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T r i a m i n o g u a n i d i n i u m  ch lo r ide  c rys ta l l izes  in t h e  h e x a g o n a l  s y s t e m .  Un i t - ce l l  d i m e n s i o n s  are  
a = 7-528, c -- 6.253 A, a n d  t h e  space  g r o u p  is P6a/m. T h e  c rys t a l  s t r u c t u r e  was  so lved  b y  s t an -  
d a r d  m e t h o d s  a n d  r e f ined  b y  leas t  squares .  T h e  t r i a m i n o g u a n i d i n i u m  ion is p l a n a r  e x c e p t  for  t h e  
pos i t i ons  of t h e  h y d r o g e n  a t o m s ,  a n d  C - N  a n d  N - N  d i s t ance s  are  1-318 a n d  1.450 /~ r e spec t i ve ly .  
T h e  ion possesses  t h r e e f o l d  s y m m e t r y .  A n  N - H  • • • C1 h y d r o g e n  b o n d  d i s t a n c e  of  3.189 A is f o u n d  
f r o m  n i t r o g e n  a t o m s  a t t a c h e d  to  t h e  cen t r a l  c a r b o n  a t o m  to  t h e  ch lo r ine  ion w i t h  t h e  s a m e  z co- 
o r d i n a t e ;  a l aye r  s t r u c t u r e  para l l e l  to  t h e  (001) p l a n e  is t h u s  f o r m e d .  T h e  n a t u r e  of t h e  t r i a m i n o -  
g u a n i d i n i u m  ion  is d i scussed .  

I n t r o d u c t i o n  

Although guanidine is one of the more important  
organic bases, accurate interatomic distances have not 
been determined for the unsubsti tuted or symmetri- 
cally-substituted guanidinium ion. The discovery of 
ferroelectricity at  room temperature in guanidinium 
aluminum sulfate hexahydrate  and isomorphs by 
H o l d e n ,  M a t t h i a s ,  Merz  & R e m e i k a  (1956) l e d  u s  t o  
d e t e r m i n e  t h e  s t r u c t u r e  of  t h e  c h r o m i u m  s a l t  of  t h i s  
se r ies  ( P e p i n s k y ,  J o n a ,  S h i r a n e  & O k a y a ,  1956),  a n d  
t o  c o m p a r e  i t  w i t h  t h e  s t r u c t u r e  of  t h e  f e r r o e l e c t r i c  
o r g a n i c  a m i n e  a l u m s .  T h e  p r e s e n t  s t u d y  c o n c e r n s  t h e  
s t r u c t u r e  of  t h e  t r i a m i n o g u a n i d i n i u m  i o n  in  i t s  
c h l o r i d e  s a l t :  

* Research suppor ted  by Grant  A-229(C3) from the Na- 
tional Ins t i tu tes  of Heal th ,  and computa t ions  by Contract  
N6onr-269 l 6 from the Office of Naval  Research. A prel iminary 
account  has been presented of this analysis (Okaya & Pepin- 
sky, 1956). Material was kindly furnished by Dr Grace Peters  
of the  Research Division of th6 American Cyanamid Com- 
pany,  Stamford Laboratories.  
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C r y s t a l  d a t a  

Triaminoguanidinium chloride crystallizes in the hex- 
agonal system with 

a = 7 . 5 2 8 ,  c = 6 . 2 5 3 A .  

The observed density is 1.550 g.cm. -3 at  room tem- 
perature;  the number of chemical units in the unit cell 
is t w o .  P e r f e c t  c l e a v a g e  w a s  o b s e r v e d  p a r a l l e l  t o  t h e  
p l a n e  (001).  T h e  L a u e  s y m m e t r y  is C6h; t h e  o n l y  
o b s e r v e d  s y s t e m a t i c  a b s e n c e s  a r e  (00/) f o r  1 o d d ,  
w h i c h  is c o n s i s t e n t  w i t h  s p a c e  g r o u p  P63 o r  P63/m. 

