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The Crystal Structure of p-Chlorobenzeneseleninic Acid 
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Crystals of p-chlorobenzeneseleninic acid are monoclinic holohedral with a = 12-14, b = 5.14, 
c = 12.55 A, and fl = 111 ° 5'. The space group is P21/c and there are four molecules in the unit 
cell. The structure was determined by means of projections along [010] and [001] which were 
refined by least-squares routines carried out on SWAC. The molecular structure and the hydrogen- 
bonded columns or chains along the screw axes are identical to those found in the unsubstituted 
acid. The two crystals are related by a type of pseudo isomorphism which is discussed in some 
detail. 

Introduction 

During the recent determination of the structure of 
benzeneseleninic acid (Bryden & McCullough, 1954), 
X-ray diffraction photographs of crystals of several 
Tara-substituted benzeneseleninic acids were also 
prepared with the thought that  these sul~stances might 
be isomorphous with the unsubstituted acid, and in 
this way be of aid in arriving at a satisfactory trial 
structure. In particular, it was hoped that  the p- 

• \ 

ehloro acid might glve:\helpful information regarding 
the tilt of the axis of the benzene ring with respect to 
(010). I t  is an interesting fact that  this latter goal was 
actually realized in spite of the fact that  crystals of 
the p-chloro acid are not isomorphous with those of the 
unsubstituted acid. 

The present study of the structure of p-chloro- 
benzeneseleninic acid was carried out mainly as an 
aid in the precise determination of the structure of 
benzeneseleninic acid, but it was of interest also to 
investigate the similarities of, and the differences 
between, the two structures. Since quite accurate 
values for the bond distances and bond angles in this 
type of molecule were found in the three-dimensional 
study of benzeneseleninic acid reported earlier, the 
present study was carried only through the refinement 
of projections along [010] and [001]. 

Crysta l lography of the acids 

Rotation and Weissenberg photographs of crystals of 
p-chlorobenzeneseleninic acid, p-nitrobenzeneseleninic 
acid, and p-tolueneseleninic acid showed that these are 
isomorphous with each other in the monoclinic space 
group P21/c. The cell dimensions of these acids, to- 
gether with those of the unsubstituted acid, are shown 
in Table 1. These constants are based on Cu K~ = 
1.542 A. 

Since the unsubstituted acid also crystallizes in 
P21/c, it was at first thought that  the acids were all 
isomorphous. However, the large discrepancy in the 
angle fl (approximately 12 °) and the differences in 

Table 1. Cell dimensions of benzeneseleninic acids 
a b c 

Acid (,-4-0.03 A) (+__0.02 A) (±0.03 A) (±15 ' )  

Benzeneseleninie 10.29 A 5.14 A 12.63 A 99 ° 15' 
p-Toluene- 

seleninie 12.32 5.14 12.52  l l l  40 
p-Chlorobenzene- 

seleninie 12.14 5-14 12.55 111 05 
p-Nitrobenzene- 

seleninie 12.34 5.14 12.66 113 50 

structure which soon became apparent definitely ruled 
out this possibility. By setting the p-chloro acid up 
as P21/n, the cell constants are quite similar to those 
of benzeneseleninic acid (see Table 4), but the ar- 
rangement of symmetry elements is then different. 
This interesting relationship between the two struc- 
tures is discussed later. 

The density of the p-chloro acid was found by flota- 
tion in mixtures of ethylene bromide and carbon 
tetrachloride to be 2.03 g.cm. -3. The density calculated 
from the X-ray data and the assumption of four 
molecules in the unit cell is 2-044 g.cm. -a. 

