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The Crystal and Molecular Structure of Biphenyl 
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Department of Chemistry, University of.British Columbia, Vancouver 8, Canada 

(Received 20 .December 1960) 

Crystals of biphenyl are monoclinic with two molecules in a unit cell of dimensions 

a=8.12, b=5.64, c=9.47 /~; fl=95.4 °. 

Although a very weak 030 reflexion was observed, structure analysis has been completed satis- 
factorily on the basis of space group P2~/a. The carbon skeleton of the molecule is completely planar 
within the limits of experimental error, the maximum deviation from the mean molecular plane 
being only 0.007 A. Hydrogen atoms are reasonably well-resolved on the (Fo-Fc) maps, and their 
positions, although they can be determined only approximately, suggest that the hydrogens also are 
situated on the plane of the carbon atoms, but that there are small in-plane displacements of the 
ortho hydrogen atoms from idealized positions, which reduce steric strain. The length of the central 
C-C bond is 1.507 A, and the other molecular dimensions indicate that the molecular symmetry is 
mmm. All the intermolecular contacts correspond to normal van der Waals interactions. 

Introduction 

The molecular configuration of biphenyl in the solid 
state was first established more than thir ty  years ago 
by the observation that  the crystals are monoclinic 
with two molecules in a unit  cell of space group P21/a 
(Hengsteberg & Mark, 1929; Clark & Picket, 1930, 
1931; Dhar, 1932). This necessitates a molecular 
centre of symmetry,  and hence the two rings must 
be coplanar. A later study of the intensities of the 
X-ray reflexions (Dhar, 1949) was not sufficiently 
detailed to provide further accurate information about 
the molecular configuration or dimensions. 

The earliest electron diffraction investigation of 
biphenyl vapour (Karle & Brockway, 1944) was inter- 
preted as indicating a non-coplanar structure, although 
this conclusion was not based entirely on the ex- 
perimental evidence, since a completely planar ar- 
rangement agreed equally well with the data. A later 
investigation of biphenyl vapour, together with similar 
studies of 3,3'-dichlorobenzidine and 3,3'-dibromo- 
biphenyl (Bastiansen, 1949), suggested an angle of 
45 _+ 10 ° between the planes of the two rings. 

A detailed X-ray investigation of crystalline bi- 
phenyl is obviously long overdue, especially in view of 
recent examples of a statistically-centrosymmetrie 
arrangement of non-centrosymmetric molecules in 
space group P21/a (Trotter, 1958; Robertson, Shearer, 
Sim & Watson, 1958). If such an arrangement were 
present in biphenyl crystals, then non-coplanar mole- 
cules could be accommodated, even in space group 
P21/a with Z--2.  The present paper describes an in- 
vestigation of the crystal structure of biphenyl using 
X-ray diffraction methods. 

During the course of the investigation the author 
learned that  a similar study was in progress elsewhere 
(Hargreaves & Rizvi, 1960), but it was agreed that  it 
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would be useful for the two studies to proceed inde- 
pendently, and perhaps for some comparison to be 
made afterwards. 

Exper imenta l  

The crystals were obtained from the walls and neck 
of a bottle where they had been deposited by very 
slow sublimation. The density was measured by 
flotation in aqueous potassium iodide solution. The 
unit-cell dimensions and space group were determined 
from rotation and oscillation photographs of crystals 
rotating about the a and b axes, and Okl and hOl 
Weissenberg films. 

Crystal data 
Biphenyl, C12H10; M.W.=154.2;  m.p t .=71  °C. 
Monoclinic, a--8.12, b=5.64, c=9.47/~,  f l=95.4 °. 
Volume of the unit  ce11--431.8 •8. 
Density, calculated (with Z=2)=1.179 g.cm. -8, 

measured = 1.170 g.cm. -3. 
Absorption coefficient for X-rays, 4 =  1.542 A, 

# -- 6.06 cm.-1. 
Total number of electrons per unit cell = F(000)= 164. 

Careful examination of the Weissenberg films indi- 
cated the absence of hO1 reflexions when h is odd, 
and also of 0k0 reflexions when k is odd, except for 
a very weak 030 reflexion. Since no 010, 050 or 070 
reflexions could be observed, and since the 030 was 
extremely weak, it was felt that  it might be a Ren- 
ninger reflexion, and that  the true space group was 
P21/a. Nevertheless, it was considered that  it would 
be better to proceed without choosing initially between 
the three possible space groups Pa, P2/a and P21/a. 