Table 1. Triaminoguanidinium chloride; observed and calculated structure factors 
(001) projection 

h k i ]Fo] Fc ],41 
0 0 0 - -  148.00 - -  
1 0 1 21.50 22.38 0.88 
2 0 2 26.90 --24.78 2.12 
3 0 3 10-48 10.00 0.48 
4 0 4 11.10 --9.20 1.90 
5 0 5 11-38 10.36 1.02 
6 0 6 19.70 21-62 1.92 
7 0 7 2.54 --2.44 0.10 
8 0 8 2-76 --2.58 0"18 

1 1 2 28.50 28-94 0.44 
1 2 3 3.46 0.56 2.90 
1 3 4 6.42 -- 6.02 0.40 
1 4 5 12.08 11.68 0.40 
1 5 6 1"40 --2"02 0"62 
1 6 7 3"70 --4"14 0"44 
l 7 8 8.00 8.32 0-32 

h k i IFol Fc IAI 
2 1 3 10.96 --8.58 2.38 
2 2 4 29.72 29.12 0.60 
2 3 ~ 12.08 - 10.82 1.26 
2 4 6 7.20 --7.36 0.16 
2 5 7 8.10 8.88 0.78 
2 6 8 5.42 -- 5.44 0.02 
2 7 9 1.14 --1.56 0.42 

3 1 4 11.64 -- 11.22 0.42 
3 2 5 8.62 --9.38 0.76 
3 3 6 10.02 10.66 0.64 
3 4 7 0.00 1.02 1.02 
3 5 8 3.22 --3"30 0"08 
3 6 § 4.48 4"32 0.16 

4 1 5 27.48 22.40 5.08 

h k i JFol ~c IAl 
4 2 6 2.22 --2.38 0.16 
4 3 7 3.28 --2.74 0-54 
4 4 8 8.40 8-64 0-24 
4 5 9 3.84 --3.74 0-10 

5 1 6 ] 1.34 11-78 0.44 
5 2 7  11-92 11.82 0.10 
5 3 8 4.48 --4.98 0.50 
5 4 9 4.86 --5"06 0"20 

6 1 7 0-78 1.58 0"80 
6 2 8 2"76 -- 1.94 0.82 
6 3 § 7.38 7.30 0.08 

7 1 8 6-14 6.30 0.16 
7 2 9 0"00 --0-10 0-10 

Z, IFo I ---- 377.40 ~'tzJ[ = 32.14 R ---- 0-085 
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If  the sl)ace group is P6a/m , the t r iaminoguanidinium 
ion i)ossesses threefold symmet ry  and is p lanar  except 
f(~r the six hydrogen atoms a t tached  to N( I I )  (amine) 
atoms;  and these six hydrogens should be arranged 
in pairs mirrored across the plane of the ion. Moreover, 
the plane of the t r iaminoguanidinium ion should have 
the same z coordinate as the chlorine ion. Ex t remely  
strong and normally decreasing (0,0,2n) reflections, 
an(l the close similarity in the distribution of inten- 

(a) 

--------~ b 

------------~ b 

----------------~ b 
l"i~. I. (,) Triaminoguanidinium chloride: l)rojeetion of Pat- 

terson function on (001). Origin at corner. (b) Triamino- 
~:uanidinium chloride: projection of electron density on 
(o~ll). 3[oleeule with full lines lies at, z = ¼; molecule with 
])rol,:en lines lies at z = ]. Origin at center. (c) Triamino- 
gtmnitlinium ehlori(h~ : 

"f it, ff(a', y, z)[ I +sin 2:-tlz]dz. 

Atoms at z--- ] al)l)ear. Origin at center. 

sities on c-axis Weissenberg photographs of the zeroth, 
second and fourth layers, plus similar relations be- 
tween reflections in the first and third layers, led to the 
choice of P6a/m. This choice was confirmed by the 
analysis. 