Determinat ion  of the approx imate  s tructure  

From zero-level Weissenberg photographs about the 
b axis, values for F2(hO1) on a relative scale were ob- 
tained. These values were used to prepare a Patterson 
projection on (010). By making the reasonable as- 
sumption that  the molecules form chains about the 
twofold screw axes as in benzeneselenJnic acid, the 
Patterson projection indicated the following para- 
meters for the heavier atoms: 

x z 
Se 0.089 0.379 
CI 0.450 0.650 

By use of these parameters, phases for the 160 F(hO1) 
values were computed and a Fourier projection on 
(010) was prepared. This projection showed all atoms 
except hydrogen clearly resolved. One refinement in- 
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volving changes of sign of a few F values gave the 
projection shown in Fig. 1. The x and z parameters 

0"50 

? 1,A 
0- 

0-50 

Fig.  1. Four ie r  p ro jec t ion  on (010). Contour  in tervals :  1.5 e.z~ -2  
2 2 for ca rbon  and  oxygen,  3.0 e . /~-  for  chlorine,  5 e . A -  for 

selenium. The zero con tou r  is no t  shown.  

given in SetA,  Table 2, were derived from this projec- 
tion. At this stage, the value of R in the expression 

R = ~](IFoI-IP~I)I+~IFol 
was 0.20 when an isotropic temperature factor, B = 
2.32 × 10 -16 cm/,  was used. 

An examination of the upper-level Weissenberg 
photographs about the b axis showed that  reflections 
of the type #+l  = 2 n + l  were weak and did IlOt 
extend to high values of sin 0. This same feature was 
noted in benzeneseleninic acid and was due to the 
fact that  the y parameter of selenium was nearly zero 
(-0.0021). The y parameter for selenium in the p- 
chloro acid was therefore taken tentatively as zero, 
a circumstance which prevents the use of selenium 
alone to determine the phases of the ~'(h#0) values 
for which k is odd. However, a Fourier projection 
along [001] was prepared, using only those F(h#O) 
values for which /c is even. This projection has ad- 
dition:al symmetry : that  would not be found on a 
complete Fourier projection, but it did give a good 
indication of the location of the chlorine atom. The 
possible y parameters for chlorine were 0.097, 0.403, 
0.597, and 0.903, of which only the last value gives 
a reasonable Se-C1 distance across the ring, namely, 
6.4 A. 

02, I 

- - 0 " 2 5 !  (1 
0 , o sin,8 0"50 

Fig. 2. Four ie r  p ro jec t ion  along [001]. Contour  intervals  as 
in  Fig.  1 

Table 2. Atomic parameters and their standard deviations 

A t o m  

Se 

CI 

01 

0 2  

Cz 

C2 

Ca 

C4 

C5 

Ca 

for p-chlorobenzeneseleninic acid 
Set x y z 

A 0.0890 0.9979 0.3810 
B 0.0886 0.9977 0.3804 
C 0.0889 0.9969 0.3803 
a (c) 0.0004 0.0029 0.0004 

0.4500 0.8970 0.6340 
0.4510 0-9011 0.6370 
0.4520 0.9014 0.6375 
0-0012 0.0065 0.0011 

0.0790 0.0410 0-2390 
0.0836 0.0018 0.2480 
0.0826 0.0410 0.2449 
0.0022 (0.02-) 0.0022 

0.9520 0.144"0 0*3820 
0.9547 0.1543 0.3814 
0-9552 0-1440 0-3799 
0.0022 (0.02-) 0.0023 

0.1870 0.2700 0.4480 
0.1882 0.2001 0.4481 
0.1886 0.2700 0-4470 
0.0026 (0"03-) 0.0031 

0.2480 0.4060 0.3900 
0-2607 0.4095 0.4015 
0.2622 0.4060 0-4050 
0.0035 (0.03-) 0.0037 

0.~350 0.5970 0.4480 
0-3479 0.5881 0.4521 
0.3445 0.5970 0-4554 
0.0042 (0-03-) 0"0037 

0.3530 O.673O 0.5670 
0.3566 0*6844 0.5604 
0*3523 0*6730 0.5643 
0.0041 (0.03-) 0.0042 

0.2900 0.5480 0.6250 
0.2854 0.5745 0.6205 
0.2920 0-5480 0.6194 
0.0051 (0.03-) 0.0030 

0.2050 0.3450 0.5670 
0.2091 0-3169 0.5684 
0.2144 0.3450 0.5706 
0.0045 (0.03-)  0.0032 

(c) 

(c) 

A 
B 
C 
c; (c) 

(c) 

(c) 

A 
B 
C 
(r (c) 

(c) 

(c) 

(c) 

This chlorine parameter made it possible to calculate 
signs with considerable certainty for all F(hkO) values. 
The resulting complete Fourier projection along [001], 
Fig. 2, shows the selenium and chlorine atoms well 
resolved, but gives little information regarding the 
y parameters of the carbon and oxygen atoms. 