The intensities of the 0kl and hO1 reflexions were 
recorded on Weissenberg exposures of the equatorial 
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layers for crystals rotating about the a and b crystal 
axes, using Cu Kc~ radiation, with multiple-film tech- 
nique to correlate strong and weak reflexions. The 
intensities were estimated visually, the range being 
about 100,000 to 1. The crystals had fairly uniform 
cross-sections and no absorption corrections were 
applied. The structure amplitudes were derived by the 
usual formulae for a mosaic crystal, the absolute scale 
being established later by correlation with the cal- 
culated structure factors. 62 independent 0/el re- 
flexions and 85 independent hO1 reflexions were ob- 
served, representing 82% and 84% respectively of the 
possible numbers observable with Cu K~ radiation. 

Structure analysis 

The determination of the complete structure proceeded 
by examining initially the projection down the b-axis. 
The very strong 201 reflexion suggested that  all the 
atoms must be situated very close to this plane. 
Much more detailed information about the atomic 
positions, however, could be deduced from the ad- 
ditional observation that  the 402 reflexion was too 
weak to be observed. These two pieces of information 
taken together suggested that  carbon atoms 1, 1',4 
and 4' were situated exactly on the (201) plane, and 
that  the other eight carbon atoms were displaced 
from this plane by one-sixth of the 201 spacing, so 
that  their contribution to the 402 reflexion exactly 
cancelled the contribution of the first four atoms. 
Further consideration of the high-order reflexions 
corresponding to the 1.2 and 2-1 A, spacings of the 
six-membered rings indicated that  the 4-4' axis was 
exactly perpendicular to the b-axis, and established 
coordinates for all the carbon atoms in the molecule. 
These atomic parameters indicated that this projection 
at least must be centrosymmetrical or nearly so. 
Structure factors were calculated for all the hO1 
reflexions using the scattering factor for carbon of 
:Berghuis et al. (1955), with B=4.8  j~2 for all the 
atoms and the discrepancy factor was 24.2%. 

The b-axis projection indicated that  the space group 
was probably either P21/a or P2/a, so that  the mole- 
cule must be situated on a centre of symmetry in 
either of these space groups, and hence must be planar, 
or on a two-fold axis in space group P2/a, in which 
case measurements on the projection indicated an 
angle of about 60 ° between the planes of the two rings. 

In order to decide between these various possibilities 
it was necessary to consider the projection along the 
a-axis. When a centrosymmetrical molecule was placed 
on a centre of symmetry in space group P2/a, all the 
0k0 reflexions with k odd had high Fc values. When 
a molecule with a two-fold symmetry axis was placed 
on the space-group two-fold axis, that  is in the special 
position (0, y, ~), and y was taken as ¼, excellent 
agreement between Fo and Fc was obtained for all 
Okl reflexions with k even, and 0k0 reflexions with 
k odd had zero Fc values for this particular arrange- 

ment. I t  was felt that  this was very promising, since 
small atomic shifts during further refinement might 
explain the observation of the weak 030 reflexion. 
However when structure factors were calculated for 
the 0kl reflexions with k odd, it was noted that  the 
agreement was very poor, particularly for the 0kl 
reflexions, so poor in fact that  this structure was 
quite obviously incorrect. 

Structure factors were then calculated for the 
remaining possibility--a centrosymmetrical, planar 
molecule at (0, 0, 0) in space group P21/a--and ex- 
cellent agreement was obtained between observed and 
calculated structure factors, the R value for all the 
0kl reflexions being 16-5%. 

I t  was now apparent that  the space group was 
P21/a, or very close to P21/a, and that  the molecule 
was planar, or very nearly planar, and that  the 
structure factor agreement was good enough to indi- 
cate that  there was no possibility of a statistical 
arrangement of molecules with a 45 ° angle between 
the planes of the rings. I t  was considered that  any 
small deviation from P21/a would become apparent 
(as strongly anisotropic thermal parameters) during 
the course of refinement. 

