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The crystal and molecular structure of piperidiniump-hydroxybenzoate, [CsH10NHz] + [p-HOC6H4COz]-, 
has been determined from visually estimated Cu K0c data. The crystals are monoclinic, space group 
Cc, Z =  4, with a = 6"06, b = 18.35, c=  10.20 A and t =  93.0 °. The structure was solved by the convolution 
molecule and Fourier methods, and refined by the block-diagonal least-squares method to a final R 
value of 0.069 for 1031 non-zero reflexions. Acid and base moieties are held together by two kinds of 
hydrogen bond (2.69 and 2.80 A,) between piperidinium nitrogen and carboxylate oxygen atoms. An 
additional hydrogen bond (2.63 A) from the hydroxyl group at the para position to one of the oxygen 
atoms of the carboxylate ion connects the acid moieties related by a diagonal glide plane. The carboxyl 
group is twisted from the benzene ring plane by an angle of 16.6 °. The piperidine ring takes the chair 
form. 

Introduction 

Recently,  the crystal  s t ructures  o f  the three i somorph-  
ous 1 : 1 addi t ion  c o m p o u n d s  of  p -b romo- ,  p-chloro-  
a n d  p -methy lbenzo ic  acids with piper idine have  been 
de te rmined  (Kash ino ,  Sumida  & Haisa ,  1972; Kash ino ,  
1973). The crystal  s t ructure  analysis  of  the title com-  
p o u n d  has been unde r t aken  in o rder  to s tudy the effect 
o f  the p -hydroxy l  g roup  on the h y d r o g e n - b o n d  system 
in the crystal .  

Experimental 

The crystals  of  p iper id in ium p - h y d r o x y b e n z o a t e  were 
p repa red  by dissolving equ imola r  quant i t ies  of  p- 
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hydroxybenzo ic  acid m o n o h y d r a t e  and  piper idine in 
e thanol .  

F o u n d :  C 64.50, H 7.82, N 6 .42%.  Calcula ted  for  
C12HI7NO3: C 64"52, H 7.68, N 6.27%. 

The crystals were t r anspa ren t  plates  having  well 
developed {010}. Cell cons tan ts  were ob ta ined  f rom 
oscillation and  Weissenberg  p h o t o g r a p h s  taken  with 
C u K ~  rad ia t ion  (2 - -1 .5418]k) .  F r o m  systemat ic  
absences hkl when h + k odd,  hOl when l odd,  the pos- 
sible space g roup  is Cc or  C2/c. However ,  e lementa ry  
analysis  and  densi ty measu remen t s  showed tha t  there 
were four  molecu la r  units o f  the acid and  base com-  
ponen ts  in a uni t  cell, so tha t  the space g roup  was re- 
stricted to Cc because nei ther  the acid nor  the base 
moiety  had  ] or  2 symmet ry .  

Crysta l  d a t a :  P iper id in ium p -hydroxybenzoa t e ,  
[CsH10NH2]+[p-HOC6H4CO2] - ,  m.p.  134°C, F .W.  

Table  1. Final atomic parameters and e.s.d. 's ( × 10 4) 

The anisotropic temperature factor is defined as exp (-fl~h2-f122k2-f133F-fl~zhk-p~3hl-f123kl). 