R e f i n e m e n t  of the  s t r u c t u r e  

The structure was refined by application of the method 
of least squares to the hOl and h/c0 data (Sparks, Pro- 
sen, Kruse & Trueblood, 1956). The parameters listed 
as Set A in Table 2 served as the starting values, 
the y parameters for oxygen and carbon being the 
ones found for these atoms in benzeneseleninic acid. 
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Just i f ica t ion for this  is given later. F ive  least-squares 
cycles were carried out on each projection, using the 
isotropic tempera ture  factor given above. During this 
process, the value of /~  dropped to 0.169 for the (010) 
projection and 0.126 for the  [001] projection. The 
parameters  at this stage of ref inement  are those listed 
under  Set B in Table 2. The x parameters ,  determined 
independent ly  in the ref inement  of each projection, 
agreed wi th in  their  s tandard  deviat ions at  this  stage. 
These s tandard  deviat ions were only s l ight ly  greater 
t h a n  those given for Set C in Table 2. 

Four  more least-squares cycles were then  performed 
on the hO1 data,  making  use of indiv idual  anisotropic 
temperature  factors on each atom. These factors were 
of the  type  

exp [ -  (Bzzh z + Bz3hl + BaalS)] . 

The star t ing values were derived from the isotropic 
value given earlier. The x and z parameters  result ing 
from this fur ther  ref inement  are listed in Set C of 
Table 2 together with their  s tandard  deviat ions de- 
r ived from the de te rminant  coefficients (Shoemaker, 
Donohue, Schomaker & Corey, 1950). The value of R 
for the (010) projection was reduced to 0-125 by  the 
f inal  refinement.  

The anisotropic tempera ture  factors and  their  
s t andard  deviations result ing from the  f inal  least- 
squares ref inement  of the project ion on (010) are 
given in Table 3. The factors for selenium and chlorine 

Table 3. Anisotropic temperature factors and their 
standard deviations, from least-squares refinement of 

projection on (010) 
(Values in A 9") 

A t o m  Bl l  Gll B13 G13 B ~  ff~ 
Se 2-8 0.2 4.4 0-3 2-5 0.2 
C1 3.3 0.4 1-2 0-7 4.5 0.5 
O z 2.5 0.8 5-1 1-2 3.3 0-8 
O 2 0-9 0.8 --2.6 1.4 2-6 0.9 
C z 0.6 0-8 1.0 1-5 2.3 1.1 
C 2 3.3 1.2 19.0 1-5 6.9 1.0 

2.7 1-5 2-9 2-1 3.3 1.3 
2.9 1.5 3-4 2.2 4.1 1.4 

C 5 4-8 2.3 0.5 2-4 0.8 0.9 
5.8 1.8 6.1 2.0 2.1 1.0 

are of possible significance, also perhaps those for 
oxygen. However, the factors for carbon probably  
should not  be t aken  too seriously. The Bza factor for 
Ca is unexpectedly  large and no s t ruc tura l ly  significant 
explanat ion is proposed. P robab ly  the erratic tem- 

perature  factors for the •ghter atoms represent an 
a t t empt  on the  par t  of the  least-squares ref inement  to 
cover up errors in the in tens i ty  data.  Also, the hy- 
drogen atoms were not  included and there were un- 
doutedly errors caused by  absorption. Most significant 
is the  fact  t ha t  the  least-squares ref inement  with 
anisotropic tempera ture  factors changed the x and z 
posit ional parameters  by  less t han  the s tandard  devia- 
tions in these quanti t ies  in all but  four cases, and in 
these the shift  was but  li t t le more t han  the s tandard  
deviation. 