This elucidation of the structure has been described 
in some detail to stress that  there is no doubt about 
the planar configuration of the molecule. 

Further refinement proceeded by computing (Fo- Fc) 
syntheses, and altering the positional and isotropic 
temperature parameters of the carbon atoms to 
minimize the slopes and difference electron-densities 
at the atomic centres. One cycle reduced the discrep- 
ancy factors to 16.5% for the hO1 zone and 14.8% for 
the 0kl zone. A second set of difference syntheses was 
computed but no further changes in carbon-atom 
positional parameters were indicated. There were, 
however, significant well-resolved maxima corre- 
sponding to hydrogen atoms, and it was possible to 
obtain approximate values for the coordinates of all 
the hydrogen atoms in the molecule. The measured 
structure factors are compared in Table 2 with the 
values calculated for the carbon atoms only. In- 
clusion of hydrogen atom contributions would reduce 
the discrepancy factors slightly. Final electron-density 
projections, computed with measured structure ampli- 
tudes and calculated signs, are shown in Figs. 1 and 2. 
Fig. 1 also shows the second hO1 difference synthesis, 
to illustrate the resolution of the hydrogen atoms. 

Coordinates and molecular dimensions 
The final positional and temperature parameters of 

the carbon and hydrogen atoms are listed in Table 1, 
x, y, z being coordinates referred to the principal 
crystallographic axes and expressed as fractions of the 
unit-cell edges. Deviations of the atoms from the best 
plane through their centres are included in Table 1. 

The bond lengths and valency angles in the mole- 
cule, calculated from the coordinates of Table 1, are 
shown in Fig. 3(a). On the basis of the standard 
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Table 1. Final positional and temperature parameters, 
and deviations from the mean molecular plane 

A t o m  x y z 

C x 0.0357 - 0.0007 0-0764 
C9. -0 -0042  0.1738 0.1690 
C a 0.0648 0-1723 0"3130 
C 4 0"1719 --0.0040 0"3607 
C 5 0"2103 - 0.1795 0.2672 
C 6 0"1416 --0"1770 0.1253 

I-I2 --0.091 0.308 0"150 
I-I s 0"033 0.314 0"385 
I-I 4 0.222 -- 0.005 0.468 
/-I 6 0.284 -- 0-308 0.297 
l:I 6 0.197 --0"317 0.057 

B (A2) A (A) 
4.0 -- 0.002 
4.8 --0.007 
5.4 --0.001 
5.4 + 0.007 
5.4 0 
4.8 --O.006 

--0.10 
+0.01 

0 
--0.01 
+0 .13  

deviations of the atomic positions, described below, 
the molecular symmetry  does not deviate significantly 
from mmm, and the mean values of the C-C bond 
distances and of the valency angles are shown in 
Fig. 3(b). :None of the differences between the C-H 
distances are significant, and the mean value of 1.06 A 
is included in Fig. 3(b). 

Standard deviations 
The estimated standard deviations of the atomic 

coordinates, calculated from Cruickshank's (1949) 
formulae, are a(x)= a(y)= a(z)=0.016 A for carbon, 
and a(x)=a(y)=a(z)=O.12 A for hydrogen. The 
corresponding standard deviations of the measured 
bond distances are 0.023 A for C-C bonds (0-032 J~ for 
the central bond) and 0.12 • for C--H bonds. 

D i s c u s s i o n  

T h e  a p p e a r a n c e  o f  t h e  v e r y  w e a k  030  r e f l e x i o n  o n  t h e  
p h o t o g r a p h i c  r e c o r d s  f o r  t h e  Okl z o n e  h a d  s u g g e s t e d  

i n i t i a l l y  t h a t  t h e  t r u e  s p a c e  g r o u p  m i g h t  be  P 2 / a  or  Pa.  
A s  d e s c r i b e d  a b o v e ,  t h e  a g r e e m e n t  b e t w e e n  2'0 a n d  F c  

v a l u e s  f o r  Okl r e f l e x i o n s  w i t h  k o d d  w a s  v e r y  p o o r  f o r  

t h e  o n l y  p l a u s i b l e  t r i a l  s t r u c t u r e  i n  s p a c e  g r o u p  P2/a,  
so t h a t  t h i s  s p a c e  g r o u p  w a s  a p p a r e n t l y  i n c o r r e c t .  

