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Crystal Chemical Studies of the 5/-Series of Elements .  XXV. 
The Crystal Structure of Sodium Uranyl Acetate* 
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Sodium Uranyl acetate, NaUO~.(O~CCI-Ia) 3, is cubic with space group P2t3 and a = 10.688±0-002/~. 
The positions of all atoms were deduced from precisely measured X-ray diffraction intensities. In 
the collinear uranyl group U-O = 1"71=t=0"04 A. Normal to the uranyl axis are six secondary bonds 
from uranium to acetate oxygens with U-O = 2.49=f=0.02 A. Sodium is bonded to six acetate oxygens 
with Na-O ----- 2.374-0.04 I .  The bond lengths within the acetate group are C-C ---- 1.52±0.05 A, 
C-O ---- 1"26=[=0"05 A and 1.28+0"04 A, and 121 ° is found for the carboxyl bond angle. A revised 
bond length versus bond strength curve for UVZ-O bonds is presented. 

Introduction 
:Earher crystal  s t ruc ture  studies of u ranyl  salts have  
given some information about  the crystal  chemistry 
of these compounds. I t  has been shown tha t  the ura- 
nium atom, in addit ion to the two strong uranyl  bonds, 
forms four, five or six secondary bonds to oxygen or 
fluorine atoms. The positions of the light a toms have 
been determined with precision only for a small 
number  of s t ructures ;  but  it was found t h a t  the 
lengths of the  p r imary  as well as of the secondary 
bonds var ied considerably from compound to com- 
pound. This var ia t ion has been correlated with corre- 
sponding var ia t ion in the bond strengths (Zachariasen, 
1954a). However,  the published empirical bond length 
versus bond s t rength  curve was based upon a small 
number  of observations,  and the  present  investigation 
was under taken  in the hope of obtaining fur ther  
reliable exper imental  results. 

The crystal  s t ructure  of sodium uranyl  acetate,  
NaUO2(OOCCH3)a, was first s tudied by  I. Fankuchen  
(1935). He  repor ted the space group P213 and four 
molecules in a uni t  cube with a = 10-670+0.001 kX.  
Fankuchen  described a complete s t ructure ;  but  only 
the  u ran ium sodium and  uranyl  oxygen positions 
were deduced from the observed intensities. However,  
this early work gave the  impor tan t  result  t h a t  the 
uranyl radical, by space group ~ymme~ry, had to be 
collinear. 

The isostructural  nep tun ium and plu tonium com- 
pounds were identified during the war  (Zachariasen, 
1949). A unit  cube of a = 10.659±0.002 kX.  was 
reported for the  neptunium and of a -- 10.643+0.002 
kX.  for the  p lu tonium compound. The analogous 
americium compound has since been added to the iso- 
s t ruc tura l  series (Ellinger, 1956). 

* Work done under the auspices of the Atomic Energy 
Commission. 

Experimental procedure 
The s t ructure  analysis of MgUO~02 (Zachariasen, 
1954b) and of K3UO2F 5 (Zachariasen, 1954c) demon- 
s t ra ted  t ha t  it is possible by  X - r a y  diffraction methods  
to locate the positions of light a toms in the presence 
of uran ium to an accuracy of 0.03 •. In  order to reach 
this precision it is necessary to measure  intensities 
with an accuracy a t ta inable  only with counters and 
to correct accurate ly  for absorpt ion and extinction 
effects. 

Crystals were prepared by  slow evaporat ion f rom 
a solution of uranyl  n i t ra te  and sodium ace ta te  in 
molar  proportions.  Most of the crystals so obtained 
were found unsuitable for intensi ty  measurements ,  as 
the  X - r a y  showed a seemingly single crystal  to consist 
of two or more individuals in slight misal ignment.  
However ,  two excellent specimens were eventual ly  
found, and these were made  into near ly  perfect  
spheres in the Bond Sphere Grinder.  The radii  of the  
two spheres were 0.0116±0.0002 cm. and 0.0122± 
0.0003 cm., where the  limits of error denote the  ex- 
t reme variat ion.  