I t  is evident  tha t  the  y parameters  of the  l ighter 
atoms from the least-squares ref inements  of the  hb0 
da ta  (Set B) are not very  reliable• This is not  surpris- 
ing in view of the fact  tha t  these atoms are not  resolved 
on the Fourier  projection along [001]. Fur thermore ,  
i t  should be noted tha t  there were only 54 observed 
F(hkO) values. In  the least-squares ref inement  with 
an isotropic tempera ture  factor there are 20 variables, 
bu t  this  number  increases to 50 when anisotropic 
tempera ture  factors are included• Clearly the results 
of such a t r ea tment  of the h/d) da ta  would not  be very  
significant. However, in the case of the hO1 data, there 
are 160 observed reflections so tha t  the fur ther  refine- 
ment  is justified. 

Considering all factors, i t  was decided tha t  the best 
y parameters  for carbon and oxygen atoms in the 
p-chloro acid are those from the  three-dimensional  
s tudy  of the unsubs t i tu ted  acid. This decision was 
based on the following facts:  

c ~ 

(a) 

"~'C > Q' 

c ' ~  (c) 

__ ~_ Q 

Fig. 3. (a) The s t ruc ture  of p-chlorobenzeneseleninic acid 
projected on (010). (b) The structure of p-chlorobenzene- 
seleninic acid with new choice of a axis to more clearly 
indicate relationship to the structure of benzeneseleninic 
acid. (c) The structure of benzeneseleninic acid. Note that 
when the projected structures are made to superimpose, 
the arrangement of symmetry elements is different. 
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T a b l e  4. Comparison of transformed (P21/n) cells of 
para-substituted acids with original (P21/c) cell of 

unsubstituted acid 

Acid a (A) b (A) c (A) fl 

Benzeneseleninie  10.29 5.14 12.63 99 ° 15" 
p-Tolueneseleninic  11.58 5.14 12.52 98 ° 30' 
p-Chlorobenzeneseleninic  11.49 5.14 12.55 99 ° 35' 
p-Ni t robenzeneseleninic  11.36 5.14 12.66 96 ° 45" 

1. T h e  l e n g t h s  o f  t h e  b a x e s  o f  t h e  t w o  ce l l s  a r e  i d e n -  

t i c a l  w i t h i n  e x p e r i m e n t a l  e r r o r .  
2. T h e  o b s e r v e d  y p a r a m e t e r s  f o r  s e l e n i u m  a r e  0 . 9 9 7 9  

( a  = 0 . 0 0 0 3 )  a n d  0 - 9 9 6 9  ( a  = 0 . 0 0 2 9 )  i n  t h e  u n -  
s u b s t i t u t e d  a c i d  a n d  t h e  p - c h l o r o  a c i d  r e s p e c t i v e l y .  

3. T h e  a n g l e  m a d e  b y  t h e  S e - C a  l i ne  a n d  (010)  i n  t h e  

u n s u b s t i t u t e d  a c i d  is  4 7 . 2  °, w h i l e  t h e  a n g l e  m a d e  b y  

t h e  S e - C 1  l ine  a n d  (010)  i n  t h e  p - c h l o r o  a c i d  is 4 6 . 5  °. 

T a b l e  5. Comparison of observed distances in p-chloro- 
benzeneseleninic acid with those in benzeneseleninic acid 

p-Chloro acid U n s u b s t i t u t e d  acid 
^ 

B o n d e d  L e n g t h  (~)  ~ (A)" Leng th  (h)  a (/~) 

Se-C 1 1-85 0.07 1.903 0.021 
Se-O 1 1.70 0.05 1.707 0.015 
Se-O~ 1.79 0.05 1.765 0.015 
Cd-C1 1"69 0.08 - -  - -  

N o n - b o n d e d  

Se-Se" 4.11 0.02 4.12 0"01 
Se-C1 6.42 0.04 (across benzene  ring) 
C1-C1 4.14 0.06 (across cen te r  of symme-  

t ry)  
3.69 0.06 (along screw axis) c1-c1 

4. W h e n  p r o j e c t i o n s  o f  t h e  t w o  a c i d s  o n  t h e i r  r e s p e c -  

t i v e  (010)  p l a n e s  a r e  d r a w n  t o  t h e  s a m e  s c a l e  a n d  