x y z P .  P~ P33 Pl~ P,3 /h3 
C(l) - 1652 (8) 1814 (2) 1627 (5) 159 (11) 14 (1) 60 (4) 12 (6) 21 (12) 10 (4) 
C(2) -2082 (9) 2240 (2) 2723 (5) 197 (13) 17 (1) 67 (5) 3 (7) 67 (14) 4 (4) 
C(3) -634  (9) 2790 (3) 3139 (5) 217 (15) 19 (1) 71 (5) 7 (7) 47 (15) -11  (4) 
C(4) 1279 (8) 2918 (2) 2481 (5) 186 (13) 15 (1) 60 (4) - 4  (6) 14 (13) 0 (4) 
C(5) 1696 (8) 2509 (3) 1376 (5) 179 (14) 20 (1) 71 (5) - 12 (7) 65 (14) - 4  (4) 
C(6) 236 (8) 1964 (2) 961 (5) 195 (14) 17 (1) 70 (5) - 1 2  (7) 71 (15) -11  (4) 
C(7) -3116 (8) 1181 (2) 1221 (5) 175 (13) 15 (1) 67 (4) - 7  (6) 18 (13) 13 (4) 
0(8) - 4440 (6) 940 (2) 2014 (4) 231 (10) 24 (1) 92 (4) -,40 (6) 80 (11 ) 16 (4) 
0(9) -2875 (7) 913 (2) 95 (4) 263 (11) 18 (1) 73 (3) - 4 8  (5) 22 (10) 4 (3) 
O(10) 2771 (7) 3443 (2) 2848 (4) 261 (11) 23 (1) 84 (4) - 4 8  (6) 59 (11) -21  (3) 
N(I1) 4454 (7) 181 (2) 4264 (4) 178 (11) 17 (1) 75 (4) 15 (6) 52 (12) 8 (3) 
C(12) 2417 (10) - 2 5 0  (3) 3914 (6) 228 (15) 17 (1) 91 (5) - 2  (7) 33 (15) 3 (4) 
C(13) 526 (9) 246 (3) 3490 (6) 197 (14) 27 (2) 105 (7) - 10 (8) 14 (16) 12 (5) 
C(14) 97 (9) 781 (3) 4592 (6) 164 (14) 27 (2) 118 (7) 26 (8) 67 (17) 20 (6) 
C(15) 2167 (10) 1221 (3) 4948 (7) 240 (16) 20 (1) 130 (7) 32 (8) 48 (19) - 13 (6) 
C(16) 4089 (9) 719 (3) 5338 (6) 208 (15) 26 (2) 89 (6) 22 (8) - 1  (16) - 2 3  (5) 
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223.3.  M o n o c l i n i c ,  a = 6 . 0 6  (1), b = 1 8 . 3 5  ( I ) ,  c =  
10.20 (1) A ,  f l =  93.0 (1) °. Dm= 1"308 g c m  -3  (b7 f lo ta-  
t i on ) ,  Dc = 1.309 g c m  -3 ( fo r  Z = 4 ) .  S p a c e  g r o u p  Cc, 
p = 7 . 8  c m  -x fo r  C u  K e  r a d i a t i o n ,  F ( 0 0 0 ) = 4 8 0 .  

I n t e n s i t i e s  w e r e  c o l l e c t e d  w i t h  C u  K e  r a d i a t i o n  by  
e m p l o y i n g  m u l t i p l e - f i l m  e q u i - i n c l i n a t i o n  W e i s s e n b e r g  
t e c h n i q u e s  fo r  t h e  l aye r s  f r o m  Okl to  4k! a n d  hkO to  
hk4. In  all,  1031 r e f l ex ions  w e r e  o b s e r v e d  o u t  o f  a b o u t  
1280 p o s s i b l e  r e f l e x i o n s  w i t h i n  t h e  C u  Kc~ s p h e r e .  T h e  
i n t e n s i t i e s  w e r e  e s t i m a t e d  v i s u a l l y  a n d  c o r r e c t e d  fo r  
L o r e n t z  a n d  p o l a r i z a t i o n  f a c t o r s  a n d  fo r  t he  s p o t  s h a p e .  
A n  e x t i n c t i o n  c o r r e c t i o n ,  g =  3.0 x 10 -5, was  m a d e  fo r  
t h e  e i g h t  s t r o n g e s t  r e f l ex ions  a c c o r d i n g  to  t h e  f o r m u l a  
Ico~,=Io~/(1-glo~), b u t  no  c o r r e c t i o n s  w e r e  m a d e  fo r  
a b s o r p t i o n .  