The intensi ty  measurements  were carried out with 
a General Electric X R D  Spectrometer  rebuil t  for 
single crystal  work, using filtered Cu K radiat ion and 
a proport ional  counter. The intensities of all possible 
HKO reflections were measured. Because of the very 
high absorption (,u = 470 cm. -1) very  small depar tures  
from perfect  spherical shape give rise to large intensi ty 
differences for equivalent  reflections. In  extreme cases 
it was found tha t  the  intensi ty  could v a r y  by  as much 
as th i r ty  per  cent from one equivalent  plane to an- 
other,  while intensi ty measurements  for a given plane 
were reproducible to two per cent. In  order to minimize 
this source of error measurements  were made  for all 
planes of the same crystal lographic form and  the  
average taken.  As a means of fur ther  reducing the  
experimental  errors complete HKO da ta  were ob- 
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t a ined  for bo th  c rys ta l  spheres  descr ibed above.  W h e n  
the  in tens i t ies  were reduced to  s t ruc tu re  factors,  the re  
was nea r ly  perfect  a g r e e m e n t  be tween  the  two sets  of 
complete  da ta .  

D e t e r m i n a t i o n  of t h e  s t r u c t u r e  

I n  ag reemen t  wi th  F a n k u c h e n ' s  ea r ly  work  i t  was 
found t h a t  a - -  10.688+0.002 /~ wi th  four  molecules  
per  un i t  cell a n d  space group P213. The  pos i t ions  of 
th is  space group are :  
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two  of the  difference syn theses  are shown in Fig.  
1 (a) a n d  (b). 
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4a ( z ,x ,x ) ;  (½+x, ½-x,~) ©; 
12b (x,y,z) ©; (½+x, ½-y,~.) ~.~; 

(½+y, ½-z ,  5) © ;  (~+z,  ½ - x ,  9) ~ .  
o ~  

The  u r a n i u m  a toms  m u s t  be in  pos i t ions  4a. The  
single p a r a m e t e r  for u r a n i u m  is r ead i ly  d e t e r m i n e d  
from chance absences  a n d  f rom m e a s u r e d  s t ruc tu re  
fac tor  ra t ios  IFnxo]/]FxHo[ for H+K odd a n d  large. 
As a p r e l im ina ry  va lue  sub jec t  to f u r t h e r  r e f i n e m e n t  
one f inds eas i ly  x -- 0"429+0.001. 

Since t he  u r a n i u m  sca t t e r ing  p redomina tes ,  a n d  
since there  are invers ion  centers  in  t he  X Y projec t ion ,  
the  posi t ions  of t he  l igh t  a toms  were found  d i rec t ly  

Ilo Qdz. from Four ie r  syn theses  of the  t y p e  Diff icul t ies  

due  to pa r t i a l  superpos i t ion  of non -equ iva l en t  a toms  
were e l imina ted  b y  the  use of difference syntheses ,  o.75 

The  f irs t  syn thes i s  to  be carr ied out ,  f~ 
1 

( ~ - e . )  dz, 
gave  a p p r o x i m a t e  coordinates  for sodium a n d  oxygen  
a toms.  These  a toms  were t hen  r e m o v e d  in the  second 
difference synthes is ,  a n d  p r e l i m i n a r y  posi t ions  for the  
carbon a toms  were obta ined .  F u r t h e r  r e f inements  were 
carr ied ou t  w i th  the  a id  of difference syn theses  in 
which the  effect of all  bu t  one set  of a toms  a t  a t ime  oa5 
was removed.  F o u r  such successive re f inements  were 
made.  The  f inal  set  of p a r a m e t e r s  so ob t a ined  is 
shown in Table  1. The  a toms  U, Na,  Oi and  Ou are 
in the  special  posi t ions  4b a n d  all  o ther  a toms  in 
genera l  posi t ions  12b. Ac tua l  X - R A C  p h o t o g r a p h s  for 

Table  1. Atomic coordinates 
Fankuchen (1935) This study 

U x 0.428 ± 0.002 0.4292 ± 0.0003 
Na x 0.81 +0.03 0"8289:t: 0.0006 
Oi x 0.31 +0.02 0.336 -/-0.002 
Oii x 0"55 +0"02 0"521 +0"002 
Oiii x - -  0.382 -b0.002 

y - -  0.291 + 0"001 
z - -  0.608 + 0.001 

OIv x - -  0"551 +0"001 
Y - -  0.241 +0"001 
z - -  0"500 +0"002 

CI x - -  0.482 +0-001 
y - -  0.229 + 0.002 
z - -  0.598 J= 0-001 

CH x - -  0.509 +0-002 
y - -  0-118 d= 0.002 
z ~ 0.683 =t= 0.001 

0-50 

0-25 0~0 0.75 

(a) 

I 
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Fig. 1. (a) shows the X-RAC photograph of a Fourier difference 
synthesis in which a]! but the uranyl oxygens have been 
removed. The two lowest contour lines have been deleted. 
(b) is an X-RAC photograph of a Fourier difference synthesis 
with all but acetate oxygen atoms removed. The large peak 
at x = {, y -~  ½ is due to the superposition of two Oiv 
atoms. 