T a b l e  6. Observed and calculated structure factors for p-chlorobenzeneseleninic acid 

Before  the  s t ruc ture  fac tors  for the--n-on-observed reflections could be  calculated,  SWAC was  d i smant led  for an indef ini te  
period,  p r o b a b l y  for several  months .  The  Fc values  given in Table  6 for the  non-obse rved  hOl reflections are those  c o m p u t e d  
earlier for  p a r a m e t e r  Set  A. No va lues  are avai lable  for the  non-obse rved  h/c0 reflections.  H o w e v e r ,  mos t  of these  are ref lect ions 
for  which  k is odd.  The selenium con t r ibu t ion  is prac t ica l ly  zero for these reflect ions and  the  ca lcula ted  s t ruc tu re  fac tors  wou ld  
be  expec t ed  to  be  re la t ive ly  small.  

The Fo l isted for the  non-obse rved  ref lect ions are 

h b l Fo Fc 
15,0,2 22.8 -- 18-7 

4 12.6 14-5 
6 29.1 30.7 
8 19.0 - -11 .9  

14,0,2 17.7 - -15.1  
4 5 -- 1-0 
6 26.6 23-6 
8 6.3 8.4 

10 26.6 -- 26-0 
13,0,2 46.3 - -50.1  

4 26-0 - -23 .0  
6 44.4 33-3 
8 42.5 35.8 

10 27.9 - -23-0  
12 15.2 - -16.1  

_ _  

12,0,2 8.8 -- 15-9 
4 23-4 -- 24-6 
6 6 - -10.1  
8 36.1 34.1 

10 6 3.2 
12 26.0 --25-1 
14 6.9 -- 9.8 

11,0,2 12.6 9.7 
4 41-2 -- 38-4 
6 22-8 --  19.0 
8 37.4 39-5 

10 6 -- 2.6 
12 25.3 - -24-6 
14 17-7 - -17-2 

10,0,2 34.2 32.5 
4 7 --  2.4 
6 48.2 - -43 .9  
8 8.8 14.9 

10 34.2 32-5 
12 6 3.8 
14 20.3 --29-1 

0 2 69.7 62.0 
4 7 16-0 
6 46.3 - -52 .3  
8 6 10.8 

10 34.8 33.4 

g iven as a single digit  which represen ts  the  upper  l imit of the  value.  

