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LiK2PaOs. H20 is monoclinic, space group P21/c, with cell dimensions: 

a=8"669_+0"003, b = 14.497 +_0.004, c=7"634 +0"006 A; f l=99 ° 53'_+ 3', Z = 4 .  

The structure was determined from a three-dimensional Patterson ftmction, and refined by electron- 
density syntheses and complete matrix least squares. The final R value for 1,011 independent 
observed reflections is 0.099. 

The trimctaphosphate anion consists of three orthophosphate tetrahedra joined at  corners to 
form a six-mcmbered ring of alternate phosphorus and oxygen atoms in a chair configuration. 
The phosphate tetrahedra are nearly regular. The two potassium ions have irregular coordination 
figures. One is surrounded by six oxygen atoms from five different anions and the water molecule. 
The other is surrounded by eight oxygens, two oxygens from each of four different anions. The 
lithium ion is found at the center of a fairly regular tetrahcdron formed by three oxygens and the 
water. The cation polyhcdra are linked at edges and corners to produce equal cohesion in all direc- 
tions, thus accounting for the lack of cleavage. 

Introduction 

X-ray,  spectroscopic, and chemical evidence (Van 
Wazer,  1958; Simon & Steger, 1954a, b) indicates 
t ha t  the t r ime taphospha te  anion is a ring formed by 
three phosphate  t e t r ahedra  sharing corner oxygen 
atoms. The X- ray  s t ruc ture  work on t r imetaphospha te  
salts previously repor ted (Caglioti, Giacomello & 
Bianchi, 1942; Raistr ick,  1949) merely indicated the 
possible existence of such a ring. As par t  of a stud); 
of t r imetaphospha te  salts, the determinat ion of the 
s t ruc ture  of LiK2PaO9.HeO was under taken  in order 
to provide accurate  information concerning this anion. 

Experimental  data 

To prepare  the l i thium dipotassium salt, sodium tri- 
metaphospha te  sesquihydrate  (Ondik & Gryder ,  1960) 
was first  converted to AgaP3Og, using an excess of 
AgNOa to prevent  the format ion  of double salts. 
A s lurry  of the silver salt was metathesized with LiC1 
and  KCI in a 1:2 molar  ratio. After  filtering to remove 
the AgC1, the  product  was precipi ta ted from solution 
by adding ethanol.  Single crystals were obtained by 
inserting one ml. of a 2% aqueous solution under  
20 ml. of ethanol in a test  tube  and permit t ing  dif- 
fusion to t ake  place a t  60 °C. for a few days. 

. . . . . . . . . . .  

* Based on a thesis submi t t ed  to the Johns  Hopkins  
TJniversity by E. D. Eanes  in part ial  fulf i l lment  of the require- 
ments  for the degree of Doctor  of Phih)sophy.  

Present  address,  Nat ional  Ins t i tu tes  of Heal th ,  Bethesda,  
Maryland.  

The crystals are lath-like in habit ,  with approx- 
imate ly  the following dimensions: 0.01 x 0.08 × 0.70 
mm. Precession photographs  were t aken  to determine 
the cell dimensions and space group. The cell dimen- 
sions were refined by a least squares t r ea tmen t  of 
powder da t a  recorded on a Geiger Counter dif- 
f ractometer ,  using Cu K a l  radia t ion (1.5405 A). The 
final values are:  

a = 8.669 _+ 0.003, b = 14.497 _+ 0.004, 

c = 7.634 +_ 0.006 •; fl = 99 ° 53' Jr 3'. 

The limits given arc the s t andard  errors computed by 
the least squares program. The space group is P21/c, 
since hO1 reflections occur only with 1 even, and Ok() 
only with k even. The densi ty  measured pycnometr i -  
cally is 2.33 g.cm. -3. The calculated number  of 
formula units per cell is 3.88. Wi th  Z = 4 ,  the cal- 
culated densi ty  is 2.40 g.cm. -3. The difficulty in 
completely removing air t r apped  in the mass of 
loosely-packed, lath-like crystals would account for 
the ra ther  low experimental  value for the density. 

