




































































































































































































































































































































































































































































































































2 52 

c 
r_ 

T""'- •; ... 
f-4fH 1.( - t.'l f ( o{ 

R t 

TL\ <•u::. ___ \1'10 
...., _____ ,_ 1 
SC"o(.kc.t.s .-h.\c.. "'s.."n•.,•l "' t 

\0 I I' A I I 4 I 
, .. A1 

<I 'I I p,. 3 I 

... \ K'- J •H· lo(ll"' • 

"\ 1'. . ... f.:: ( NV • IT ll - f..o( . 

( ___ 111: TI-l .; LA-< ' ;"S ll_ 
( N f.Uh(. T "It I'·...,.,. .., t l - -••U· ( ot-=T<\ R- I .. H· (il "'""!t TI:'fl . 
C __ .11. 51111 15 JHE 'lll .. >IF 
C MAX I'\ Tl-l f- '- O'tll 1-1 

_I .... ,,f.,:el . f o.( _ _ _rh r r T 
.. , =3. 1'-1">" 

I =SOli ! I _ _ 
oHA III'> ,\ 117) 

_ _ I 0 7 FlJII "'A ll >- I • '-I 

c R t s '" t E ; • • N:: •> 1 ' " <, t n" " F r .;F '- • r 11 < t,., c" • ""' IT .; • 
THETA c T"F TA '",,.. ... THE r ... FrA- H"C"""'- I• 

;,... t he C (" . "'""' · 
Vot to bt. <on\vso<ci s ___ },' _Tt:<f TO W>-lf. .. I I· · ' I 

R_ 
(' 
o\o<" 10 .4 -

( 6(X, 4JY.,.,,A>Y, A3l AJ < 
-(- 'V f-C l f;4 S -AL , J.? , Ai , Crl"'t"'ri"-• O:NT <; f1 F 
r: •.ATT I U v "r:: Tnu\ '<t . •? . ul , «ItT" A<F 

-, ----.. F-It.r; J A· /11 tv•t_Y . 

Co4 
C-•l 

1 
_____ 

'{._s _ - ---"'1(1_1FU>1 2tl0 ) __ . _ 
200 F 6 Tl I -< \II • I ft x • 1 -<A \1 S V E C 1 I II( S , II I we C T 

J C,,IlFf.(PI( tt( Al LAifl(" ' l _ 
I IF I b • 7 II l I A I X , AI Y. A 11 , t1 I X • f< l Y , -<I 1 

WI( I I H f . , 2'1 1 I A 7 • Il lY, ·' 71 , 7 x , K / Y. • 7l 
-- --- WI( I lf16.?tol l O])( , AjY , AH , h";t 

_ _7Q!_ F ltQ>'A T I I H'l , • b , "1 , 4(7 , j-l> . 31 
!T f 1 h . ?un-

2.f?2 F ll'-'fo' tT C () f'1C:,.JSI • It 1 • , {f) X , 'lot= • • .:tS . , , 
IHI 1>'1 b o l'l; I II 

___ 
W-t\Hfl> , 7 1t<. ) I><F TA 

• r""'r: 1,,,.,. ... rn · .. u • , q ): , •rH-= Tts= • , 1= t5 . h l 
- .. - -· - ---

l '"'fl , tl'ly , ftt= J(J:C:, 1 . t:,x , '• 13 1 
Hl6. 7rtl> l 'A( 

?06 .. Af.J . CIW• ... 
- - - ---

"'" f li" "'I'T il Hf'} , ! •l T , 1 '-'""t.X: ' . 3 1 
v• · 

' C'k o • t: = c • • c '-'J - -



2 5 3 

~ t- AII ( ao. . 'l t O ) \ ,,..: <; t •H ).'t.,.( t<. $ 11 -tt . J -.I t<.~\ 1 ~) . ,' '( 1 1<.\llk ) 

_ _]_1 0 H II: "A Tf •, F \ 0 , \ ) 
UK; (, \l • '"l J :tJ-t l~ SP•~ J..o4 . KfJ.'l <.~4 ~ --lt\ 

lln r to •: t t• ~~~ 
- (: XI( .Y K . l'< 1\Q: "- T'*t- (ll ... "'tlo... ..: ...: T ..:. r 1- v.:r.r t"'<. Tol TttO: t<. ~~~~t.A( T I C ~ . 

( T ... f Y A~~ ~t:AI.>I) I ll '( A"'ll A~ - Il l>"~"'~ (fl~l_'-~~ . 