h k 1 Fo Fc 
12 6 -- 6.5 
14 22.2 -- 27.3 

0 2 56.4 54-6 
4 29.1 40-4 
6 51-3 --55-1 
8 46.3 - -42 .5  

10 69.1 61.3 
12 41.2 40.7 
14 28.5 - -32 .8  

0 2 69.1 79-3 
4 19.0 18-0 
6 57.7 - -47.7  
8 53.2 --38-8 

10 48.2 44.8 
12 35.5 35.9 
14 10"1 - -  8.3 
16 17.7 - -24 .9  

0 2 3O.4 29.5 
4 106.5 95-8 
6 20-9 21-8 
8 144.6 -- 109.5 

10 28.5 - -26 .7  
12 35.5 35.8 
14 15-2 17.5 
16 15-2 -- 20-2 

0 2 54.5 56.8 
4 74-8 67.4 
6 22.8 16.9 
8 83.0 - -64 .6  

10 15.8 - -15 .3  
12 17.7 18-7 
14 17-7 22.0 
16 10.7 --14-1 

0 2 87.5 - -91-7 
4 4 1.8 
6 97-0 90.9 
8 29-1 - -26-0 

10 39.3 -- 35.9 
12 15.2 15.7 
14 25.3 28.0 
16 6.3 -- 9.6 

h lc l Fo .F¢ 
0 2 41"2 --49"2 

4 12"6 --10"3 
6 46"9 42"3 
8 19"0 15"6 

10 32"9 -- 30"4 
12 17"7 --19"4 
14 20"9 19"4 

-° 0 2 130"6 -- 190"4 
4 86"2 --73"1 
6 110"3 102"0 
8 81"1 69-7 

10 47"5 --46-1 
12 25"3 --24"7 
14 20"3 21"8 

0 2 49"4 --51"3 
4 65-3 --64"7 
6 23"4 --23"1 
8 69"7 60"5 

10 6 6"2 
12 34-8 --31-8 
14 6"3 -- 8"3 

0 0 2 43"1 41"4 
4 163"0 --157"8 
6 48"8 --47-6 
8 84-3 82"5 

10 6 -- 5"0 
12 40"6 --42"1 
14 10"7 -- 8"9 

1 0 0 47-5 85"4 
2 12.6 12.0 
4 28.5 -- 29.9 
6 51-3 - -53 .5  
8 47-5 44.0 

10 34.8 34.4 
12 6 1.8 
14 21.5 - -20 .6  

2 0 0 50.1 57.5 
2 56.4 71.4 
4 47.5 - -51.2  
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h lc l Fo Fc 
2 0 6 54-5 --57.0 

8 50.1 43.7 
10 29.1 32.5 
12 6 -- 9.3 
14 24.1 --19.0 

3 0 0  6-3 -- 3.8 
2 50.1 54.8 
4 23.4 25.3 
6 41.2 --44.2 
8 22.2 --21.0 

10 29.8 27.9 
12 12-6 12.3 

4 0 0 38.0 --40.9 
2 62.8 72.6 
4 6.3 3.2 
6 36.7 --34.4 
8 12.6 --10.3 

10 20.3 17.4 
12 8-8 7.6 

5 0 0 74.2 -- 90.1 
2 5 0-8 
4 57.7 60.0 
6 12.6 18.2 
8 58.3 --57.8 

10 15.8 --16.1 
12 26.6 21.3 

6 0 0 83.7 --89-8 
2 22.8 19.0 
4 44.4 42.3 
6 6 3-1 
8 33.6 --27.9 

10 6.3 -- 5.8 
7 0 0 65.9 - -62 .8  

2 86.2 --77.1 
4 15.2 18.5 

Tab le  6 (cont.) 

h lc l Fo Fc 
6 58-3 66"2 
8 6 -- 0"9 

10 22"8 --20-6 
8 0 0 43"7 --46"4 

2 46"3 -- 36"6 
4 15"2 15"9 
6 28"5 "28-1 
8 6 -- 7"0 

9 0 0 27"9 23"9 
2 48"8 --48.7 
4 15"2 -- 19"4 
6 36"1 28"0 
8 6"3 4-5 

10,0,0 12"6 7"6 
2 24.7 --23-9 
4 10"7 -- 8"0 
6 8"8 2"9 

11,0,0 62"8 54"2 
2 6 -- 6"2 
4 16"4 --22"2 
6 4 -- 2"3 

12,0,0 15"2 13"7 
2 6 5"8 
4 4 2"8 

13,0,0 6"3 7"6 
2 22.2 18"8 

14,0,0 4 -- 0"9 
0 2 0 106"0 110"4 

4 29.2 26"5 
6 16"0 15"9 

1 2 0 76"8 70"3 
3 25"6 21"0 
4 60"7 58-9 
6 24"1 31"4 

h]c I Fo .Fc 
2 1 0 59-2 --48"9 

2 56"3 57"2 
3 17"5 --15-3 
4 16"0 10-4 

3 1 0 68-0 68"4 
3 25"6 26"7 

4 1 0 26"3 26"3 
2 45"3 -- 52"0 
3 10"9 --16"0 
4 44"6 -- 34-8 
6 13"1 --14-9 

5 1 0 16"0 14"4 
2 82"6 --91"3 
3 13-1 16"6 
4 45-3 -- 38-4 
6 16"0 --13"9 

6 1 0 10"9 --13"2 
2 76"8 --74-2 
3 10"9 -- 13-6 
4 45"3 -- 33" 1 

7 1 0 13"1 19-8 
2 28"5 --29"0 
3 '16-0 22-6 
4 31-4 -- 30"9 

8 2 0 16"0 --15-0 
3 10"9 --13"8 

9 1 0 16-0 14-1 
2 16.0 14.7 

10,2,0 21.9 20.7 
4 27-7 29.0 

11,2,0 42.4 34.5 
4 10.9 13.5 

12,2,0 26.3 25.7 
13,2,0 13.1 18-2 

supe r imposed ,  t h e  p ro jec t ions  of t h e  two  molecules  
(omi t t i ng  chlor ine)  are  c o n g r u e n t  w i t h i n  expe r imen-  
t a l  error .  