I n  t he  r e f inemen t  process i t  was assumed  t h a t  the  
h e a t  mo t ion  could be represen ted  a d e q u a t e l y  by  two 
iso t ropic  t e m p e r a t u r e  factors,  one for u r a n i u m  and  
the  o the r  common to all l ight  a toms.  The  effect ive 
sca t t e r ing  power  of u r a n i u m  was t a k e n  to be f - 5 . 0 +  
i14.0, where  f is the  no rma l  f - cu rve  w i t h o u t  anomalous  
dispers ion (Dauben  & Temple ton ,  1955). The  imagi- 
n a r y  t e rm  in the  anomalous  dispers ion was t a k e n  in to  
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account  by  app ly ing  a correct ion to  the  expe r imen ta l  
s t ruc tu re  factors.  This correct ion is HKO _Fo .Fc HKO Fo .Fc 

r Foorr = (]Fobs.l~-]Ful~) ½ (i)  l l0  45.0 --45.6 660 30.3 31.I 
• 200 54.2 55.1 830 10.8 - ] 0 . ]  

, 210 26.7 27.1 380 1.8 -2 .1  
where  F v is t he  s t ruc tu re  factor  for t he  u r a n i u m  a toms  120 51.3 50.2 750 3.3 5.1 
resul t ing  f rom the  i m a g i n a r y  dispers ion t e r m  alone. 220 23.3 24.2 570 25.6 25.9 
This correct ion is small,  bu t  no t  cons tant ,  and  hence  310 4 5 - 1  -46.1 840 8.0 6.9 
i t  could no t  be i nco rpo ra t ed  in  t he  scale factor.  130 13.3 14.1 480 9.5 9.8 

320 2-1 0.9 910 22.2 20.4 
I n  t he  course of t he  r e f inement ,  i t  was found  t h a t  230 40-5 43.4 190 9.4 10-4 

ex t inc t ion  effects were  small,  bu t  no t  negligible.  For  4o0 7-8 -7 .7  920 14.2 -13 .6  
smal l  ex t inc t ion  t he  i n t ens i t y  correct ion is 410 27.1 28.3 290 2 1 - 1  -19 .4  

140 48-7 48.1 760 1 5 - 6  -15-5  
I¢orr. = Iobs./(1--2gIob~.) 330 6"4 --4"2 670 0 1.1 

420 8.4 7-2 850 7.7 --8-8 
where  2globs. < 1 for t he  s t ronges t  reflect ion.  Hence ,  240 2.8 1.6 580 5.4 7.3 
ex t inc t ion  correct ion can be appl ied  to  t he  exper imen-  430 60.9 59.9 930 4-2 3.6 

340 9.1 9-4 390 23.0 20-5 
ta l  s t ruc tu re  factors  as follows 510 42.5 -42 .2  940 22.6 -20-7  

150 8.2 9.6 490 22.4 -22 .2  
Fcorr" ~ Fobs.(1 +/Clobs. ) (2) 520 4 2 " 3  --44"0 770 0 --0"7 

250 34-9 35.8 10,0,0 6-1 --3.5 
where  k is a cons tan t .  440 9.3 10.1 860 21.2 20.6 

W h e n  t he  inves t iga t ion  was u n d e r t a k e n  the re  was 53o 1 8 . 9  -18 .9  680 18.6 18.1 
n e i t h e r  hope  nor  expec t a t i on  t h a t  t he  h y d r o g e n  a t o m s  350 24.5 25-7 10,1,0 7.5 - 8 - 0  
wou ld  show up  in t he  Four ie r  pro jec t ions  in  t he  600 37.6 -38 .0  1,10,0 25.2 -24 .6  

610 3-7 3-2 10,2,0 2-8 -2 -9  
presence  of t he  h e a v y  u r a n i u m  atoms.  However ,  in  160 16.0 16.5 2,10,0 8-2 - 7 . 4  
several  of t he  di f ference syn theses  small  a n d  diffuse 620 3 1 - 2  -30 .2  950 1 3 . 4  -12 .7  
secondary  m a x i m a  and  i r regular i t ies  in the  lowest  260 32.4 -35 .9  590 9.7 7.9 
con tour  fines abou t  oxygen  and  carbon peaks  were 540 26.4 29.2 10,3,0 2 5 . 1  -24-1 