The length of the crystals is parallel  to [001] and 
the dominant  form is the (100) pinacoid. The crystals 
are colorless, biaxial positive with 2 V es t imated a t  42 °. 
The optic normal is parallel to b. The acute bisectrix 
y makes an angle of 12 ° with c in the obtuse angle ft. 
The indices of refraction, measured in white t rans-  
mi t ted  light using oil immersion techniques,  are" 

n~ = 1.486, n~ = 1-490, nr = 1-500, all +_ 0-002 

(A. Van Valkenburg,  priv. comm.). 
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I n t e g r a t e d  e q u i - i n c l i n a t i o n  Weissenberg  photo-  
g raphs  were t a k e n  of layers  l = 0  to 6 a n d  of the  Okl 
layer ,  w i t h  Cu K ~  rad ia t ion .  The  usua l  mul t ip le - f i lm 
t echn iques  were used. A d e n s i t o m e t e r - c o m p a r a t o r  
was used to  measure  the  interLsities, s u p p l e m e n t e d  
by  v isual  e s t i m a t i o n  of the  v e r y  weak  spots.  Loren tz  
a n d  po la r i za t ion  fac tor  correct ions were made ,  bu t  
abso rp t ion  correct ions  were cons idered  unneces sa ry  
because  of the  smal l  size of the  crys ta ls .  A f r a g m e n t  
a p p r o x i m a t e l y  0.01 x 0 . 0 8 x 0 . 0 8  mm.  was used in  
ob t a in ing  the  Okl da ta .  

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

Nei the r  t r i m e t a p h o s p h a t e  an ions  nor  i nd iv idua l  P or 
0 a toms  could be expec ted  to  occupy  centers  of 
s y m m e t r y ,  t he  special  pos i t ions  of P21/c, a n d  the  
i n t e n s i t y  d a t a  d id  no t  ind ica te  t h a t  the  K + ions should  
occupy  them.  T h a t  these  a toms  occupy  4-fold genera l  
pos i t ions  was ver i f ied  upon  e x a m i n a t i o n  of a three-  
d imens iona l  P a t t e r s o n  func t ion .  Tr ia l  p a r a m e t e r s  for 
K,  P, a n d  O were der ived  f rom the  Pa t t e r son .  Di rec t  
reference to the  H a r k e r  sect ions P(x, ½, z) a n d  P(0,  y, ½) 
d id  no t  p rove  f ru i t fu l  because of ex t r eme  a m o u n t s  of 
over lap  a n d  p a r a m e t e r s  were deduced  using var ious  
sets  of n o n - H a r k e r  peaks.  

Assuming  the  an ion  to be a r ing,  P - P  r ing vectors  
were ident i f ied .  These  peaks  cor responded to vectors  
be tween  P a toms  which  form a t r i ang le  a b o u t  3 A 
on an  edge. A set  of four  K ~ - K H  peaks  es tab l i shed  
the  two K + ion posi t ions .  Two sets  of K - P  vec tors  
were used to locate  the  r ing  w i t h i n  the  a s y m m e t r i c  
un i t .  These  sets  each con ta in  two peaks  s epa ra t ed  
b y  a vec to r  equal  to  one of the  P - P  r ing  vectors .  
The  peaks  have  re la t ive  weights  and  are a t  su i tab le  
d i s tances  for K - P  in te rac t ions .  O x y g e n  p a r a m e t e r s  
were e s t ab l i shed  b y  consider ing a p p r o p r i a t e  P - O  
vectors  which  would  form fa i r ly  regular  oxygen  

t e t r a h e d r a  abou t  the  P a toms  giving rise to a r ing  
conf igura t ion .  

Several  cycles of hkO s t ruc tu re  fac tor  ca lcula t ions  
and  e lec t ron  d e n s i t y  syn theses  p a r t i a l l y  ref ined the  
x a n d  y values.  An  i so la ted  peak  appea red  which  was 
cor rec t ly  a s sumed  to be the  wa te r  molecule.  W i t h  an  
a s sumed  B of 1.5 for each a tom,  the  x a n d  y wdues  
were ref ined by a c o m p l e t e - m a t r i x  least  squares  
procedure .  The  resu l t ing  R(hkO) equal led  0-11. The 
Okl d a t a  were used to  refine the  z pa ramete r s ,  f irst  
b y  Four ie r  me thods ,  a n d  t h e n  b y  leas t  squares.  The 
R(Okl)=O.14. Several  leas t  squares  cycles us ing all 
1,011 i n d e p e n d e n t  observed  ref lect ions,  v a r y i n g  both  
pos i t ion  a n d  t e m p e r a t u r e  pa ramete r s ,  resu l ted  in an  
B(hkl) of 0.10. 