The  f ina l  y p a r a m e t e r s  for  c a rbon  a n d  o x y g e n  a t o m s  
g i v e n  in Set  C are  acco rd ing ly  those  f rom t h e  un-  
s u b s t i t u t e d  ac id  a l r e a d y  l i s ted  u n d e r  Set  A.  The  least-  
squares  va lues  for  c a rbon  a n d  o x y g e n  are  l i s ted  in  
Se t  B for  compar i son ,  b u t  t h e y  lead  to  a s o m e w h a t  
d i s t o r t e d  benzene  r ing.  

D i s c u s s i o n  o f  t h e  s t r u c t u r e  

The  m o l e c u l a r  s t r u c t u r e  of p -ch lo robenzenese len in ic  
ac id  a n d  t h e  s t r u c t u r e  of t h e  chains  a long  t h e  twofo ld  
screw axes  are  ident ica l ,  w i t h i n  e x p e r i m e n t a l  error ,  to  

the corresponding features of the unsubstituted acid. 
The  p a c k i n g  of t h e  chains  is, however ,  qu i t e  d i f fe ren t  
in t h e  two  acids.  The  s imilar i t ies  a n d  di f ferences  are  
s h o w n  in Fig.  3. W h e n  b o t h  crys ta ls  are  set  up  as 
P21/c (Fig. 3(a) a n d  (c)), t he  s t r uc tu r e s  a p p e a r  qu i te  
d i f ferent .  On the  o the r  h a n d ,  if one t akes  a n e w  a axis 
in t he  p-chloro  ac id  such  t h a t  t he  space  g roup  becomes  
P21/n, i t  becomes  e v i d e n t  t h a t  t he  p r inc ipa l  d i f fe rence  
b e t w e e n  t h e  two  s t ruc tu r e s  is t he  i n t e r c h a n g e  of sym-  
m e t r y  cen te rs  w i th  twofo ld  sc rew axes loga ted  be- 
t w e e n  t h e  co lumns  or chains.  The  cons t an t s  for  t h e  

n e w  (P21/n) cells for  t h e  para-subs t i tu ted  acids  a re  
c o m p a r e d  w i th  those  of u n s u b s t i t u t e d  ac id  in  Tab le  4. 
N o t e  t h a t  t h e  space  g roups  are  n o t  n o w  t h e  same,  
a l t h o u g h  t h e  s imilar i t ies  in  t he  cell cons t an t s  s t r o n g l y  
sugges t  i somorph i sm.  

As i n d i c a t e d  earl ier ,  t h e  deta i l s  of t h e  m o l e c u l a r  
s t r u c t u r e  are  n o t  as a c c u r a t e l y  d e t e r m i n e d  in  t h e  
p re sen t  s t u d y  as t h e y  were  in t h e  s t u d y  of benzene-  
seleninic  acid.  The  m o r e  s igni f icant  d i s t ances  in t h e  
p-chloro  ac id  are  s h o w n  in  Tab le  5 t o g e t h e r  w i t h  t h e  
co r r e spond ing  d i s t ances  in  t h e  u n s u b s t i t u t e d  acid.  
B o t h  t h e  Se-C1 a n d  t h e  C4-C1 d i s t ances  obse rved  a re  
sho r t e r  t h a n  t h e  s u m  of t h e  s ing le -bond  radi i .  How-  
ever ,  owing  to  t h e  la rge  s t a n d a r d  dev ia t ions  invo lved ,  
t he  d i f ference  is of d o u b t f u l  s ignif icance.  The  obse rved  
Se-C1 d i s t ance  (across t h e  r ing) of 6.42 A c o m p a r e s  