R e f i n e m e n t  t h e n  p r o c e e d e d  s a t i s f a c t o r i l y  o n  t h e  b a s i s  

o f  s p a c e  g r o u p  P21/a, w i t h  t h e  b i p h e n y l  m o l e c u l e s  

s i t u a t e d  o n  c e n t r e s  of  s y m m e t r y ,  a n d  h e n c e  h a v i n g  

h k 1 2"0 2"c 
0 0 1 23"6 +21"6 

2 33-7 - 34"5 
3 9.2 +7"6 
4 18.8 - 2 0 . 5  
5 18"3 -- 16"1 
6 2"0 +2"2 
7 0"8 +0"4 
8 <0"7 - 0 " 4  
9 2-7 --2.6 

10 1"9 --1"3 
11 1.9 +1 .7  
12 <0 .4  +0 .9  

_ _  

2,0,12 1.2 +2 .1  
11 0.5 --0.1 

_ _  

10 1.9 +1 .7  
<0.7  --0.2 
10.4 --11.2 

4.8 --4-9 
0.6 - 0 . 2  
6.5 --9.7 
5.7 + 7 . 8  
2.3 --0.4 
4-2 +5-3 

T 75.4 + 68.5 
0 19.7 +17.2  
1 21.1 --21-2 
2 8.2 +8 .3  
3 20.9 -- 18.9 
4 26.2 --21.4 
5 4.1 + 4 . 0  
6 8.5 +8 .8  
7 <0 .6  +0 .3  
8 6.2 --6.9 
9 3.4 --2.6 

10 1.7 + 1 . 0  
11 0.5 --0.3 

_ _  

4,0,11 0"7 + 1"5 
10 <0"6 +0"1 

9"5 --10"2 
5"8 --6"7 
2-2 + 3 . 8  
2.5 - 2 . 4  

T a b l e  2. Measured and calculated structure factors 

h k 1 2"0 2"c h k l Fo 2,c 
4 0 ~ 4.2 + 5 . 5  

Y~ 15.4 +13 .8  
1-3 + 0 . 4  

<0 .5  0 
T <0 .5  + 0 . 2  
0 10.3 +7 .5  
1 10.7 +10 .4  
2 6.2 --8.2 
3 5.9 --6.2 
4 1.2 --0.9 
5 2.4 -- 1.6 
6 <0 .7  --0.2 
7 3.1 --4.5 
8 3.3 --2-4 
9 1.5 + 1.1 

10 <0-4 --0.6 
6,0,10 2-8 --3.7 

§ 2.3 - 3 . 2  
<0 .6  +0 .9  

1.1 --1.1 
1.8 +2 .7  
6.7 +8 .3  
1.1 +0 .8  
2"8 --6"7 
1.7 --3.5 

T 9.2 + 9 . 6  
0 9.2 +8 .5  
1 2-3 --2.3 
2 0.8 +3 .2  
3 1.7 --2.8 
4 11-7 --12.0 
5 2.6 --2.3 
6 1.8 +0 .7  
7 1.4 --0.9 
8 1.2 + 1.7 
9 0.5 +0 .7  

8 0 8 1.0 --1.4 
0.4 +0 .7  
1.1 +1 .7  

<0 .6  +0 .5  
2.6 +0"6 
1.6 --0.3 

8 0 3  2-1 + 3 . 3  
i 3-7 +4-2 
0 0.7 --0.9 
1 <0 .7  +1 .9  
2 0.6 --1.5 
3 8.8 --9.5 
4 3.2 --2.8 
5 2.0 + 2 . 0  
6 <0 .4  +0 .1  
7 <0 .3  + 1 . 5  

10,0,4 1.8 +1 .7  
<0 .4  0 

0-7 + 1 . 0  
T <0 .4  --0.7 
0 0.9 --0.7 
1 <0-4 --0.5 
2 1.4 --3.0 

0 1 1 <0 .3  --0.7 
2 8.0 +9 .2  
3 1.2 +2 .3  
4 5.5 +3 .1  
5 8.9 +8 .5  
6 3.6 --4.9 
7 9.4 -- 11.4 
8 0.7 --0.3 
9 4.1 + 4 . 3  