· c - · - · · UI( 1\ Til '- ( " A~(.~ 11"1 TooF I( ~I I '<•_ AIII C•, I I IS SC A L ~ Il T O ~ · 

- ·- -i 09 f i i~04ATI I ><'l .t ClX ,' S• U A ~t o< '(A(-<~1 I<':JN(. C ll " ~I IT r'n 
CSU" •I' , Cl 

----·SA~A(l:O . fl - - - --- . -----

SK~ Ao:n,n 

So""' ewer }!. ------~~ nn 3 <SU"• t . N$11H 
S A04A [I: St .. f . i) • T ... =I ·~I(O()o( I I( Sill< I CLI( I " Sll .. _) I $ 11~"-' 

S o""' o• «- .k' _ _ _ ____ _.,_. ()ll 4 '(P S ' I"•I · ''~"" 
(\l({li(. P :nl( I'<. <; 11~ ) .:-t\o( f II( ~ <;11"- ) 

- ---{, Kr- ? I : Xt: I o( \ '•'1 1- 4'\ I < ~\II • I 
X l(fi.P}:Y r- 1 '\ ~11'< 1-YI( I <>'\01'1 ) 

.•. -- X KK~3 = / ~( I(~ol~) - /<l<o>~ll" ) 
~ ~ J1FI I> o 7101 1(\'IH. <V<.• I'I 

--7 Iii ~ ri~<" • 1 1 1 Hn . ?nx. • < = • • 11 • ., ' . • < ~ = • • 1 3 1 
~~ 1 1F t b . 7 1 11 X C<~J , Y<< P} , ~o(C~ 3 

1 1.11( 1_ I = ' , 4J3 1 

-}i i -~IHH·A Til to-~fl . ]f) JC , '(t l"'t'll~ f..NfS •J.= V"-ClfJH: Jr} I "J I 'Vfi.K: AN I)I(lo> c l 7 )~') . }) 

g 11'1 l'l•or. . •<• , <l) G•l Til " l 
111( 1Hfl>, 2171 -- -
F0N " AliJ HO , } IlY , 1 f) I I!•( T LAl li (.< ~11"' ' 1 

' tHtl lf l h , )\3 ) - -. - - - ·- - -- . 

. f- fJ~ ~A 1 t ) .. tn • ;> v X • ' X J' • P X • _' X 7 1 
. • P.l •_' X 3 ' ~ ) ~X • _' '1 ( 1 ! :_~ 'i lf :._ ~ X_l_7 ) ~ • ~ 2 X _• 

l ' X I 3 1'. ><X ,"<IJ ' I 
l "4~X7=7~"4X +l . -- - . ~ 



P.ec;l"'oea.l !Q.tto<.c ~.:to" 

y_(h\- hl\i • h, ~· ~ hl!i 

254 

_ _ 7.1 '! Fn~><Alii Hil , )llX , ·~ ~CI ~o(ro(AL L6TT I~ F \II•< ' I 
W'! I H I .. ; )\ ·1 I -

ll 7 F 0~ " A I I l Hll , 7 '>X , 'Y I I I ' , ll X • ' Y I } I 1 • I) X, ' Y I "\ I 1 , IS X, • 0 C. ' I 
112 G\W<=(l . O 

SH'<H>=O . O 
00 >I "I : J ,,. AY) 
_nn q "7= 1. "~ x? 
(Iill O o<3: J,I'AX7 
Y I I I: I • S I o( ! o I F LOA Tl <A X+ 1- 'I I I • '<I X+ FL O A I l>t A X+ 1-M} 1 *>12 X+ 
l~lf!A1 I ~h > •I- n I•~ H J 
_ 'fl:?t _=r_ . s,~ t • l >'LIIA TI ~Ax• t -~'1 t •l\ lY + FU1AI I••AY_+l-"? t • IIZY+ 
IFLOAII MAX • I-~!t••IYI 

Yl31 = 1 ."1'< 1•1 ~LtHT I ., U+!-MI l ~ "l7+FlfiATIMAX +l-1< 2 l •'lll+ 
IF H•All"~<·t-np•-nll · - - · · -· -

l_( _..+ . t · YY F(l=!'.<J"flYilt•Y!li +YI7J OY()I +Y (Jt•YI3! 1 
:j.' 0

>f'<O c .-,l,v,o.._ IHYV C(. J, H o, n . ot 1.11 Tot l 'l 
1 .. G.~ ;,_ co'""?"t~d ~ ___ __fCHfCI(=vv•cr • ; • • ~ __ _ . 

1t " o~,- ~ Rmi> Y: __ GA Q(,:<>I•~ I •vv•C1•vvcCI / 11,..>: 1 AelH~ IAI 
J.(IYfht! l ~ ~/ L IFIC>'i'C~.r.i . ~o i ,\ XI Gt I ll 10 

,! ,, ,...t ; ,._c.l..H.-J ,., ·H,< s IF I(,A ~I, , <;E.!1fl , I G>J 10 10 

C-u)C , t ( )~All= - I~. < 1-' I o ~I e "I :()YfJV. ~I C I,_.= Tl • TH" 1 A • v A 1 I •I ()< o_ C I , I(!:()<= L I .I .1. I+ 
; · ~o..._ (ltk) ---- l iii-LII .• Lt- lo rl. l .f , l( l !+'· · "" l"~-'l "lt-i F II.~ IHFTLc f HFTA•OI( f "( ~ >-.<;11;<+~ . •,; 1 "' 
) C - ,,, L , _ . _. 2Pict . .IJ u01fft-:J.qr',\lfM /CT•I..:fll =lH.:fr, ;Vf.) . . . . 