450 32.0 34-2 3,10,0 8.2 - 8 . 4  
observed.  A difference synthes is  wi th  all bu t  h y d r o g e n  630 26.3 26.2 870 0 - 0 . 4  
a toms  was there fore  carr ied out.  Only  t e rms  for which  360 0 -0 -5  780 8.2 8.6 
s in0/) .  < 0.3 were  inc luded.  The  resu l t ing  X - R A C  710 0 - 0 . 4  10,4,0 0 0 
s u m m a t i o n  showed  smal l  peaks  a t  t he  u r a n i u m  posi- 170 17.3 19-1 4,10,0 0 0.7 

550 25.6 26.6 960 7-5 - 5 . 7  
t ions  ( indicat ing t h a t  t he  scale factor  was too  smal l  640 5-3 3.9 690 7.1 - 6 . 3  
by  a f rac t ion  of one per  cent)  a n d  peaks  cor responding  460 3-2 1.5 11,1,0 23-5 21.4 
to  th ree  sets of a toms  in  genera l  posi t ions  12b. The  720 35.1 -34 .5  1,11,0 4-3 -4 -2  
coordina tes  of these  m a x i m a  were  no t  cons is ten t  to  270 4.4 6.1 11,2,0 1.7 1-1 

730 7.4 7.8 2,11,0 1 6 . 2  -15 .7  
be t t e r  t h a n  0"03 because of diffuseness and  super-  370 43.8 44.7 10,5,0 1 6 . 3  -15-1 
posi t ion,  and  the re  was also considerable  va r i a t ion  in  650 15.0 15.3 5,10,0 9.6 9.4 
the  he ights  of t he  peaks .  These  concen t ra t ions  of 56o 1 3 - 9  -14.3  880 18.0 16.7 
res idual  sca t t e r ing  m a t t e r  were  a t  d is tances  of 0 .8 -  8oo 33.2 -29.9  11,3,0 5.2 5-6 

810 7.1 - 7 . 4  3,11,0 1.4 -1 -9  
1.5 ~_ f rom the  Cr~ a toms  and  are p robab ly  to  be 180 1 5 . 5  -15 .5  970 1 6 . 2  -16 .4  
iden t i f ied  as the  h y d r o g e n  a toms.  I n  Table  2 are 740 41.3 -40 .2  790 3.2 2-5 

470 4.4 4.6 10,6,0 4.3 4.1 
820 1 7 . 5  -17 .6  6,10,0 2.1 1-8 
280 20.5 -20.7  Table  2. Hydrogen coordinates 

Experimental values Idealized 

tII x 0-43 0.46 0.43 
y 0.06 0.08 0.06 
z 0.67 0.69 0.67 

t t i i  x 0.56 0.57 0"52 
y 0.17 0.20 0.15 
z 0-77 0.81 0.77 

HHI x 0-58 0.59 0.58 
y 0.04 0.06 0.07 
z 0.66 0-67 0-65 

s h o w n  the  crude h y d r o g e n  coordina tes  as ob t a ined  
d i r ec t ly  f rom the  X - R A C  pho tog raphs  as well as a 
se t  of ideal ized coordinates .  The  l a t t e r  set  was de- 
duced  f rom the  e x p e r i m e n t a l  values  by  a d j u s t m e n t s  
w i t h i n  e x p e r i m e n t a l  error  so as to yie ld  more  reason-  
able C - H  b o n d  lengths  and  bond  angles. 

Table  3. Observed and calculated structure factors* 

* Values are given per stoiehiometrie molecule. When H is 
odd, the structure factor is purely imaginary. 