favorably with the two crystallographically different 
Se--C1 d i s t ances  in p , p ' - d i c h l o r o d i p h e n y l  d ise lenide  of 
6.41 a n d  6-39 J~ (Kruse ,  Marsh  & McCul lough,  1953 
a n d  u n p u b l i s h e d  resul ts . )  The  obse rved  Se-C1 d i s t ance ,  
a l t h o u g h  shor t e r  t h a n  t h e  ca l cu l a t ed  va lue  of 6-48 /k 
based  on the  a s s u m p t i o n  of a n o r m a l  benzene  r ing  a n d  
single cova len t  bonds  to  t h e  r ing,  is still long e n o u g h  
to  suggest  t h a t  t h e  shor t  obse rved  Se-C 1 a n d  Ca-C1 
d i s t ances  are  n o t  s ignif icant .  I f  t h e  l a t t e r  obse rved  
d i s t ances  are  a d d e d  to  2 .78/~,  t h e  n o r m a l  C--C d i s t ance  
across a benzene  r ing,  t h e  resu l t  is on ly  6.32 J~. T h e  
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observed Se-C1 distance of 6.42 /~, with its s t andard  
deviat ion of 0.04 A, is p robably  significantly greater  
t han  6.32 J~ and less t h a n  6.48 A. The conclusion 
drawn,  then,  is t h a t  the Se-C1 and C4-C1 distances in 
p-chlorobenzeneseleninic acid are shorter  t h a n  normal  
single covalent  bonds, bu t  not  as short  as the values 
listed in Table 5. 

Comparison of the observed F values for the hO1 
and h/c0 reflections with the  calculated F values based 
on the  atomic paramete rs  in Set C of Table 2 is given 
in Table 6. 
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S t r u c t u r e  d e  G e U O a .  Par  A. Du~nr, Laboratoire d'J~lectrostatique et de Physique du Mdtal, Institut Fourier, 
Grenoble, France 

(Refu le 10 fdvrier 1956) 

Pr~par8 par  chauffage & 1050 ° C. ~ l 'abri de Fair d 'un 
m61ange ~quimoldculaire de Gee2 et de UO 2 le germanate 
d'uranium, GeUO4, s 'apparente ~ la s~rie des germanates 
GeMO 4 (M ---- Zr, Ce, Th) pr~c~demment d~crite (Ber- 
tau t  & Durif, 1954). 

Le diagramme Debye-Scherrer du produit obtenu cor- 
respond ~ une maille quadratique du type scheelite: 

a ---- 5.084, c ---- 11.226 A; Z = 4; 
U ---- 290 A a; Dx ---- 8.49; I41/a-C~h, 

area  • 
+(0, 0, 0; ½, ½, ½) 

4Ge  en 4(a): 0 , 0 , 0 ;  0,½, k; 
4 U  en 4(b): 0 ,0 ,½;  0,½,~;  

1 6 0  en 16(f): x , y , z ;  x , y , z ;  
~, x, ~; y, x, z; 
x, ½+y, k-z; 7, ½-y, k-z; 
y, 1 - -x  k + z ;  y , l - x  ¼+z 

2 ' 2 ' " 

Les param~tres de position de l'oxyg~ne sent difficile- 
ment  accessibles ~ la mesure ~ cause de la pr6sence de 

l 'atome lourd d 'uranium. Des considerations st~riques 
permettent  de les estimer tr~s voisins des valeurs: 

x ---- 0.27, y = 0.11, z ------ 0.08, 

qui conduisent aux distances interatomiques suivantes: 

O-Or ---- 2.97 gk, U-O~ ---- 2.31 A, Ge-O ---- 1.74 ~ ,  
O-Oii ---- 2.76 A, U - O I I  = 2.47 /~; 

ajoutons que les distances g~n~ralement admises sent:  

Ge-O ---- 1.76 /~ et U-O ---- 2.37 /~ (dans UO2). 

Je  remercie M. Bertaut  pour ses conseils bienveillants 
au cours de co travail.  
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