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tice energy of several mantle mincrals using data given 
in table I. The cuhe root of the molecular volume is 
lIsed as the scale length R. For the compounds men

tioned above (e.g. stishovitc and corundum) we have 

cstimated multipolc contributions to JI\. Thc hcats of 

formation have becn cnlculated by the Born- Ha.ber 

cyclc and arc show:1, with the othcr energies in the 

cycle, in table 2. 

4. Discllssion 

Seyeral of the compounds shown in table 2 have 

known heats of formation. These servc as a check on 

the validity of our calculations: a valuc of !d/~. that is 

more than the observed value is in most cases explained 

by an appreciable covalent contribution to lattice ener

gy. If on the othcr hand a value of A ff; is calculated 

to be considerably less than that which is thermochcm

ically measured we must conclude that substantial 

covalent and/ or strong dipole or higher multi pole inter
action takes place in the mineral. and the simple ionic 
modcl is inarpropriate. A pos itive contr ibution to the 

lattice energy can arise only from repulsive forces all 

of which have bcen included empirically regardless of 

their mathematical form. (Failure to incl tide all at

tractive forces will have a small eHect on calculation of 

p/R which could presumably give A I/;'s slightly less 

than the observed, c.g. in Cr203') 
For minerals with known heats of formation (e.g. 

FeO, MgAI20~) we find that the calculated AH; is 

almost always greater than the observed value. With 

the exception of :i-quartz discrepancies are from 6 to 

280 kcal / Il1ole. and lie mostly between about 50 and 

250 kca l/ mole. These greater va lues arise from a n 
omission of covalent bond cnergies. A lso there a re 

small contriblltions from l11ultipolc forces in the cases 

for which they have not been included. We conclude 

TAlllL 2 

Born -Haber cyclc cnergies (kcalfmole) 
-- -- ---- -----

Compound Structure I'JlL ' I) MUltiple Cations'" Anions") 
tcrms ioniLation ionization 

------- ------- -

rco halitc - 877 651 193 
SiO, :x-quartL - 21R2 2469 386 

rutilc - 2880 -62(6) 2469 386 
1'i02 rutile - 2560 -5 1m 2224 386 
AI , O, corundum - 3513 - 25(8) 2615 579 
er, O, corunuulIl - 3366 2620 579 
Fc,' +OJ corundum - 3325 2708 579 
Fc,J +OJ pcro"kite - 35~7 2708 579 
Fe! + Fc"' '' OJ pCrlJysl-..itc -- 3931 3318(9) 579 
MgSiOJ-a pClo\skitc -- 40Xf> 3031 579 
MgSiO.l - b pcrovskitc - 3958 3031 579 
!I1gSiO,-c perO\ si-..ite -- 3755 3031 579 
SrTIO, pcroysUtc - 3413 2646 579 
CaTiO J pcrll"I-..itc Dl)7 2687 579 
AI!~lgO. spincl -4447 3177 772 
I\1g~ SiO. ~pinel - 471·l 3593 772 
Ni,SiO. spinel - ·nol 3R69 772 
['c , SiO ... spind - 4724 3771 772 
rd.-r,O. spinel - 4 171 327 1 772 
1\·,TiO ... spinel - ·D~5 3526 772 
I"e ,0, spind 4228 3359 772 

'" Cukulatcd frol11 c'''. (3) in the te,l. 
'!I 1\,,,,,,'1' ellil. (1l) .'i ~) N:Il. Bur. Std. Bul!. ~OO cx,cpt as olherwi;e nolcd. 
,.I, C,\II 'tv:tml Alllu'-~(1<)6l). 
,., I rllm cqU:ttiC>lb (3) illltl (.fl. 

Crysta l 
field 

-13 

- 120 

-58 
-23 

-13 1 
-19 
-II 

"~I ROBII alltl W,\lll1l\\ \1 (1%:» U.S . licl)!. Stir\". 13t1I1. 1251\. except as othcf\\ ise noted. 
"" S~alcd rrom dar:t Ill' KI,-ti SIll'RY (Il)(,~) for TiO l ;)lxording 10 ,."u2 ,/r"o',. 
,-, KI't.SIIl IRY (llJt.:-). 

1" , SC~ I t''t. 

Hcat of formation 
------

calcu laled'''') observed(5) 

-46 -54 
+670 -2 17 
- 10 1 - 206 

- I -226 
-344 -399 
-287 - 273 
-45 - 197 

-307 > - 197(9) 

- 18 1 > - 197(9) 

-476 > - 370(9) 

-348 >-370(9) 

- 145 - 370(9) 

- 189 - 397(10) 

- 130 - 397"0) 
- 507 - 553 
-349 ·- 5 12 
- 176 - 328(10) 

-204 - 350 
-259 - 342(2) 

-46 - 356 
-lOS - 267 

, ' 0, I-"IOR ant! S( 11\I\LI.Kllt) t l<)6-1I.1. I'hy, . Chcm. e.S. 24·1-1, and "K IMO IO, FUlIS ·\\V,\ and KArsuR /\ t1965). 

~. 