10 0.4 + 0 . 8  
11 <0 .4  + 0 . 9  
12 0.8 + 1 . 0  

0 2 0 5-8 --4.7 
1 2.8 --1.9 
2 20.8 + 19.7 
3 12-0 + 12.3 
4 6.3 --7-1 
5 1.9 + 2-4 
6 2.1 --4.9 
7 11.6 -- 11-2 
8 1.7 --1.0 
9 <0 .5  --0.1 

10 0.6 --0.6 
11 1.5 +1 .6  

h k l 2'0 2"c 

0 3 1 0"5 --0"7 
2 1"3 --1"2 
3 1"4 +0"5 
4 0"5 --0"4 
5 1-1 --1"1 
6 <0 .5  +1.1  
7 0-7 + 1 . 3  
8 0.9 --0.2 
9 <0 .5  --0.5 

10 0.3 --0.2 
11 <0 .2  --0.1 

0 4 0 4.7 + 4 . 3  
1 1.9 +0 .9  
2 5.8 +4 .7  
3 3.3 + 4 . 3  
4 2.5 --3.3 
5 O-4 --0.5 
6 3.4 --2.7 
7 4.3 --4.9 
8 0.3 --0.3 
9 0.3 --0-4 

10 0.3 --0.4 
0 5 1 1.4 + 1.0 

2 1-2 -- 1.3 
3 0.4 --0.4 
4 <0 .5  --0-3 
5 1.2 -- 1.7 
6 1.5 + 1 . 0  
7 2.3 +2 .6  
8 0.3 +0 .1  

0 6 0 9.0 + 9 . 4  
1 2.6 +2-2 
2 1.2 -- 1.9 
3 <0 .5  + 0 . 4  
4 2.2 --2.5 
5 1.7 --2.2 
6 <0 .3  +0 .1  

0 7 1 <0 .3  +0.1  
2 <0-3 + 0 . 4  
3 < 0.2 + 0.3 
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Fig. 2. (a) Electron-density projection along the a-axis; 
contours at intervals of 1 e.A -2, with the one-electron line 
broken. (b) Projection of the structure along [100]. 

negative contours broken, zero contour dotted. 

coplanar rings. If  then  the true space group were Pa, 
i t  would have to correspond quite closely to P21/a, 
the two rings in each molecule would have to be near ly  
coplanar, and the deviations from the space group of 
higher s y m m e t r y  and from planar  molecules would be 
detectable as strongly anisotropic thermal  parameters  
for atoms C2, Cs, Cs and  C6, and as very  elongated 
hydrogen atom peaks. Nei ther  of these effects is in 
fact observed. The peaks wi thin  the s ix-membered 
rings on the hO1 ( F o - F c )  maps  (Fig. l(c)) could 
probably  be removed by  introducing anisotropic tem- 
perature  factors for the carbon atoms, bu t  this thermal  
anisotropy is not  par t icular ly  marked.  Further ,  the 
m a x i m a  corresponding to hydrogen atoms, far from 
being elongated, are par t icular ly  well-resolved circular 
peaks (Fig. l(c)). I t  can be concluded then, on the 
basis of the satisfactory refinement,  the absence of 
marked  thermal  anisotropy, and the resolved hydrogen 
atoms, t ha t  the true space group of b iphenyl  crystals 
is P21/a. The 030 reflexion is possibly a Renninger  
reflexion, a l though insufficient da ta  have been re- 
corded to determine the reflexions from which it is 
derived. 

All the carbon atoms in the molecule lie on one 
plane, the m a x i m u m  deviat ion from the mean  molec- 

Fig. 1. (a) Electron-density projection along the b-axis; contours at intervals of 1 e.A -9", with the one-electron line broken. 
(b) Projection of the structure onto (010). (c) (.Fo--Fc) synthesis, showing hydrogen atoms; contours at intervals of 0.2 e.A -2, 

(a) (c) (b) 
0 1 2A 

I I I 
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ular plane being 0.007 A and the root-mean-square 
deviation 0.005 ~,  in comparison with an estimated 
standard deviation in atomic position of 0.016/~. The 

H 4 H 

/1.06 11"06 
H s % ~ ~ 4  I. H 3 H I. H 

1"416 

, , ,  12o2 zl o I, 12o61 1 

14 Hi (a) (b) 

Fig. 3. (a) Measured bond lengths (A) and valency angles 
(degrees) in biphenyl. (b) Mean distances and angles. 

