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I ntro d tjc tio n

T h e m etatorb ern ite  group of m inerals is characterized  b y  th e  form ula  
A ^ U ^ X O í)* -n H 20 ,  w here A m ay  be a lm ost any m on ova len t or d iva len t  
catión , and X  m ay  be P or As. T h ese  m inerals have received  a great deal 
of s tu d y , b u t there are still problem s concern ing the crysta llograp h y  of 
som e m em bers of the group. D ifferen t authors arrive at d ifferent results  
in the d eterm in ation  of u n it cell and space group (A lver and Sellevo l, 
1957; D o n n a y  and D o n n a y , 1955; N uffield  and M iln e , 1953; R oss, 1963; 
R oss, E v a n s and A pp lem an , 1964; R oss and E v a n s, 1965; T ak an o , 1961; 
V olborth , 1959).

U p  to  1955 a tetragon a l cell w ith  a =  6.9 Á w as assigned to the m inerals 
of the group. W eak  reflections show ing th a t, for som e m em bers of the  
group, th e  cell w ith  a =  6.9 Á  w as a pseudo cell were observed later by  
different authors. D o n n a y  (1955) for in stan ce, u sing  the in tegratin g  pre- 
cession  techn iq ue, found  for uranocircite  a tetragon al cell w ith  a =  9.87 Á. 

T o  our know ledge, published  d ata  h ave been  ob ta in ed  exc lu sive ly  by
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X -ra y  d ifíraction  m ethods. A t our laboratory an electrón  d ifíraction  
stu d y  of sy n th etic  sam ples of several m em bers of the arsenate group has 
been started . I t  w as exp ected  th a t electrón  d ifíraction  tech n iq u es w ould  
furnish a m ore reliable and sen sitive  m ethod  of stu d y , perm ittin g  the  
recording of w eak reflections n ot easilv  observed b y  X -ra y  d ifíraction . 
A s sta ted  by  R oss (1963), the true cell and sym m etry  can be deduced  
on ly  b y  tak ing  in to  accou nt th e  v ery  w eak  reflections; the ligh t oxygen  
atom s determ ine the princip ies of coord ination , bonding and pack ing  in  
these structures; the uranium  atom s, u su a lly  occu p y in g  special p ositions, 
contribute scatterin g  in ten sity  on ly  to certain  classes of reflections cor- 
responding lo  a pseudo cell.

M e t h o d

T h e com p oun ds were obtained  as th in  {001} p la te le ts , too  sm all for 
X -ra y  single crysta l w ork, b u t su itab le  for transm ission  electrón  diffrac- 
tion; th ey  were q u a n tita tiv e ly  analysed , and identified  b y  their X -ra y  
pow der patterns.

E lectron  d ifíraction  p attern s were tak en  in  a M etrop o litan  V ickers 
E .D . 2 cham ber, and  in a P h ilip s 100 A electrón m icroscope. A s tiltin g  
w as on ly  possib le  around the axis of the sam ple holder, our observations  
w ere lim ited  to  th e hk0  n et of th e reciprocal la ttice .

T h e State of hyd ration  of the sam ples under the con d ition s prevailing  
in the electrón  m icroscope is n o t precisely  know n. T h e w ater of hydra­
tion  is situ ated  b etw een  structural layers w hich lie parallel to  the (0 0 1 ) 
m icaceous c leavage. W e b elieve  th a t its  con ten t does n ot affect the re­
flections observable on our selected  area d ifíraction  (S A D ) patterns. Re- 
su lts derived  from  these p attern s h ave  been  correlated w ith  published  
X -ra y  d ifíraction  d ata  for the corresponding “ m etah yd ra tes;” w hen space  
groups are suggested , th e  results ob ta ined  b y  d ifferent authors from  re­
flections other than  hk0  have been taken  in to  account.

M e t a z e u n e r it e  : C u (U 0 2A s 0 4)2 . 8 H 20

From  our S .A .D . p attern s a v a lu é  of 6 .9  A is ob ta in ed  for the a cell 
edge of m etazeu nerite , agreeing w ith  th e  resu lts g iven  b y  D o n n a y  (1965) 
and b y  R oss, E v a n s and A p plem an  (1964). T h e  space group g iven  by  
D o n n a y  is P A /n m m \  th a t g iven  b y  R oss et al. is P A /n  (probab le). For 
both  groups, the cond ition  lim itin g  th e  presence of possib le hk0  reflec­
tions is h-\-k =  2n. In  all our SA D  p attern s reflections w ith  Índices such  
th a t h +  k =  2 n + í ,  are observed  (F ig . 1).

T h e  crysta ls of m etazeunerite  being very  th in  in  the c d irection  these  
sp ots m ight b elong to  the hk 1  reciprocal net. I f  th is is true space groups 
sym m etry , P A /n m m  or P /A n  is possib le. B u t the fact th a t th e  sp o ts are
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Fie. 1. Mctazeunerite, C u(('02A s ( ( a )  selecicd area electrón diffraction pat-
tern, (b) idealized pattern.

observed th rou gh ou t th e  w hole p attern  and  their in ten sitie s  are not 
enhanced  w hen  th e  sam p le  is tilted  about [ 1 0 0 ], su ggests  th a t they  
belong to  the hk() net. If th e y  do, n o  con d ition s lim it th e  presence of the  
hk0  reflections, and in d ícate  the absence of an n  glide.