( i jt<tl · -'.-~·c. . .. .t"'-"-' ) --- CSIJ'I:(\IW•II . II"· ' "I <" ~ I ~'Ihi i<(2~ Ao{ 
8l\ V.,. l \t'Pt.f,.o;C)ot,.,IIO+')f.""flii + C),...~/11) 

fl\"dc.I"""C,...<;~a-.1: lolt's v..-, . ~~- · • 1 >'1 (ll'r.,Fro , l · i 1.1) ll o 4 --
.) \H I If I 1>. }?I I r, t;ll'' 

]? l HJ ... ~t:ltl~n .. /nJ .• f, \;,J;t ,. El '> ·;;.,-) -- --- - ··-- - ---·-- - ----
WP ITFI ~ . )J~I ~)M~~ 

.... I 'I F ~~~ M h I I I >H) . ~f) X • I r; 7 ... ~ ~ = I • ~ I., . .. I 
~ (I'"'' (till~ 



So.""'"\e "b::..-\-o.. De2ck 
-\'or 5-~, S. 04 ~;"e ( 
~= 3 .c, A 
9 · 0 .2. iiO~ 

1{-= 0.385" 

255 

f li.,Clltl'- n~•.II , JI 

11-1 J.fn . Jir,n To 

r,o 1n ? 
---i nft= 1 :o· 

? IH Til~., 
- . ~ "0 

~i,nAlA-~~n~o~--~-----------~------------------------~ - - ., . - - ---..... 
3 14 s 0 

--- . ~ ·• o --- • - - - - .. -- - --

R . Ol F-~~ 0 . ? f OA 
o. o o . ~ 6 . , o,, n. o o.s 
- z . o __ _!~o . 2 . 0 ? . •1 -7 . o 7 . o 
o.o o . o n . n 
. 7~0 . ?~0 . 7~0 

4,1107'14 ~ -1 0 

('\ , -) 0 , 5 o. o 
7. 0 7 . 0 - 2 . ~ -- -- 1 -- ----------

4, ... 
- :~: ;><; , f.]<; , h]'> ----2~ 

. .. 2~ , q ]~ . 1175 
• ~1~ . t-75 . A7S 
, 1t7~ , AlS ,hrS 

. 3>1'> , )ItS . 3><5 
__ _ ,_'!~'> ___ _ -. ·,'1<; -. 1~~ 

-.1 3~ -.1 3~ -. 13; 
-. 11'> . '>1~ ,hH 
-, 3HS ·:: . 3~~ . 3~i 
- .3~~ , ;115 -. 3~j 

- . ,..3., --. 1 .p, . f-3"') 

.b1S . 1>3~- ---.....: ' l h _ -,· ,-,1 
I I 2 2 

- - - ~ - 7 I 2 
II 

z . 
z • 

_2. 
- 2 . 0 
- 7 . 0 

-:.7 . 0 
- 7 . 0 
- 2 . 0 
- 7 . o 
- 7 . 0 

- _ _ :-7_. 0 



256 

APPENDIX 3 

The Born Haber C ycle for MgO 

It was noted in Chapter V that although the lowering of the 

ionicity gave bette r agreeme nt b e tween the theoretical and experimental 

elastic constants for MgO, it significantly reduced the cohesive energy. 

For ~ = 0. 7, the cohesive energy is {using the parametersgiven in 

Table 5-I-') 

which is to be compared with W = -905. 53 kcal/mole computed from 

essentially the same data by Gaffne y and Ahrens { 1969) . 

In principle the cohe sive energy can be obtained experimentally 

through the Born Habe r the rmochemical cycle diagrammed in Figure 

A- 3-l. In practice this is not possible since the heat of formation of 

2-
0 has not been measured. By solving for this missing link, Gaffne y 

and Ahrens (1969) calculated 

{907. ) ) {561. 8) {143. 8) = 202. 3 kcal/mole 

Using the lower value of W corresponding to~ = 0. 7 above, one calcu­

o 2-
l ates ~ Hf {0 ) = -35. 2. kcal/mole . Hence the lowered ionicity must 

be compensated by a covalent contribution to the cohesive energy not 

treated in this development. 
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APPENDIX 4 

The Consistent Pair-Pote ntial Hypothesis 

Below the repulsive parame ters found from MgO and Al
2

M g 0 
4 

are given as a function of the ionicity. The static l a ttic e parameters of . 
Al2o3 found in Figure A-4-1 we re used to compute )_Ato and pAlO for 

dire ct comparison with those in Al
2
Mg0 

4
. 

MgO (neares t neighbo r only) Al
2
o

3 
~ /-. 

~ -ll 
( 10 ) 
er s 

1.0 62.79 .373 1.0 

. 9 78.80 . 348 .9 

. 8 106.8 . 32 1 .8 

. 7 162.2 .292 . 7 

. 6 .6 

Al
2

M g0 
4 

(nea rest neighbor only) 

0.7 

Al-0 Bond 
/\ _,, 

( 1 0 ) 
er s 

262.4 

196.6 

;: 
(A) 

.275 

.287 

. 375 

.387 

(nearest n e i ghbo r only) 
).. f 

(10- 11
) A 

cr s 

93.05 .360 

125.2 . 337 

182.6 .312 

299.0 .285 

583. 1 .255 
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