To locate  the  Li + ion, a th ree -d imens iona l  difference 
syn thes i s  was computed ,  us ing the  (Fo-Fc)  values  
ob t a ined  f rom the  las t  leas t  squares  cycle. The 
la rges t  peak  was one of d e n s i t y  2.0 e.A -3, the  max-  
i m u m  value  of the  res t  of the  syn thes i s  being 0.5 e. 2~ -3. 
This  peak  is a t  the  center  of a fa i r ly  regular  t e t r a h e d r o n  
formed b y  three  oxygen  a toms  a n d  a wa t e r  molecule.  
Inc lus ion  of the  Li p a r a m e t e r s  in a f inal  leas t  squares  
r e f inemen t  changed  the  R(hkl) negl ig ib ly  (to 0"099). 
] n  th i s  r e f inemen t  the  to t a l  n u m b e r  of p a r a m e t e r s  
va r ied  was 72, inc lud ing  x, y, z, and  B for each a tom 
a n d  a scale fac tor  for each level of da ta .  The  f inal  
p a r a m e t e r s  are repor ted  in  Tab le  1. 

The  s t ruc tu re  factors  l i s ted in  Tab le  2 are the  Fo 
and  sFc values  o b t a i n e d  f rom the  leas t  squares  
p rogram.  The s refers to the  scale fac tors  g iven  in  
Table  1. The  f inal  e lec t ron  d e n s i t y  pro jec t ions  Q(y, z) 
a n d  ~(x, y), (Fig. 1), c lear ly  show the  over lap  which 
p r e v e n t e d  locat ion  of the  Li + ion earl ier  in  the  s truc-  
tu re  ana lys is .  

F o r m  factors  for p0 a n d  K + ca lcu la ted  by  Tomiie  
& S t a m  (1958), for O ° f rom the  t ab les  of Berghu i s  et al. 
(1955), and  for Li  + f rom the  tab les  of F r e e m a n  (1959) 

Table  1. Final .structure parameters 

x a(x) y a(y) z a(z) B 
l) I 0.4895 0.0005 0.1558 0.0003 0.2125 0.0005 0.99 
PII o. 1705 0.0005 0-1789 0.0003 0.2742 0.0005 1.04 
I)ii i  0" 2413 0' 0005 0" 044 l (t" 0003 0" 0142 0" 0005 0" 90 
K I 0" 8266 0" 0005 0" 2 162 0" 0003 0" 9510 0" 0004 1- 70 
KI I 0.4580 0"0005 0"0993 0"0003 0"6753 0.0004 1.54 
Li 0.0723 0"0030 0" 11(,)5 0.0017 0.6427 0"0026 0"60 
Oi 0.1331 0-0014 0" 1155 0.0008 (1-1019 0.0013 ] "3!} 
Oil 0.4054 0.0014 0.1010 0.0008 0.0406 (,~.0012 1.26 
OIIl 0.3420 0.0013 0.2164 0.0008 0.2561 0.0012 1.18 
()iv 0.5422 0.0(1 [ 5 0.0879 0.0009 0" 3590 0-0013 1.80 
Ov 0.5993 0.0015 0.2238 0.0009 0-1531 0.0012 1.77 
OvI 0.1807 0"0017 (t. 1231 0-0009 0.4361 0.0013 2-04 
Ovl I 0.0583 0.00 l 7 0.2424 0.001 l 0.7402 0.0014 2.65 
Ov11I 0.7349 0.0015 0"04 [5 0"0009 0.8768 0.0013 1 "78 
Olx 0.1818 0.0016 0.0398 0.0009 0.8258 0.0014 1.86 
H2(.) 0.8498 0.0019 0.0917 0-0011 (}.5725 0.00 ! 5 3.27 

hk 1 

0.59 
bkO 
0.71 

hk2 
0"58 

Scale fa('tors 

hk3 hk4 hk5 
0"65 0'72 0"81 

hk6 
(}.87 

Okl 
0.61 

a(B) 
0.07 
O.O7 
0-07 
0.07 
0.O7 
0.38 
0.20 
0.2(t 
0.19 
0-22 
0-21 
0.23 
0.25 
(}.22 
0-23 
0.30 
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were used throughout.  All computing was performed 
on a high speed digital computer. The least squares 
refinement of the cell dimensions was done using a 
program written by Dr Charles Burnham of The 
Geophysical Laboratory, Carnegie Inst i tut ion of Wash- 
ington. The Lorentz and polarization corrections, 
structure factor and Fourier calculations were done 
using programs ~xitten at the National Bureau of 
Standards. The least squares refinement and calcula- 
tion of interatomic distances and angles were done 
using programs written at  Oak Ridge by Busing & 
Levy (1959a, b). 