0 
\ 

0 1 2 3)~ 
I t , I 

Fig. 4. Projection of the structure along [010], showing the 
shorter intermolecular contacts (A). 

maximum deviation of the hydrogen atoms from the 
carbon atom plane is 0.13 A and the r.m.s, deviation 
0.07 J~, and, in comparison with the e.s.d, of 0.12 
for hydrogen atoms, these deviations cannot be con- 
sidered significant. The largest deviations are for the 
ortho hydrogen atoms, but, since H2 and H6' are dis- 
placed in the same directions, these displacements 
would not reduce the strain which one would expect 
in a regular planar model, even if they were large 
enough to be significant. 

When one examines the valency angles however 
(Fig. 3), there is a definite indication of in-plane 
displacements of H2, He', H6, H6' (the ortho hydrogen 
atoms), the deviations from 120 ° of the valency 
angles involving these hydrogen atoms being in direc- 
tions which suggest an increase in the distances H2-H6' 
and tt2'-H6 over those which would pertain in an 
ideal model with 120 ° valency angles. The He-H6' 
distance in a regular model is 1.80 J~, while the 
distance calculated from the coordinates of Table 1 
is 2.07 A. Now the hydrogen atom positions have been 
determined only rather approximately, and on the 
usual standard deviation criterion, the increase from 
1.80 /~ to 2.07 A is only possibly significant. Never- 
theless, this increase is probably a real effect, since 
the steric strain which would pertain in a regular 
model with a H • • • H non-bonded distance of 1.80 A 
would be considerably relieved by the increase to 
2-07 ~,  this relief having been achieved without 
sacrificing planarity. 

The bond distances and valency angles in the mole- 
cule (Fig. 3(a)) indicate no significant deviation from 
symmetry  mmm, and mean distances and angles are 
shown in Fig. 3(b). The central bond has length 1.507 A 
with a standard deviation of 0.032 /~. This distance 
is close to those reported in perylene (Donaldson, 
Robertson & White, 1953) and quatterylene (Shriva- 
stava & Speakman, 1960). Within the six-membered 
ring, the e.s.d, of the mean C-C distances is 0.016/~, 
so tha t  bonds 2-3 and 5-6 are possibly longer than 
the others. These variations in C-C bond length within 
the ring are in the opposite directions to those which 
would be predicted by resonance theory. 

Intermolecular distances 
All the intermolecular distances correspond to 

normal van der Waals interactions. The shorter 
contacts are illustrated in Fig. 4, and all the separa- 
tions are quite large, some of the space being filled 
of course by the hydrogen atoms. In  the b direction 
the shortest contact is 3.88 ~.  

The author thanks the National Research Council 
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Dr J. C. Speakman for suggesting the problem, to 
Dr J. Bloor for bringing to his notice tha t  similar 
work was in progress at  Manchester, and to Dr 
A. Hargreaves for helpful correspondence. 



1140 THE CRYSTAL AND MOLECULAR STRUCTURE OF BIPHENYL 

References 
BASTL~SE~, O. (1949). Acta Chem. Seand. 3, 408. 
BERGI~UIS, J., I-LkANA_PPEL, IJ. M., POTTERS, M., LooP- 

STRA, B. 0. ,  MAGGILLAVRY, C. H. ~5 VEEIq-ENDAAL, A.L. 
(1955). Acta Cryst. 8, 478. 

CLA_~:, G. L. & PICI~ET, L. W. (1930). Proc. Nat. Acad. 
Sci. U .S .A .  16, 20. 

CT,~K, G. L. & PICKET, L. W. (1931). J. Amer. Chem. 
Soe. 53, 167. 

C~u~eKsm~,  D. W. J. (1949). Acta Cryst. 2, 65. 
D~AR, J. (1932). Indian J. Phys. 7, 43. 
]:)ma~, J. (1949). Proc. _Nat. Inst. Sci. India, 15, 11. 

DONALDSON, D. ~T., ROBERTSON, J.  M. • WHITE, J .  G. 
(1953). Proc. Roy. Soc. A, 220, 311. 

