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I n  par t icular ,  the  two sets of values quoted by  Huggins  
& Sakamoto (1957) were derived using two differing and 
arb i t ra r i ly  selected (Huggins, 1956) values for the repul- 
sion exponent  0. We have  found not  only different values 
for ~ bu t  also t h a t  each compound has its own charac- 
teristic value for the exponent .  

(Huggins & Sakamoto) 0 (present work) 

MgO 0.400 0.333 0.301 
CaO 0.400 0.333 0.254 
BaO 0.400 0.333 0.284 

We have  fur ther  calculated the lat t ice energy of bar ium 
oxide by  an  equat ion similar to t ha t  of Born & Land6 
(1918) bu t  employing an exponential  form for the repul- 
sion te rm (Pauling, 1928) and using the values of r 0 and 
fl from Table 2. This leads to the result  U(ro)=-753  
kg.cal./mole, ve ry  similar to t h a t  obtained wi th  this  
equat ion using the inverse r n repulsion expression (Morris, 
1957). 

I t  has been our experience t h a t  any  modification of the 
Born-Land6  equat ion (Ladd & Lee, 1958; Born & Mayer,  
1932) so as to include the a t t rac t ive  potent ia l  energy 
terms represented by  C/r s and D/r s always leads to a 
lower (more negative) value for the lat t ice energy. I t  
seems unl ikely  then t h a t  this quan t i ty  for bar ium oxide 
can be greater  t han  about  - 7 5 3  kg.cal./mole. 

Applying the B o r n - H a b e r  cycle in the form, 
AHs(cryst.) - AHs(M2+gas ) - ½D(O3) 

- E ( O  2-) + 1.2 -U(r0)  = 0 ,  

to the oxides of magnesium, calcium and bar ium we 
arrive at  the  value of 179+_8 kg.cal . /g.atom for the 
electron affinity,  E(O~-), taking the thermodynamic  data  
from the compilat ion of Rossini et al. (1952). To complete 
the series of lat t ice energies of the alkaline earth oxides 
we have used da ta  from the same source together  wi th  
the mean  value for E ( 0  ~-) jus t  derived; these results are 
listed in Table 1. 

The uncer t a in ty  in the calculated values of the lat t ice 
energies of MgO, CaO and BaO lies in the low accuracy 
wi th  which their  compressibilities have  been measured 
(Weir, 1956; Bridgman,  1949). More reliable da ta  would 
undoubted ly  lead to a fur ther  ref inement  of these values. 

References  

ARK_EL, A. E.  VA:bT & DE BOER, J.  H.  (1931). Chemische 
Bindung als elektrostatische Erscheinung. Leipzig. 

BOER, J.  H.  DE & VERW~Y, E. J .  W. (1936). Rec. Tray. 
Chim. Pays.Bas. 88, 443. 

BORN, M. & LA~D~, A. (1918). Verh. dtsch. Phys. Ges. 20, 
210. 

BOR~, M. & MAYER, J.  E.  (1932). Z. Phys. 75, 1. 
BR~SCOMB, L. M. & SMrrH, S. J .  (1955). Phys. Rev. 98, 

1127. 
B R I D ¢ ~ ,  P. W. (1949). Prec. Am. Acad. Arts Sci. 77, 

187. 
BRIEGLW~B, G. (1942). Naturwiss. 30, 352. 
FOWLER, 1~. H.  (1936). Statistical Mechanics, 2nd ed. 

Cambridge:  Univers i ty  Press. 
HUGGINS, M. L. (1956). Phase Transformations in Solids. 

New York:  Wiley.  
HUGGI~S, M. L. & SAK~_MOTO, Y. (1957). J.  Phys. Soc., 

Jap. 12, 241. 
Index of X-ray Diffraction Data A . S . T . M .  (1959). Pa.  
K~_PUSTrNSKII, A. F. (1943). Acta Physicoehim. U .S .S .R .  

18, 370. 
KAPUSTINSKII, A. F. & YATSIMIRSKII, K. B. (1956). 