Description of the structure 

In a Raman study of solutions of sodium trimeta- 
~hosphate (Simon & Steger, 1954), the ring exhibited 
6m2(Daa) symmetry.  In  the lithium dipotassium salt 
the triangles formed by the three phosphorus atoms 
and the three ring oxygens are almost equilateral 
(P-P  distances" 2-90, 2.90, 2.92 ~ ;  O - 0  distances: 
2.49, 2.46, 2-47 /~). The angle between the normals 
to the planes of the two triangles is only 3.3 ° (standard 
deviation, a, = + 0"4°), indicating that  the two planes 
are nearly parallel. The ring oxygens, however, are 
appreciably displaced from the plane of the phos- 
phorus atoms, O~ by 0.29 J~, On by 0.38 ~,  and 
Om by 0.42 ~.  Therefore, in the lithium dipotassium 
salt, the tr imetaphosphate anion does not even ap- 
proach 6m2 symmetry  but does exhibit pseudo 3m(Ca,) 
symmetry,  the chair (or trans-) form of a six-membered 
ring. The chair form of the ring can best be seen out- 
lined on the electron density map of Fig. l(a). 

The anion, as viewed along a and c, is outlined in 
Fig. 1, and as viewed along b, in Fig. 2. Distances 

c s i n f l  

• I ~  . . . .  ~ , ~ 1  

~ ×  Ov 

/"~ ( 

_~P~,~%~ _ ~  
o ~ . ~ - - . ~  . . . . . .  ~,~ 

(~ (a) 

0 bA 

(__.~ ~i)r .. i"'~l I L ~ ~ 1 ~  

\ ~  , ~  

(g $1n/~ 
(b) 

Fig. 1. Final ele(ttron densi ty projections ()(y, z) and ()(x, y) 
for the asymmetr ic  unit.  Contours are drawn at  arbi t rary 
intervals. The atomic positions are those obtained from 
the final least squares refinernent. 

OIV ~1,4 Ovl 

• 50 OH, 

~ ' ~ Ovll 
Ov ~ . 4 9 1 .  OvlH 1".59 

)o, 
o ,  , . o  

 "o,x 
Fig. 2. The t r imetaphosphate  anion viewed along [010], 

with bond distances in A. 

and angles within the anion (Table 3) are given with 
the same atom designation as in Fig. 2. These values 
are consistent with values reported in other condensed 
phosphate structures (Romers, Ketelaar & MacGil- 
larry,  1951; Corbridge, 1956; MacArthur & Beevers, 
1957; Davies & Corbridge, 1958; Corbridge, 1960; 
Ondik, Block & MacGillavry, 1961; Jest,  1961). 
:Features common to these structures include the 
short P-O terminal bonds and the longer P-O bridge 
bonds, the displacement of the phosphorus from the 
center of the tetrahedron toward the terminal oxygens 
and the regularity of the tetrahedral edges. 

H20 

o / o  ' O,x 

(a) (b) (c) 

Fig. 3. The cation coordination figures viewed along [001]. 

The coordination about the cations is shown in 
Fig. 3, and the distances in Table 4. The KI coordina- 
tion figure (Fig. 3(a)) is formed by five terminal 
oxygen atoms, each from a different ring, the water 
molecule, and a bridge oxygen Oi. This polyhedron 
shares edges with its symmetry  equivalents across the 
glide plane, forming chains along [001] (Fig. 4(a)). 
Oxygen atoms from four different anions are coor- 
dinated to KH (Fig. 3(b)). Two anion rings contribute 
two terminal oxygen atoms each and the other two 
rings contribute one terminal and one bridge oxygen 
each. Two of these KII-O polyhedra share an edge 
across a center of symmetry.  