Structure determination and refinement 

T h e  o r i e n t a t i o n a l  a n d  t r a n s l a t i o n a l  p a r a m e t e r s  o f  t he  
ac id  m o i e t y  w e r e  d e t e r m i n e d  by  t h e  c o n v o l u t i o n  m o l e -  
cu le  m e t h o d  ( A h m e d ,  1970) w h i c h  w a s  p r o g r a m m e d  by  
T a n a k a  fo r  t h e  N E A C  2200  N 7 0 0  c o m p u t e r .  T h e  p h a s e  
a n g l e s  c a l c u l a t e d  f r o m  t h e  p o s i t i o n a l  p a r a m e t e r s  o f  t h e  
ac id  m o i e t y  w e r e  u t i l i z e d  to  e v a l u a t e  t he  t h r e e - d i m e n -  
s i o n a l  e l e c t r o n - d e n s i t y  d i s t r i b u t i o n ,  w h i c h  r e v e a l e d  t h e  
p i p e r i d i n e  r ing .  T h e  n i t r o g e n  a t o m  was  i d e n t i f i e d  by 
s h o r t  N . . - O  i n t e r m o l e c u l a r  d i s t a n c e s .  T h e  s t r u c t u r e  
was  r e f i n e d  by  b l o c k - d i a g o n a l  l e a s t - s q u a r e s  ca l cu l a -  
t i o n s  ( O k a y a  & A s h i d a ,  1967) w i t h  i s o t r o p i c  t e m p e r a -  
t u r e  f ac to r s .  T h e  p o s i t i o n a l  p a r a m e t e r s  o f  17 h y d r o g e n  
a t o m s  w e r e  c a l c u l a t e d  by a s s u m i n g  an  a p p r o p r i a t e  
g e o m e t r y ,  a n d  w e r e  i n c l u d e d  w i t h  t h e i r  a p p r o p r i a t e  
t e m p e r a t u r e  f ac to r s ,  B =  2.7 A z, as f ixed  p a r a m e t e r s  in 
s u b s e q u e n t  r e f i n e m e n t .  F u r t h e r  l e a s t - s q u a r e s  re f ine-  
m e n t  w i t h  a n i s o t r o p i c  t e m p e r a t u r e  f a c t o r s  fo r  n o n -  
h y d r o g e n  a t o m s  r e d u c e d  t h e  R v a l u e  to  0 .069 fo r  1031 
o b s e r v e d  re f l ex ions .  T h e  shi f ts  in t h e  p o s i t i o n a l  a n d  

T a b l e  2. Observed and calculated structure factors ( x 5) 

U n o b s e r v e d  r e f l e x i o n s  a r e  m a r k e d  w i t h  a n  a s t e r i s k .  

t h e r m a l  p a r a m e t e r s  w e r e  less t h a n  0.20- a n d  0 .80  
r e spec t i ve ly ,  a n d  t h e  r e f i n e m e n t  was  t e r m i n a t e d .  T h e  
w e i g h t i n g  s c h e m e  a d o p t e d  w a s :  

w = 0 . 5  fo r  Fo<Fmi,(=3"7), 

a n d  
w =  1.0 for Fmi n ~ F o =_ F m a x ( :  16.0) 

w:(Fmax/Fo) 2 for Fm.~ < Fo. 

A t  t h e  f inal  s t age  o f  t h e  r e f i n e m e n t ,  t he  d i f f e r e n c e  
s y n t h e s i s  was  f e a t u r e l e s s  w i t h i n  t h e  r a n g e  + 0.4 e ~  - 3 .  

T h e  f inal  a t o m i c  p a r a m e t e r s  a re  l i s ted  in T a b l e  1. T h e  
o b s e r v e d  a n d  c a l c u l a t e d  s t r u c t u r e  f a c t o r s  a re  g i v e n  in  
T a b l e  2. T h e  a t o m i c  s c a t t e r i n g  f a c t o r s  w e r e  t a k e n  f r o m  
International Tables for X-ray Crystallography (1962) .  
T h e  c o m p u t a t i o n s  w e r e  p e r l o r m e d  o n  a N E A C  2 2 0 0 -  
N 7 0 0  c o m p u t e r  a t  t h e  C o m p u t a t i o n  C e n t e r  o f  O s a k a  
U n i v e r s i t y  a n d  o n  a N E A C  2 2 0 0 - 5 0 0  c o m p u t e r  a t  
O k a y a m a  U n i v e r s i t y  C o m p u t e r  C e n t e r .  