M e t a h e i n r i c h i t e : H a(U O »A sü 4)2 - 8 H 2O 

G ross el al.,  (1958) g a v e  for m etaheinrich ite  a  tetragon al u n it cell w ith  
a =  7.07 A  and no con d ition s lim itin g  th e  presence o f hk0  reflections. In  
m ost of o u t S A D  p attern s, besides hk0  reflections belonging  to  th a t  cell, 
w eaker sp o ts  appear th a t can n ot be indexed  on th e  basis o f a  cell w ith  
a  =  ¿>=7.07 A  (F ig . 2). I f  the w eak  sp o ts  belong  lo  th e  hk 0  reciprocal net, 
tw o  u n it cells can  be chosen

1) a =  ¿> =  9.97 A ; hk0: n o  con d itions. A n y  of the sp ace  grou ps proposed  
b y  G ross and C orey: (P4¡,  / '4 2/ rn, P 4 .2 2 ) ,  is  possib le.
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Fie. 2. Metaheinrichitc, Ba(UOa AsO^a-8H2O: (a) selectcd arca electrón dift'raction pat- 
lern, (b) idealized patterns. The subscript (s) refers to (he axis of the pseudo cell with a =  b 
=  7.07 A.

2) a =  14.1 A ; hk0: h-\-k =  2n.  E xam p les of possib le  d iffraction  sym b ols  
a r e : 4 í m P —j n  or A /m m m V —/ n — .

If the w eak sp o ts h elong  to  th e  hk  1  reciprocal n et, possib le  u n it ce lls  are:
1) a  tetragon al cell w ith  a  =  9.97 Á ; hk0: h + k  =  2n. P ossib le  d iffrac­

tion  sym b o ls  are: 4 /m P - / n  or 4 / m m m P - ! n — .
2) a cell w ith  orthorhom bic sy m m etry  and a ~ 6 ~ 1 4 .1  A ; hk0: h =  2n, 

k = 2 n ;  h k l : h-\-k =  2n. P ossib le  sp ace  groups: Cm ca, C m m a , Ccca.
T h e  p o ss ib ility  of an orthorhom bic cell m u st n o l b e  over looked. For 
m etauranocircite , the p h osp h ate  an a logu e of m etah ein rich ite , D o n n a y  
(1955) reported a tetragon al ce ll w ith  a =  9 .87 A , P seu d o  space grotip:
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I-'ig. 3. Metanovaceckite, MgfUOsAsCWi ■ 4H20 : (a) selected area electrón diffraction
pattern, (b) idealized pattern.

P A /n m m ,  but R oss an d  E v a n s  (1965) íou n d  th e  cell o f  m etau ran o  circita  
(1) to  be orthorh om bic w ith  a =  9 .8 1 ; 6 =  9.91 A . Our p attern s w ould not 
d e tec t d ifferences of 0 . 1  A.

M e t a n o v a c e c k it e : M g(U O oA s02)2  ■ 4H .O

D o n n a y  and D o n n a y  (1955) reported for m eta n o v a ceck ite  a u n it cell 
w ith a =  7 .12  A , space group P \ / n .  T h e y  su ggest th a t w eak  reflections 
m a y  h a v e  been overlook ed , and th a t Ihe cell th ey  found m ay  be really  a 
pseudocell.

In  our S A D  p a ttern s, in  a d d ition  to  the in ten se  sp o ts  d eñ n in g  a cell 
w ith  a =  7 .0  Á , w eaker sp o ts appear sh ow in g  th a t the sy m m etry  of the  
cry sta ls  m u st be low er than tetragon al (F ig . 3).

I í  th e  w eak sp o ts b elong  to  the lik0  reciprocal n et, tw o  orthorhom bic  
u n it cells m ay  be chosen:
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1) a —1.0 Á; 6 = 1 4 .0  Á. N o  con d ition s lim it the presence of hk0 re- 
flections, w hich im plies the absence of an n g lide plañe norm al to the  
c axis, and of screw  axes parallel to  a or b.

2) a =  14.0 Á; ¿>=14.0 Á . T h e con d ition  lim itin g  the presence of pos- 
sib le hk0  reflections, h = 2 n ,  im plies an a g lide p lañe norm al to c.

If the w eak  sp o ts belong to the hk 1  reciprocal n et, th e  cell has
a =  7.0 Á ; 6 =  14.0 Á . T h e  lim itin g  con d ition  for the presence of pos- 
sible hk0  reflections, k =  2n, im p lies a b g lide p lañe. For every  set 

of con d ition s, several orthorhom bic space groups are possib le.
T h ese  few  resu lts p o in t to  th e  con ven ien ce of a m ore com p lete  in- 

v estig a tio n  of the m inerals of th is group b y  electrón  d iffraction  m ethods.
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