Zhur. Obsh. Khim. 26, 941. 
LADD, M. F. C. & LEE, W. H.  (1958). Trans. Farad. Soc. 

54, 34. 
LADD, M. F. C. & LEE, W. H.  (1959). J.  Inorg. & Nucl. 

Chem. 11, 264. 
LADD, M. F. C. & LEE, W. H.  (1960a). J.  Inorg. & Nucl. 

Chem. 13, 218. 
LADD, iVi. F. C. (~ LEE, W. H.  (1960b). J.  Inorg. & Nucl. 

Chem. 14, 14. 
LOZIER, W. W. (1934). Phys. Rev. 46, 268. 
MAYER, J.  E.  & MALTBIE, M. McC. (1932). Z. Physik. 

75, 748. 
MET~Y, M. & KIMB~T., G. E.  (1948). J.  Chem. Phys. 

16, 774. 
MOISEIWITSCH, B. L. (1954). Prec. Phys. Soc. A, 67, 25. 
MORRIS, D. F. C. (1957). Prec. Roy. Soc. A, 242, 116. 
PARODI, M. (1937). C. R. Acad. Sci., Paris, 204, 636. 
PAULINe, L. (1928). Z. Kristallogr. 67, 377. 
PRITCHA~D, H.  O. (1953). Chem. Rev. 52, 529. 
RossiNI,  F. D. et al. (1952). Nat. Bur. Stand. Circ. No. 

500. 
SCnImER, H.  & BINGEL, W. (1955). Z. 1Vaturforsch. 10a, 

250. 
SENFTLEBEN, H.  (1926). Z. Phys. 37, 539. 
SHERMAN, J.  (1932). Chem. Rev. 11, 43. 
TA-You, W u  (1955). Phys. Rev. 100, 1195. 
WEIR, C. E. (1956). J.  Res. Nat. Bur. Stand., Wash. 56, 

187. 
VIES, P. T. & MAYER, ft. E. (1944). J.  Chem. Phys. 12, 28. 
WrLLMOTT, J.  C. (1950). Prec. Phys. Soc. A, 65, 389. 
ZO~WEO, R.  J .  (1955). Phys. Rev. 100, 671. 

Aeta Cryst. (1960). 13, 960 

A s imple  method for the determinat ion of ~20]~x2 at atomic  posit ions.  By H. W. Em~Lic~, Chem- 
istry Department, The University, Edinburgh, 9, Scotland 

(Received 22 March 1960 and in revised .form 21 May 1960) 

The value of ~2~/~x2 at  atomic positions is required when of deriving this quan t i t y  is from an Fo synthesis,  bu t  
assessing the accuracy of a s t ructure determinat ion or m a n y  refinements are now carried out  by  techniques no t  
when determining the magni tude  of a shift  indicated b y  requiring such a summation.  Fur thermore,  for a reliable 
an  ( F o - F c )  map.  In  principle, the most  reliable method  determinat ion of a20/~x ~, the Fourier  synthesis  mus t  be 
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Tab le  1. Values of - a2@/~x ~" for  various atoms .for different values of a 

Three-dimensional atoms 

Point  a tom U I C C C H 
a Z = I  B = 0  B = 0  B = 0  B = l . 3  B = 4 . 5  B = 0  

1.54 /~ 118 6060 3160 200 138 60.7 7.9 
1.84 124 6250 3260 206 142 61.0 8.1 
2.07 118 6080 3180 202 142 62.7 8.0 
2.38 122 6190 3230 206 142 61.9 8.2 
3.02 120 6140 3190 203 141 62.0 8.1 

Two-dimensional atoms 

Point  a tom U I C C C H 
a Z =  1 B = 0  B = 0  B = 0  B = 1 . 3  B=4-5  B = 0  

1.57 A 91.0 4700 2440 157 109 51.5 7.2 
1.99 85-5 4550 2370 152 111 54-3 7.2 
2.18 87.5 4580 2390 154 110 53.2 7.3 
2-92 86-8 4550 2380 154 111 54.1 7.2 
3.40 87.4 4580 2390 154 110 53.1 7.2 