The lithium coordination figure is formed by three 
terminal oxygens, each from a different ring, and the 
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Table 3. Interatomic distances and bond 

PI-OII 1.596 A Oll-Oizi 
Pl-Olii 1-631 Oit-Oiv 
PI-OIv 1.500 OIi-O V 
PI-Ov 1"494 OHI-()IV 
PH-OI 1.589 OII1- Ov 
PH-OHI 1.610 ()Iv-Ov 
PII-OvI 1.466 Oi-O]ii 
PII-OvII 1.493 OI-OvI 
PIII-OI 1.616 OI-OvH 
PIII-OII 1.626 OHI-OvI 
PIH-OvIIr 1-488 OZlI-OvH 
PII l-OIx 1.441 OvI-OvlI 

a = +_ 0.013 A Or-OII 
O1-Oviii 

I : ) I - -P I I  2.902 z~k O I - O I x  
PI-PIII 2-901 OiI-OvIIi 
PII---PH[ 2.921 Oii-0ix 

a = +(}-007 A Ovlii-OIx 

angles in the trimetaphosphate anion 

2.470/k OII-PI-OIII 99.9 ° 
2.517 OH- PI-OIv 108.7 
2.497 OH-PI-Ov 107-8 
2.574 OIH-PI-OIv 110.6 
2.491 OHI-PI-Ov 105.6 
2.618 Oiv-Pi-Ov 122.0 
2.462 OI-PII-OIII 100-6 
2-511 Oi-I)ii-Ovi 110.5 
2.451 Oi-I'ii-Ovii 105.3 
2-515 OIii--I-)ii--OvI 109.6 
2.514 ()H I-PH-OvH 108" 2 
2-571 0 v I-I-)u-Ov i i 120" 7 
2-492 Op-PIH-OII 100.4 
2-540 O1-PIII-OvHI 109"8 
2"472 OI-PHI-OIx 107.8 
2.531 OH-PHI-OvHI 108"6 
2-476 OH- Pni-Oix 107.5 
2-546 Ovm-PHi-Oix 120-8 

PH -OI-PIII 131.4 
PI-OII-PIII 128-3 
PI-OIH-PH 127-1 

a -= + 0"6 ° 

a = + 0"016 A 

wate r  oxygen  (Fig. 3(c)). I t  is ahnos t  a regular  te t ra-  
hedron ,  as ev idenced  by  the  L i - O  dis tances ,  and  the  
O - O  d is tances  which  v a r y  f rom 2.98 to  3.27 A 
( a =  +0 .02  A) (Table 4). The  Li + ion t e m p e r a t u r e  
factor,  0.60, t he  smal les t  of all t he  B values in Table  1, 
indica tes  t h a t  t he  ion is w i th in  a r igid coord ina t ion  
figure. 

Th rough  edge and  corner  sharing,  t he  KI, KH, and  
Li po lyhed ra  are l inked  to form a complex  ne twork  

i o i - 
. . . . .  

( a )  (b)  

Fig. 4. Linkage of the cation coordination figures. The asym- 
metric unit is outlined by the hc,~vier lb~e. (a) The glide- 
equivalent KI and coordinated O atoms forming vertical 
chains along c. (b) Network parallel to (001) formed by the 
cations and oxygens. Only coordination figures in adjacent 
units joined directly to those in the asymmetric unit are 
shown. OI, OiI and OIiI have been omitted to simplify 
the picture since they do not link cation polyhedra. The 
dashed lines indicate that the coordination involves oxygen 
atoms that are related by a c translation to those in the 
asymmetric unit. 

rough ly  paral lel  to the  ab plane  as is shown in Fig. 4(b). 
Only  the  t e rmina l  oxygens  and  the  wa te r  are i nvo lved  
in this  l inkage  and  to s impl i fy  Fig. 4(b) only  these  
a toms  are shown. The  n e t w o r k  combined  wi th  the  
KI  po lyhedra l  chains form a complex  th ree -d imen-  
sional l inkage  of the  po lyhedra .  The resul t ing cohesion 
is fair ly un i form in all direct ions,  account ing  for the  
absence  of cleavage. 

