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Very  recent ly  Suther land  & Young (1963) described the  
results of their  de te rmina t ion  of the  crystal  and  molecular  
s t ruc ture  of taur ine,  H2N.  CI-I~.CH~. SO3H. Their  refine- 
m e n t  was carr ied out  by  three-dimensional  least squares, 
and  included the de te rmina t ion  of individual  isotropic 
t empera tu re  factors for the  C, N, O, and  S atoms.  At an 
in te rmedia te  stage, a three-dimensional  difference syn- 
thesis was computed ,  and  it was s ta ted  t ha t  this synthesis  
clearly indica ted  the  positions of the  hydrogen  a toms:  
the  four a t t ached  to the  carbon a toms were very  close 
to the calculated positions; two more were a t t ached  to 
the  ni t rogen a tom,  and  the  seventh  to an oxygen a tom.  
After  the  inclusion of the  hydrogen  atoms,  apparen t ly  
a t  the  positions of the  peaks in the  difference map,  the  
least-squares ref inement  was cont inued,  wi thout ,  however,  
allowing the hydrogen  paramete rs  to vary.  In  tim sub- 
sequent  discussion of the  results, only two hydrogen  
bonds were ment ioned,  namely ,  N - H  • • • 0(2), of length 
2"78 A and  N - H  • • • 0(4), of length 2-89 A, wi th  C - N . . .  O 
angles of 100 ° and  111 ° respectively.  

I wish to point  out  t ha t  there  is an  a l te rna te  interpreta-  
tion to this s t ructure .  Al though Suther land  & Young  
s ta ted  t ha t  ' there  was, however,  no evidence in the three-  
dimensional  difference Four ier  synthesis  for the  existence 
of the "zwi t te r ion"  configurat ion ' ,  the  zwit ter ion struc- 
tu re  is, in fact, a lmost  cer ta inly  the  correct one for this 
high-melt ing (328 °C), alcohol-insoluble substance.  I t  m a y  
be recalled tha t  the  zwit ter ion s t ruc ture  has been found 
for every amino acid ye t  s tudied,  and  t ha t  the  sulfonic 
acid group is a m u c h  stronger acid t han  is the  carboxyl  
group.  Also, it is well known tha t  difference maps  prepared 
by the use of da ta  in which the  positions of the heavy  
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Fig. 1. Stereogram of the environment of the -NH3+ group, 
viewed down the N-C bond. Small black circles denote 
positions for hydrogen atoms in a regular tetrahedral -NI-Ia+ 
group. Crosses denote positions for the hydrogen atoms given 
by Sutherland & Young. All of these, and the three oxygen 
positions denoted by large black circles, project in the upper 
hemisphere; 0(3) projects in the lower hemisphere. 

a toms were incomplete ly  refined, and  for which only 
isotropic the rma l  mot ions  were allowed, often show 
spurious peaks, or peaks which are far from the  positions 
expected  for hydrogen  atoms.  In  the  present  case it is 
therefore reasonable to discount  the  evidence provided 
by the  difference synthesis,  and  to examine the  s t ruc ture  
solely on the  basis of the  heavy  a tom positions. 

The close neighbors of the ni t rogen a tom were presented 
in Fig. 4 of Suther land  & Young.  Examina t ion  of the  
geomet ry  of these shows t ha t  an N . .  0(3) dis tance 
(of 3.03 A), toge ther  wi th  the  two N .'- v distances 
men t ioned  above,  comprise an ent i re ly  sat isfactory 
sys tem expected for an - N H  + group forming three  hydro-  
gen bonds. This s i tuat ion is clearly shown in Fig. 1, which 
is a stereographic project ion of the  surroundings of the  
ni t rogen a tom,  as viewed down the N-C bond. The re levant  
angles are presented  in Table 1. Bo th  the  distances and  
the  angles are in the  range of those found in amino acids 
and  re la ted compounds,  as repor ted  in the  reviews by  
Donohue  (1952) and  Ful ler  (1959). The oxygen a tom 
(0(3)), s i tua ted  a t  2.97 ~ from the  n i t rogen a tom,  is 
seen to be unfavorab ly  located for N - H  • • • O interact ion.  
An N . . .  O distance of 3.0/~ is not  unexpec ted  for a 
simple van  der Waals  contact .  

Table 1. Angles related to N H  • • • O hydrogen bonds 

C - N . . . O ( 2 )  100 ° 0(2) . . . N . . . O ( 4 ' )  127 ° 
C - N . . - O ( 4 ' )  111 O(2) - . - N . - - O ( 4 " )  88 
C-N- . .  0(4") 97 O(4') . .  • N .  • • 0(4") 127 

C, N at (x, y, z); 0(2) at ( l - x , - - ½ + y ,  ½-z); O(4") at 
( l--x,  ~, ~); O(4") at (~, ~, ~). 

Addi t ional  evidence t ha t  the  hydrogen  a tom under  
discussion is not  par t  of the  sulfonic acid group is found 
in the  v i r tual  equal i ty  repor ted  for the  three  S-O dis- 
tances :  these are S-O(2) = 1-479 +0.008,  S-O(3) = 
1.453+0.008,  and  S-O(4)=1.463_+0-009A.  If  one of 
these oxygen a toms were covalent ly  bonded  to a hydrogen  
a tom,  the  corresponding S-O dis tance would be expected  
to be about  0.1 A longer t han  the  other  two;  however ,  
the coordinates  given by Su ther land  & Young  for the  
hydrogen  a toms lead to an O(3)-H bond - -  bu t  the  
S-O(3) bond  is the shortest  of the  three.  Fu r the rmore ,  
these coordinates  correspond to an O(3)-H bond  dis tance 
og 0.79/~ and  an S-O(3)-I-I bond angle of 76 °, ne i ther  of 
which values is close to those expected.  

All of the  above evidence indicates t ha t  in the  crystal  
taur ine  has the zwit ter ion s t ructure ,  H3N+-CH 2-CHe-S O~-, 
and  t ha t  the  hydrogen  bonding scheme fits sat isfactori ly 
into the  well establ ished propert ies  of such bonds. 

This work  was suppor ted  by a gran t  from the  U.S. 
Atomic  Ene rgy  Commission. 

R e f e r e n c e s  

Do~OHUE, J .  (1952). J. Phys. Chem. 56, 502. 
FULLER, W. (1959). J. Phys. Chem. 63, 1705. 
SUTHERLAND, H. H. & YOUNG, D. W. (1963). Acta Cryst. 

16, 897. 