H 
B = 5 . 5  A ~ 

2.48 
2"60 
2.65 
2.66 
2"66 

H 
B = 5 . 5  A 2 

2.64 
2.87 
2.88 
2.89 
2.87 

Tab le  2. Values of -~2@/ax2 for  three-dimensional atoms.from two values of a for  which n = 81 

Point  a tom C C C C C 
a Z = I  B=O.O B = l . 3  B----3.0 B=4 .5  B =  10.0 A 2 

2.00 A 137 232 158 99 66.6 20.2 
2.07 118 202 142 91 62.7 19.6 

s a m p l e d  a t  v e r y  f ine in tervals ,  a n d  this  adds  to  t h e  
t e d i u m  of t he  m e t h o d .  

A n  a p p r o x i m a t e  va lue  for  t h e  c u r v a t u r e  is o b t a i n e d  
f r o m  t h e  a s s u m p t i o n  t h a t  t h e  e lec t ron  d e n s i t y  n e a r  t he  
c e n t r e  of an  a t o m  closely resembles  @ = Z(p/~)  3/9 exp ( - px  2) 
(Costain,  1941) w h i c h  leads to  t h e  resu l t  ~@/~x~= 
- 2 p Z ( p / g )  ~/~ a t  t h e  cen t r e  of t h e  a tom,  w h e r e  Z is t h e  

a t o m i c  n u m b e r  a n d  p is u sua l ly  b e t w e e n  3 a n d  5. Al- 
t h o u g h  p var ies  w i t h  t he  n a t u r e  of t he  a tom,  its t e m p e r a -  
t u r e  f ac to r  a n d  the  r ange  of t h e  F o u r i e r  series, t he  
m a t h e m a t i c a l  re la t ionsh ip  b e t w e e n  these  quan t i t i e s  is n o t  
a s imple  one. 

T h e  m e t h o d  desc r ibed  he re  for t h e  d e t e r m i n a t i o n  of 
t h e  c u r v a t u r e  is based  on t h e  p remise  t h a t  t he  shape  of 
a n  a t o m  f r o m  a F o u r i e r  syn thes i s  is i n d e p e n d e n t  of t h e  
size of t he  u n i t  cell. This  seems n o t  un reasonab le ,  as t h e  
q u a l i t y  of t h e  image  in an  opt ica l  i n s t r u m e n t  is r e l a t e d  
to  its resolving power ,  wh ich  is 1.222/(2 sin 0max.), w h e r e  
2 is t he  w a v e l e n g t h  of t h e  r a d i a t i o n  used.  I n  X - r a y  dif- 
f r ac t ion  work ,  sin Omax. = 1 usua l ly ,  a n d  t he re fo re  t he  
q u a l i t y  of t he  image  is solely d e p e n d e n t  on the  wave-  
l eng th  of t he  r a d i a t i o n  used.  

L e t  us t a k e  a h y p o t h e t i c a l  cubic  l a t t i ce  w i t h  vec to r s  
of l eng th  a, a n d  w i t h  one a t o m  a t  t h e  origin. T h e  diffrac-  
t ion  p a t t e r n  will consis t  of spots  w i t h  a sin 0 va lue  of 
(2/2a)(h 2 +k2+12)½ whose  in tens i t ies  a re  p ropo r t i ona l  to  

fs~in 0, w h e r e  fsin 0 is t he  va lue  of t he  s ca t t e r i ng  f ac to r  for  
a p a r t i c u l a r  va lue  of sin 0. T h u s  t h e  e lec t ron  d e n s i t y  

h k l 
a n d  

Ox 2 a ~ V 
~ . ~ . ~  hg.fsino. COS 2~ (h---~ + k'k-~ + ~) , 

h k l 

which  becomes  
82@ - -  4 ~  2 

- -  ~ Z ,  Z ,  h2 . / ~  e 
~x2 a5 h k l 

a t  t he  a t o m i c  cent res .  