Description of the structure and discussion 

T h e  p r o j e c t i o n s  o f  t h e  s t r u c t u r e  a re  p r e s e n t e d  in Fig.  1. 
S o m e  s h o r t  i n t e r m o l e c u l a r  d i s t a n c e s  a n d  c o o r d i n a t i o n  
a n g l e s  a r o u n d  t he  o x y g e n  a t o m s  a re  i n d i c a t e d  in t h e  
f igures .  C o o r d i n a t i o n  a n g l e s  a r o u n d  t he  n i t r o g e n  a t o m  
a re  l i s ted  in T a b l e  3 a n d  i n t e r m o l e c u l a r  d i s t a n c e s  in 
T a b l e  4. A c i d  a n d  b a s e  m o i e t i e s  a re  h e l d  t o g e t h e r  by  
t w o  k i n d s  o f  h y d r o g e n  b o n d  (2.69 a n d  2.80 A.) b e t w e e n  
p i p e r i d i n i u m  n i t r o g e n  a n d  c a r b o x y l a t e  o x y g e n  a t o m s .  
A n  a d d i t i o n a l  h y d r o g e n  b o n d  ( 2 . 6 3 A ) f r o m  t h e  
h y d r o x y l  g r o u p  in t h e  para p o s i t i o n  to  o n e  o f  t he  oxy -  
gen  a t o m s  o f  t he  c a r b o x y l a t e  i o n  c o n n e c t s  t h e  ac id  
m o i e t i e s  r e l a t e d  by a d i a g o n a l  g l i de  p l a n e ,  t h u s  f o r m i n g  
a t h r e e - d i m e n s i o n a l  h y d r o g e n - b o n d  n e t w o r k .  T h e  
s t r u c t u r e  sat isf ies  t he  p r i n c i p l e  o f  m a x i m u m  h y d r o g e n  
b o n d i n g  a n d  c o n s i s t s  o f  a c l o s e - p a c k e d  a r r a y  o f  t h e  
m o i e t i e s .  T h e  n i t r o g e n  a t o m  is a p p r o x i m a t e l y  t e t r a -  
h e d r a l l y  s u r r o u n d e d  by  t he  a t o m s  C(12) ,  C(16) ,  0 ( 8 )  
a n d  O(9) ,  as f o u n d  p r e v i o u s l y  in r e l a t e d  c o m p o u n d s  
( K a s h i n o ,  S u m i d a  & H a i s a ,  1972;  K a s h i n o ,  S a s a k i  & 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ha i s a ,  1973;  K a s h i n o ,  1973). H o w e v e r ,  in t he  p r e s e n t  
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ii'!i'~ !!J'. :! !iii !! ii ~ il !i]! !} .f-~!.~ :~i'ii'i! !:5 'i ~i ,~ i! ~ i! '~i ',[ ~ !~ i! ii i.!i.]i !:5! "i ~i '.! '~1 ,i ;i ii t e t r a h e d r a l  C - N .  • • O ang le s ,  108.8 a n d  107.4 °, is 
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w i t h  C - N .  • • O a n g l e s  o f  99.0  a n d  111.8 °. T h i s  l e n g t h e n -  
i ng  m a y  be  c a u s e d  by  t h e  i n t e r m o l e c u l a r  c o n t a c t s  
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1973). T h e  C ( 1 ) - C ( 7 )  a n d  C ( 4 ) - O ( 1 0 )  b o n d s  b e n d  to  t h e  
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', ' ~ , ~  ~41 '-"~:.. ~ j m  ! 

o 0 ©  
c N 0 

(a) 

o~"" .,*1 ,% ~.,,.....',~-~. ,i. r o 

(b) 

Fig. 1. The crystal s t ructure  of  piper idinium p-hydroxybenzoa te :  (a) viewed along [100], (b) viewed along [001]. Broken lines show 
hydrogen  bonds,  and dot ted  lines in termolecular  contacts.  Key to molecules:  

i x y z ii l + x  y z iii - ½ + x  ½ - y  - ½ + z  
iv ~-+x ½ - y  ½ + z  v ½ + x  ½ + y  z vi - ½ + x  ½ + y  z 
vii - l + x  - y  --21+z. 

A C 29B - 5 
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hydroxybenzo ic  acid m o n o h y d r a t e .  In the p iper id in ium 
ion, a toms  C(12), C(13), C(15) and  C(16) fo rm a p lane  
within 0.009 ~ ,  whereas  in ( + ) - e - p r o m e d o l  a lcohol  
( A h m e d  & De C a m p ,  1972) and  (+ ) - f l - p romedo l  
a lcohol  (De C a m p  & A h m e d ,  1972), which have a 
piperidine r ing with large subst i tuents ,  the cor respond-  
ing values a m o u n t  to 0.03-0-05 A. The a t o m  N(I1)  
deviates f rom the p lane  by 0.661 A, the a t o m  C(14) 
by - 0 . 6 8 9  A, and  the piperidine ring takes the chair  
form.  