Table  4. Interatomic distances in the cation 
coordination polyhedra 

KI--OI 3.076 A 
Ki-Ov 2.703 
Ki-()v'  2.873 
Ki-()vii 2-804 
Ki-Ovi (  2.779 
Ki-Oviti 2.684 
KI-H20 2.931 

a = + 0-014 A 

Li-Ovi 1.968 A 
Li--Ovti 1.939 
Li-Oix 1.930 
Li--H20 1.955 
a = + 0.026 A 

KII-OII 2.896 A 
KII-OIII 2.956 
KII-OIv 2-640 
KII-OIv" 2.726 
Kii-Ov' 2.858 
KII-OvI 2.777 
Kii-Oviii 2.748 
KII-OIx 2.956 

a = _+0.013 A 

The hydrogens  of the  wa te r  molecule  are p r o b a b l y  
bonded  to the  0 i v  and  Ovi i i  a toms  (HeO-Oiv ,  2.875 .~; 
H20-Ovi~i ,  2.772 A; a =  +0.020).  The  O i v - H 2 0 - O v m  
angle is 92 °, which  would  ind ica te  t h a t  the  h y d r o g e n  
bonds  are p robab ly  non-l inear .  No exact  h y d r o g e n  
posi t ions  could be de r ived  f rom the  difference syn- 
thesis,  bu t  t he  m a p  d id  con ta in  pos i t ive  areas con- 
s i s tent  wi th  the  pos tu l a t cd  h y d r o g e n  bonds.  

The au thors  would  l ike to t h a n k  Mrs Marlene C. 
Morris of t he  Na t iona l  Bureau  of S t anda rds  for ref ining 
the  cell d imens ions  and  Mr A. Van  Va lkenbu rg  for 
ob ta in ing  the  opt ical  da ta .  
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The crystal structure of sulphanilic acid mono-hydrate has been solved by a combination of Patter-  
son and Fourier syntheses on two projections. These have been refined using difference syntheses 
to accuracies of 12.3% (hk0) and 14.6% (Okl) in R. The molecules have been shown to pack with 
their benzene rings in parallel layers 3-4 A apart.  The charged groups and water molecule are con- 
nected by a series of hydrogen bonds and this system is compared with that  existing in sulphamic 
acid. 

1. Introduction 

The crystal  s t ructure  of sulphanilie acid mono-hydra te ,  
NH~C6H4SO~-,H20, is of interest  in relation to a 
p rogramme of work on the s t ruc tura l  properties of 
charged groups which is in progress in this laboratory.  
Tha t  sulphanilic acid exists in the zwitterion configu- 
rat ion in solution is known from a var ie ty  of chemi- 
cal evidence, of which the work on dissociation con- 
s tants  by  Kumler  (1955) is perhaps the most  con- 
clusive. I t  is reasonable in the light of work on 
similar s t ruc tu res - -pa r t i cu la r ly  sulphamic ac id - - to  
presume t h a t  this configuration persists in the solid 
s tate .  

S t ruc tura l  investigations on sulphamic acid 
(NH3SO 3), by X - r a y  diffraction (Kanda  & King, 
1951; Osaki et al., 1955) and neut ron diffraction 
(Sass, 1960) have revealed the interact ions of the 
charged groups and the details of the hydrogen bond 
system in t ha t  molcculc. 

The present  work was under taken  in order to in- 
vest igate the changes, if any,  which take  place in 
these interact ions when the charged groups are sep- 
a ra ted  by a benzene ring. 

2. Exper imenta l  

Two crystalline habi ts  for sulphanilic acid have been 
reported (Hodgman et al., 1955)--elongated mono- 
clinic laths and rhombie plates. Crystals of the first 
form were obtained by  precipi tat ion from a hot 
sa tu ra ted  aqueous solution and the rhombic crystals 
when a cold solution was allowed to evaporate .  Both 
forms were initially t ransparen t ,  but  decomposed 
quickly to white microcrystall ine aggregates when 
exposed to air. 

Although Hodgman  et al. (1955) indicate t ha t  the 
monoclinic crystals contain two molecules of water  of 
crystall ization per molecule compared with one for 
the rhombie form, X - r a y  photography  showed tha t  
both forms are chemically identical. They have the 
same space group, cell dimensions and distr ibution of 
intensities, differing only in the development  of their 
crystal  faces. A densi ty  measurement - - see  be low--  
showed tha t  the crystals contain one molecule of water  
per molecule. 

The cell dimensions were measured using the back- 
reflection technique, modified for the Weissenberg 
camera.  A crystal ,  mounted  about  a non-unique axis, 