Our  choice of a is d e t e r m i n e d  b y  severa l  fac tors ,  viz. 

(1) a shou ld  be  as smal l  as possible to  r educe  the  calcula-  
t ion  to  a m i n i m u m .  

(2) a m u s t  be chosen  so as to  avo id  errors  f r o m  over lap  
w i t h  ~2@/~x2 of a d j a c e n t  a toms .  Over lap  errors  ar ise 
w h e n  v e r y  b r o a d  a t o m s  are  i nvo lved  or f r o m  series- 
t e r m i n a t i n g  effects .  

(3) I f  we are  us ing  Cu K s  r a d i a t i o n  w i t h  A = 1-540 /~, 
a n d  we choose a = 1-540/~, t h e n  t h e r e  will be  a t o t a l  
of 33 ref lexions  (000, 6 x 100, 12 x 110, 8 x 111, a n d  
6 x 200). B u t  if a = 1 . 5 3 9 / ~  t h e r e  will on ly  be 27 
ref lexions  (no 200). T h e r e f o r e  in t he  express ion  above  
for  t h e  c u r v a t u r e ,  4ze2/a 5 will c h a n g e  on ly  s l ight ly ,  
w h e r e a s  t h e r e  will be  a cons ide rab le  c h a n g e  in 
272727 h 2 . fsin 0. E r r o r s  f r o m  this  source  are  apprec iab le  
on ly  w h e n  a is small ,  a n d  again  a m u s t  be ca re fu l ly  
chosen  to  e l imina te  these .  I f  n ref lexions  a re  possible,  
t h e n  the  bes t  choice  for  a is such  t h a t  n reciprocal-  
l a t t i ce  u n i t  cells o c c u p y  t h e  s a m e  v o l u m e  as t h e  
l imi t ing  sphere ,  i.e. aS=3n23/(32~). 

T h e  la rger  errors  ar ise f r o m  (3) a n d  errors  f r o m  (2) 
on ly  occur  w h e n  t h e  a t o m  is v e r y  sha rp  or v e r y  diffuse.  
Tab le  1 lists some  va lues  of -~2@/~x2 as ca l cu l a t ed  b y  
this  m e t h o d  for  va r ious  va lues  of a. These  va lues  h a v e  
b e e n  chosen  to  sa t i s fy  t h e  e q u a t i o n  a~--3nA3/(32z) 
(or a 2 =nA2/(dzl) for  t he  t w o - d i m e n s i o n a l  case).  

T h e  Tab le  shows t h a t  cons i s t en t  resul ts  are  o b t a i n e d  
b y  this  m e t h o d  for  d i f f e ren t  va lues  of a, t h e  on ly  large 
d iscrepancies  ar is ing for  smal l  a w i t h  v e r y  dif fuse  a toms .  
This  seems to  s u p p o r t  t h e  p remise  t h a t  a2@/~x 2 is in- 
d e p e n d e n t  of a. 

F r o m  the  Tab le  i t  is c lear  t h a t  a d e q u a t e  resul t s  a re  
o b t a i n e d  for t h r e e - d i m e n s i o n a l  w o r k  us ing a h y p o t h e t i c a l  
l a t t ice  w i t h  a = 1.54/~ a n d  in t h e  t w o - d i m e n s i o n a l  case 
w i t h  a = 1.99 A. E x c e p t  for  v e r y  b r o a d  a t o m s  this  m e t h o d  
gives answers  wh ich  are  a c c u r a t e  to  w i t h i n  2%. 

