﬁﬂb ‘;'0?140” o
44 '-:ph'c’s'uuctdrn of the oxides of the same clernents “'8.':193; :mdd rc';l').;cuni: : o ). rif!::‘:gdl')'dl:v;’ I3 negative jon of i .‘,__3: \ l_ml_\;.n.\. ea
At SRR 2t . e "l ® . 1us B N pr- Vb r no e - o e SIS 155 A, crn,
the characteristic spatial disposition of dsp? hybrid bonds ! by&mx;dm e am'; Rt o et ”m“hc‘ﬁmcmr;,‘ :

’



Scanned with CamScanner