Table  3 shows the  observed  and  ca lcula ted  s t ruc tu re  

factors.  The  observed  values  h a v e  been  correc ted  for 
ex t inc t ion  (equa t ion  (2)) and  for t he  i m a g i n a r y  p a r t  
of t he  anomalous  dispers ion in u r a n i u m  (equa t ion  (1)). 
The  f - cu rve  of T h o m a s - F e r m i  as g iven  in ]nternationale 
Tabellen was used  for u ran ium,  of M c W e e n y  (1951) 
for hydrogen ,  and  of Berghuis  et el. (1955) for t h e  
o the r  a toms.  The  following t e m p e r a t u r e  factors  were  
ob t a ined :  B = 2.9 ~2 for u ran ium,  and  B = 3.6 /~2 
for t he  f ight  a toms.  The a g r e e m e n t  b e t w e e n  ex- 
pe r imen ta l  and  ca lcula ted  s t ruc tu re  factors  corre- 
sponds to 

R = ~ I I F o I - l ~ o l l + X i F c l  = 0 - 0 5 5 .  
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Bond lengths  

The lengths of the  bonds formed by the various a toms 
in the  s t ruc ture  are" 

lY-10i = 1.724-0.04 A 
-1 Oii = 1"704-0.04 A 
-3 OIII = 2.47+0.02 A 
-3 OIv = 2.514-0.02 A 

Na-3 Oiii = 2.394-0.04 A 
- 3 0 i v  = 2.36+0.04 A 

Oi-1 U = 1.74±0.04 A 

Oii-1 lY ----- 1.704-0.04 A 

Oiii-1 U = 2.47±0.02 A 
-1 Na = 2.394-0.03 A 
-1 CI = 1.264-0.05 A 

CI-1  CII = 1 - 5 2 ± 0 . 0 5  A 
- 1 0 I H  = 1 . 2 6 ± 0 . 0 5  A 
- 1 0 i v  = 1 . 2 8 ± 0 . 0 4  A 

O I I I - C i - O I v  ,m 121 ° 

Oiv-1 U = 2.51±0.02 A 
-1 Na = 2.364-0.04 A 
-1 Ci = 1.28±0.04 A 

cii-1 cl = 1.52±0.05 A 
-1 I-I~ = 1.1 (o.8) A 
- I H ~ I  = 1.0 (1.5) A 
-1 Hill = 1.0 (1.1) A 

The bond lengths given in parentheses  for the Cl l -H 
bonds correspond to the  crude exper imental  values 
for the  hydrogen coordinates. 

u 

t 

oo,- o, 
j . 2 9 ~ . 2 6  ~ 

It'521 
H~I(+O.I) H,r(-0"8) 

H~(+I'O) 

Fig. 2 shows the configuration about a uranium atom and 
within the acetate group, as seen along a three fold axis. 
The uranium atom lies in the projection plane. Numbers 
in parentheses give the height in A above this plane. 

The configuration about  a u ran ium a tom is shown 
in Fig. 2. As Fankuchen  first pointed out, the  space 
group requires the  uranyl  group to be collinear. I t  is 
seen t h a t  the two uranyl  bonds, U - O I  and U-OII,  
are equal within exper imental  error, and so are the  
secondary bond lengths, U - O r e  and U-Oiv.  The sec- 
ondary  bonds are ve ry  near ly  a t  r ight  angles (89 ° ) 
to the uranyl  axis. E v e r y  other  edge of the hexagon 
formed by  the  Om and  0iv  a toms is an  edge of a 
carboxyl  group. In  this manner  the hexagon can be 
p lanar  wi thout  causing unreasonably  small oxygen-  

oxygen separations.  The same configuration of oxygen 
a toms about  the  heavy  a tom as observed in this 
s t ructure  has previously been found in RbUO2(N03) a 
(Hoard & Stroupe,  1949), KPu02CO a (Ellinger & 
Zachariasen,  1954) and  UO~C03 (Christ, Clark & 
Evans ,  1955; Cromer & Harper ,  1955). In  other  
s t ructures  with six secondary bonds where the  hexagon 
does not  share edges with radicals such as n i t ra te ,  
carbonate  or carboxyl,  the  hexagon becomes puckered 
so as to yield larger 0 - 0  or F - F  separations.  Such 
puckered hexagons have  been found in CaUO202 
(Zachariasen, 1948a), UO2F 2 (Zachariasen, 1948b), 
KAmO2F 2 (Asprey, Ellinger & Zachariasen,  1954). 
When  uran ium forms five or four secondary bonds to 
fluorine or oxygen a toms as in K3UO2F 5 and MgU0202, 
there is no steric problem and the  polygons are found 
to be planar .  I n  other  words, whenever  sterically 
possible the  secondary bonds lie in the  plane normal  
to the XO 2 axis. 