Table  3. Coordination angles (°) around the nitrogen 
atom 

Atomic numbering and the symmetry code are given in Fig. 1. 
0(8 v) -N(I 1 ~)-C(12 ~t) 107.4 (3) 
0(8 ~) -N(11 ~i)-C(16 ~) 108-8 (3) 
O(9~)-N(I 1 vt)-C(12 ~) 99.0 (3) 
O(9~)-N(I 1~i)-C(16 ~) 111.8 (3) 
0(8 v) -N(11"t)-O(9 ~') 117.7 (2) 

Table  4. Intermolecular distances (A) 

Atomic numbering and the symmetry code are given in Fig. 1. 

(a) Hydrogen bonds 
N(11~) • • • 0 ( 8  ii) 2"796 (6) 
O(91) ' '  "N(1 l viI) 2.688 (6) 
O(9~) • "" O(10 m) 2.626 (6) 

(b) Other intermolecular distances 
C(I l) • "C(13 l) 3.657 (8) 
C(1 ~) "C(14 t) 3.678 (8) 
C(7 ~) "C(13 ~) 3.555 (8) 
C(2 ~) "C(14 ~) 3.505 (8) 
C(4 i) "C(16 m) 3"534 (8) 
0(9 l) "C(12 v") 3"273 (7) 
C(7 l) "N(ll  vH) 3"478 (7) 

The bond  lengths and angles are listed in Table  6. 
No  significant differences are observed between the 
C(7) -O(8)  and C(7) -O(9)  bond lengths,  in accordance  

Table  6. Bond lengths (~) and angles (°) 

The e.s.d.'s are given in parentheses. 

C(1)--C(2) 1.399 (7) 
C(2)--C(3) 1.388 (7) 
C(3)--C(4) 1.390 (7) 
C(4)--C(5) 1.387 (7) 
C(5)--C(6) 1.388 (7) 
C(6)--C(1) 1-389 (7) 
C(1)--C(7) 1.506 (7) 
C(7)--O(8) 1.250 (6) 
C(7)--O(9) 1.266 (6) 
C(4)--O(10) 1-360 (6) 
N(11)-C(12) 1.494 (7) 
N(I 1)-C(16) 1-501 (7) 
C(12)-C(13) 1.509 (8) 
C(I 3)-C(14) 1.525 (9) 
C(14)-C(15) 1"519 (9) 
C(15)-C(16) 1.521 (9) 
C(1)--C(2)--C(3) 120-6 (5) 
C(2)--C(3)--C(4) 120.3 (5) 
C(3)--C(4)--C(5) 119.5 (5) 
C(4)--C(5)--C(6) 119.8 (5) 
C(5)--C(6)--C(1) 121-4 (5) 
C(6)--C(1)--C(2) 118.2 (5) 
C(3)--C(4)--O(10) 123"1 (5) 
C(5)--C(4)--O(10) 117"4 (5) 
C(2)--C(1)--C(7) 121.3 (4) 
C(6)--C(1)--C(7) 120.4 (4) 
C(1)--C(7)--O(8) 118.9 (4) 
C(1)--C(7)--O(9) 117.0 (4) 
O(8)--C(7)--O(9) 124.0 (5) 
N(l 1)-C(12)-C(13) 110.7 (5) 
C(12)-C(13)-C(14) 109.5 (5) 
C(13)-C(14)-C(15) 110-3 (5) 
C(14)-C(15)-C(16) 110.6 (5) 
C(15)-C(16)-N(11) 110.3 (5) 
C(16)-N(l l)-C(12) 111.8 (4) 

Table  5. Least-squares planes 

Each plane is represented by lX+mY+nZ=p, where X=ax+cz cos fl, Y=by and Z=cz sin fl, in A. 