HA~OREAVES, A. & RlZW, S. H. (1960). Personal com- 
munication. 

I-IENOSTEBERO, J. & MAR~r, H. (1929). Z. KristalIogr. 70, 
285. 

Ka~LE, I. L. & BROCKWAY, L. O. (1944). J. Amer. Chem. 
Soc. 66, 1974. 

ROBERTSON, J. M., SHEARER, H. M. M., SIM, G. A. & 
WATSON, D. G. (1958). _Nature, Lond. 182, 177. 

SHRIVASTAVA, H.  N. (~5 SFEAKMAN, J.  C. (1960). Proc, 
Roy. Soc. A, 257, 477. 

TROTTER, J. (1958). Acta Cryst. 11,355. 

Acta Cryst. (1961). 14, 1140 

X-ray Diffraction Study of Indium Phosphate Dihydrate and 
Isostructural Thallic Compounds 

BY I~osE C. L. MOONEY-SLATER 

Massachusetts Institute of Technology, Cambridge, Massachusetts, U. S . A .  
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The isostructural crystals, InPO 4. 2 H20, T1PO 4. 2 H20, and T1AsO 4. 2 H.O have been studied by 
means of single crystal X-ray diffraction techniques. Structural parameters are given for the indium 
compound, which was chosen to represent the group. For this crystal, the cell, containing eight 
formula weights, has dimensions a = 10.36, b =8.84, c = 10.19 /~. The space group is Pbca(Dehls). 
The structure is a complex three-dimensional net, in which two sets of water oxygens are very 
differently situated. The framework of the net is built up of indium, phosphate groups and one set 
of water oxygens. The second set of water oxygens lie in otherwise unoccupied channels of the 
framework. The number and lengths of the bonds formed in each case strongly suggest that  one 
has the nature of an (OH)- and the other of an (OH3)+ group. These laboratory grown crystals are 
isostructural with the minerals, strengite (FeP04.2 H~O) and scorodite, (FeASO 4. 2 H20 ). 

Introduction 

Under  suitable conditions of preparat ion,  the ortho- 
phosphates  of indium and of t r iva len t  tha l l ium may  
be crystallized ei ther as an_hydrates or as dihydrates .  
The s t ructure  of InP04  and its isotype, T1P04, has 
been described in an  earlier paper  (Mooney, 1956). 
An X-ray  analysis of the hydra ted  crystals was under- 
t aken  as a cont inuat ion of a series of s t ructure studies 
of the phosphates  of t r iva len t  elements. Ea r ly  stages 
in the  examina t ion  of these two crystals, and also of 

a third, TIAs04.2 H20, showed, as expected, that the 
atomic ar rangement  in all three is essentially the same. 
The indium compound was selected as the most  favor- 
able case for detai led s t ructure determinat ion.  

Preparation of the crystals 

The addi t ion of phosphate  ion to an aqueous solution 
of indium ni t ra te  results in the  immedia te  precipita- 
t ion of a voluminous white  amorphous product ,  
described in chemical l i tera ture  as a basic salt of 
indefini te  composition. I t  is highly insoluble except in 

acids. A simple method proved successful in promot ing  
the  growth of single crystals suitable for X- ray  dif- 
fraction. Precipi tates  were dissolved in ni tr ic  acid 
solution and crystallized out  by very  slow di lut ion or 
neut ra l iza t ion  a t  temperatures  of about  75 °C. The 
crystals, of composit ion I n P 0 4 . 2  H20, general ly ap- 
pear as short, s tout  b ipyramida l  prisms, the  largest 
of which have dimensions of a few t en th  millimeters.  
Crystals of thall ic phosphate  d ihydra te  and thal l ic  
arsenate d ihydra te  were grown in the same way. The 

crystals of the arsenate were inferior to the other two 
in size and perfection of form. 

X-ray diffraction methods  

For I n P 0 4 . 2  H20, a complete set of diffract ion da ta  
wi thin  the Cu K s  range was collected. For  the  other  
two crystals, observations were l imited to zero and  
first layers about  the  three axial directions. All of the  
da ta  was photographica l ly  recorded on three-fi lm 
packs by means of an in tegrat ing Weissenberg instru- 
ment.  The intensit ies were measured by means of a 