As i n d i c a t e d  above  a m u s t  be ca re fu l ly  chosen  to  ge t  
t h e  co r rec t  va lue  for  ~2@/~x2; in p a r t i c u l a r  a should  sa t i s fy  
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the relationship a3= V=3nAS/(32z) (or a2=A =nA2/(4n) 
in the  two-dimensional  case). This me thod  then  gives a 
theoretical  value for the  curvature of a particular a tom 
with a -known scattering factor, which may  differ from 
the experimental  value because the crystal unit-cell 
volume may  not  satisfy V=3n~.3/(32n). The difference 
will be largest for a point  atom, in which case Xh 2 . fsin 0 = 
Z X h  2, which is constant  for constant  n, while the  co- 
efficient 4~2/(a2V) will vary with V. The error thus 
depends on how much  V - - a  3 differs from 3n~3/(32~), 
and will be [(3nA3/32zV) 5/3 - 1] x 100% (or [(n~.2/4nA) 2 - 1] 
× 100% in two dimensions). Wi th  more diffuse atoms 

Xh2. fsm0 will vary  with V and part ly compensate  for 
this error. Thus the expressions above give the m a x i m u m  
error. Table 2 gives the  values of -~2@/ax2 as calculated 
from two values of a for which n = 8 1 .  a = 2 . 0 7  A is the 
op t imum value. 

Hence using Cu K a  radiat ion the curvature may  be 
calculated from the equat ion 

~9@/ax~ = 9.12 [fo.56 o + 4fo.7o 7 + 4fo.866 + 4f,.o0o] 

(corresponding to a = 1.54 A) for the three-dimensional  
c a ~ e .  

For diffuse atoms it is probably be t te r  to use 

~@/ax ~ = 2.08 [fo.~72 + 4fo.526 + 4fo.6,5 + 4fo.744 
+ 20fo.s32 + 24fo.gn] 

(corresponding to a = 2.07 A). 
The equation for two dimensions is 

~2@/0x2 = 5"03 [f0.3s6 + 2f0.547 + 4f0.774 + 10f0.865] 

(corresponding to a = 1.99 A). 
This me thod  of determining ~2@/0x2 is thus both rapid 

and reliable, and can easily be adapted  for use with 
other wave lengths of X-radiation.  By sampling the 
Fourier transform at such large intervals one migh t  
expect  considerable errors, bu t  it is also found tha t  
calculating @max. using such wide meshes, remarkably  
good results are obtained. 
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The verse from Kall imachos is, unfortunately,  incorrectly anthologies. Ins tead  of [ ~ q ~  (they said) it should 
quoted, and this will make  it difficult to find it  in begin wi th  eiTr~-zl5 (someone said). P . P .  EWALD. 

N o t e s  and N e w s  

Announcements and other items of crystallographic interest will be published under this heading at the discretion of the 
Editorial Board. The notes (in duplicate) should be sent to the General Secretary of the International Union of CrystaUo- 
graphy (D. W.Smi t s ,  Mathematisch Insti tuut,  University of Groningen, Reitdiepskade 4, Groningen, The Nether- 
lands). 

World Directory of Crystallographers 
The second edit ion of this Directory appeared in August  
1960. I t  contains short biographical data  of 3557 
scientists from 54 countries, arranged in alphabetical 
order by countries, and individuals within the countries. 
The biographical data  include (a) full name and ti t le;  
(b) year of bir th;  (c) information on field of study, 
universi ty  and year of highest  degree; (d) present  posi- 
tion, name and address of inst i tut ion;  (e) in some cases 
private address; and (f) major  scientific interests. 
General Edi tor :  D. W. Smits. 

Crystallographic Data for Various Polymers 
For purposes of ready reference a table listing currently 
available crystallographic data  for a var ie ty  of crystal- 

lizable polymers was compiled and has been published:  
1~. L. Miller and L. E. l~ielsen, J.  Polymer Sci. 44, 391 
(1960). Copies are available from the authors who would 
be pleased to receive further  data  and/or  references for 
inclusion in the table and to receive any comments  on 
it. Address:  Rober t  L. Miller, l~eseareh Depar tment ,  
Plastics Division, Monsanto Chemical Company, Spring- 
field 2, Mass., U. S. A. 

The Geophysical Laboratory of the 
Carnegie Institution 

The Geophysical Laboratory of the Carnegie Ins t i tu t ion  
offers a postdoctoral fellowship in crystallography. The 
a t tent ion  of interested people is called to their  adver- 
t i sement  in this issue of Acta. 