(1) Best plane through 
the benzene ring 

(2) Best plane through 
C(1), C(7), O(8), 0(9) 

l 0.4759 l 
m -0.6568 m 
n 0.5849 n 
p - 1.7448 p 

Deviation (A) 
c(1) o.olo c( l )  
C(2) -0-002 C(7) 
C(3) -0.009 O(8) 
C(4) 0.013 0(9) 
C(5) - 0.005 
C(6) -0-006 

Distance from the 
above plane (/~) 

C(7) 0.119 
0(8) 0.480 
0(9) -0.131 
O(10) 0.020 

0.6776 
-0.6296 

0.3801 
- 2.2061 

Deviation (A) 
0.003 

-0.010 
0.004 
0.004 

(3) Best plane through 
C(12), C(13), C(15), C(16) 

l 0.5524 
m 0.3395 
n -0"7613 
p -2.4887 

Deviation (A) 
C(12) -0.009 
C(13) 0-009 
C(15) -0-009 
C(16) 0-009 

Distance from the 
above plane (A) 

N(l l )  0"661 
C(14) -0"689 
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with the fact that the carboxyl group is ionized. No 
C-C bond lengths in the benzene ring deviate signifi- 
cantly from the mean value of 1.390 A. The bond 
length of C(4)-O(10), 1.360 A, accords with the cor- 
responding one in p-hydroxybenzoic acid monohydrate. 
The angle O(10)-C(4)-C(5), 117.4 °, is smaller than that 
of O(10)-C(4)-C(3), 123.3 °, as observed in the mono- 
hydrate. The mean values of the C-C and C-N bond 
lengths in the piperidine ring are 1.519 and 1.498 A, 
respectively. These values are in accordance with 1.505 
and 1.497 A in piperidine hydrochloride (R6rat, 1960), 
and 1.522 and 1.499 A in 2,2,6,6-tetramethyl-4-piperi- 
dinol-l-oxyl (Berliner, 1970), respectively. The bond 
angles in the piperidine ring are slightly larger than the 
regular tetrahedral angle. 

The authors thank Mr Isao Tanaka and Dr Tamaichi 
Ashida of the Institute for Protein Research of Osaka 
University for permission to use their computer 
programs. 
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SrsSb3 crystallizes as a MnsSia-type structure, space group P63/mcm, with two formula units in a cell of 
dimensions a = 9.496 _+ 0.005, c = 7.422 __ 0.005/~. The calculated density is 4.602 g cm-3. The structure 
of SrsSb3 has been determined by three-dimensional Patterson synthesis. The positional and isotropic 
thermal parameters were refined by least-squares analysis, yielding a final R value of 0.056. There is one 
unusually short distance Sr-Sr in chains parallel to the c axis. 

Introduction 

The binary system Sr-Sb was treated by Shchukarev, 
Morozova & Kan Kho-in (1957a, b) in a preliminary 
study. Metallographic observations of cast alloys, 
thermal analysis and gram-formula volume vs. com- 
position curves indicated the existence of four inter- 
mediate phases corresponding to the compounds 
SrSb3, SrSb, Sr3Sb2 and SrzSb. More recently, Brauer 
& Mfiller (1961) have reported on a compound with 
tetragonal symmetry and formula SrzSb. 

We prepared new samples of Sr-rich alloys in order 
to solve the crystal structure of the last compound. 
Powder X-ray diffraction patterns of those samples 
demonstrated the existence of two compounds in the 
alloys. One of them, in agreement with Brauer & 
Mfiller (1961), belongs to the tetragonal system. The 
other compound of the mixture is not tetragonal; the 
present paper reports on its crystal structure. From 
this study the formula SrsSb3 was deduced for this com- 
pound. 

Experimental 

Single crystals of SrsSb3 were prepared by cooling a 
melt of stoichiometry 4Sr + 1Sb from 1430 °C to room 
temperature in argon atmosphere with subsequent 
leaching of the alloy with anhydrous ammonia. Under 
these conditions the excess of Sr is removed and sep- 
arated black crystals of SrsSb3 with nearly prismatic 
shape were obtained. They are hard and extremely sen- 
sitive to air. Thus they had to be kept under argon. 
The elements used for synthesis had stated purities of 
99 % (Sr) and 99.99 % (Sb). 

The symmetry, space group and approximate lattice 
parameters were determined from Weissenberg photo- 
graphs taken with Cu K~ radiation. SrsSb3 was found 
to be hexagonal with two formula units in the cell. The 
systematic absences correspond to three space groups, 
P63cm, P-6c2 and P63/mcm. No piezoelectric proper- 
ties were found, and the results of the E-value distribu- 
tion did not conclusively differentiate between centro- 
symmetric and non-centrosymmetric structures. Anal- 
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