Since the  Oi and  0i i  a toms are bonded only to 
uranium,  detailed valence balance requires t h a t  a 
bond s t rength  of s = 2-00 be assigned to each uranyl  
bond and of s = ½ to each secondary bond. The bond 
length v e r s u s  bond s t rength  curve previously published 
predicts U-OI  = U - O n  = 1.60 A and U - O n I  = U-OIv 
= 2.6 A, as against  the  observed values of 1.71±0.04 
A and 2.49+0.02 A. There is a similar discrepancy 
between predicted and  observed values in the  UO2CO.~ 
s t ructure  where the  bond s t rengths  are the  same as 
in the  present  case. I n  t h a t  s t ruc ture  the  values are 
1.67±0.09 A and  2-49±0.05 A for the  two bond 
lengths. 

These observations show t h a t  the  bond length 
v e r s u s  bond s t rength  curve needs revision. The revised 
curve is shown in Fig. 3, and  in analyt ical  form in 
Table 4. 

2.50 

e -  

t~ 
o, z o o  

1'50 I I I 
0 0.50 1.00 1.50 2.00 

Bond Strength,s 

Fig. 3 shows the variation of bond length with bond strength. 
The experimental points shown are the results obtained 
from the structural studies of KsUO2Fs, MgUO202 and 
NaUO2 (O2CCH3)3. 

The six Oiiz and Ozv a toms about  sodium form a 
slightly dis torted octahedron,  and the  observed bond 
lengths are close to the  usual value for six coordina- 
tion. 

In  the  aceta te  group the  carbon and oxygen a toms 
are coplanar within exper imental  error, and this plane 
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Table 4. U - O  bond lengths as function of bond strengths 

Uranyl bond Six secondary bonds Four secondary bonds 
t, _ ^ 

8 Bond length -- s Bond length s Bond length" 

2.00 1.70 A 0-33 2.49 /~. 0.50 2.38 A 
1.75 1.74 0.42 2.43 0.63 2.30 
1.50 1.83 0.50 2.38 0.75 2.23 
1.25 1.95 0.58 2.33 0.88 2.15 
1.00 2.08 0.67 2-28 - -  - -  

is near ly  normal  (86 °) to the  associated uranyl  axis. 
The distances and bond angles within the  group agree 
well with those observed in other  acetates.  

The crude experimental  determinat ion of the hy- 
drogen coordinates places the H m  a tom in the same 
plane as the carbon and oxygen atoms, and this 
feature  was re ta ined in modifying the  exper imental  
coordinates for the  hydrogen atoms so as to give more 
reasonable C - H  distances and bond angles. H - 0  dis- 
tances outside a given aceta te  group are all greater  
t h a n  2-7 /~, showing tha t  there is no real bonding. 

The 0m--0~v distances are 2.21+0.05 /~ within and 
2-76±0-05/~ between aceta te  groups. These are alter- 
na t ing  edges of the near ly  plane hexagon of oxygen 
atoms about  the uran ium a tom shown in :Fig. 2. 

The :Fourier syntheses were carried out on X-RAC,  
while all other  calculations were made  by hand.  The 
authors  are deeply grateful  to Prof. R a y m o n d  Pepin- 
sky for the  generous and hospitable manner  in which 
he made  X-RAC available to us, and to the X-RAC 
personnel for their  valuable help. 
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Experience is summarized in the use of fractional shifts of scale, temperature and distance para- 
meters, values of r = 2:w(IFo]2--JFcl2)2/2:wl•or 4, the behavior of temperature factors and a three- 
dimensional Patterson superposition program in the determination of a number of structures. 

The increasing availabil i ty of high-speed digital com- 
puters  in crysta l lography makes  it  desirable t ha t  
general accounts of procedures and experience be 
available. Certain changes and developments in known 
methods,  especially greater  emphasis on three-dimen- 
sional methods,  as well as the  development of new 
methods,  are taking place in a number  of different 
laboratories.  The var ie ty  of computers  now available 
renders an account of programs for some par t icular  
computer  of only special interest,  but  we feel t ha t  a 

more general s t a tement  of computer  experience and 
techniques is of interest  to crystallographers.  

The Remington Rand  1103 UNIVAC S C I E N T I F I C  
high-speed digital computer,  in use for crystallographic 
computat ions  in this labora tory  for over three years,  
has a larger memory  than  computers for which similar 
computat ions  have been described (Bennet & Ken- 
drew, 1952; Ahmed & Cruickshank, 1953; Mayer  & 
Trueblood, 1953; Thompson, Caminer, Fant l ,  Wr igh t  
& King, 1954; Cochran & Douglas, 1955; Friedlander,  