Structure determinat ion 

The number  of chemical units in the cell is two. 
General positions in P6.~/m are twelvefold. Thus all 
the atoms in this s t ructure  are in special positions. 
Inspection of the Pa t te r son  function projected on 
(001), as shown in Fig. l (a) ,  and trial  calculations of 
s t ructure  factors, led to the following set of coor- 
dinates (International Tables, 1952, p. 283): 

2 C in (a) 6, 

2C1 in (d) 6, 

6 N(I )  in (h) m, 

6 N( I I )  in (h) m, 

(0, 0, t ;  0, 0, ]); 
(~,2 ~,~, ~,~ ~,¼); 
(xl, Y~, t ;  etc.); 
(x~, y~, ~; etc.); 

and similarly for hydrogen atoms. 
The four parameters  xx, x2, Yl and Y2 were refined 

first by using repeated s t ructure-factor  and electron- 
density calculations for (hkO) reflections. The final 
electron-density projection on (001) is shown in 
Fig. 1 (b). At this stage the generalized electron density 
projection 

oQ(X, y, z)[1 +sin  2~lz].dz 

was calculated using (McO) and (hkl), in order to 
show one t r iaminoguanidinium ion a t  z = t .  This 
generalized projection is shown in Fig. l(c). From 
these maps  new parameters  were selected which 
were corrected for series-termination errors in the 
usual manner.  The disagreement factor  R = 
ZilFoI-IF~II--ZIFol at  this stage was 0-12 and 0.13 
for (hkO) and (hkl) respectively. A least-squares re- 
f inements of coordinates was carried out, and indi- 
vidual  tempera ture  factors were established for the 
(001) projection. In  the course of these refinements 

Fig. 2. Triaminoguani(linium chloride: final Fo--Fc synthesis 
(Fc without hydrogens). Positions of carbon and nitrogen 
atoms are shown by crosses. Positive contours only. 
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the  Fo's were corrected for secondary extinction, using 
the formula  

~-~o e ° r r ec t ed  = F o exp (gF~ x LPF) 

(all symbols have usual meanings), with g=5.08  x 10 -5. 
Positions of hydrogen atoms,  obtained from (Fo-F,) 
syntheses,  were included in s t ructure-factor  calcula- 
tions for low sin 0 reflections. The final disagreement  
factor  is 0-085. In  Table 1, observed and calculated 
s t ruc ture  factors are listed. :Fig. 2 is the final Fo-Fc 
(F~ without  hydrogens) synthesis,  with the other  
a toms marked  for reference. In  Table 2, the  atomic 

Table 2. Triaminoguanidinium chloride" atomic coor- 
dinates and individual temperature factors (after least- 

square refinements) 
Atom x y z Bil (cm. 2) 

C1 § } ¼ 2-26 X 10 -16 
C 0 0 ¼ 2.49 
N i 0"1845 0-0205 ¼ 2.38 
lg~ 0"206 s --0"1603 ¼ 2.38 

B, = temperature factors in (001) plane. 

coordinates and the individual t empera tu re  factors B,I 
in the (001) plane are listed. As the  accuracy of 
coordinates of hydrogen atoms is low, these are not 
included in Table 2. Their approx imate  positions can 
be obtained from :Fig. 2. 

As is usual  in crystals with p lanar  molecules or ions 
forming layer  s tructures,  marked  anisotropy was ob- 
served in the thermal  motions of the a toms in this 
crystal ;  the  t empera tu re  factor  perpendicular  to the 
plane (001), B±, is much greater  than  B..  As the 
intensities of (hO1) reflections were slightly less reliable 
t han  those of (hkO) owing to the cleavage in the 
crystal ,  no a t t e m p t  was made  to obtain B± for in- 
dividual  atoms. An average B l was assigned as 
3.91 x 10 -16 cm.% from an Fo and Fc comparison for 
(hO1) with disagreement  factor  0.12. This anisot ropy 
in thermal  motion is similar to t ha t  in the crystal  of 

uracil (Parry,  1954), where B x-Bl i  is about  
2.2 x 10 -1~ era. 2. 

Bond distances and angles in t r iaminoguanidinium 
ion are shown in Fig. 3. 

+ 
H2N-~o 

119.8°~,~ H 
120o//~ 1318 

NH 2 

Fig. 3. Triaminoguaniclinium ion: bond distances and angles. 
Ssnnmetry = 6; planar. 

Discuss ion  of the  s t r u c t u r e  

Triaminoguanidinium chloride has a typical  layer 
s tructure.  Hydrogen  bonds are formed from each 
chloride ion to the three nearest  N(I ) ' s  at  tile same 
z coordinates, forming a two-dimensional N - H  • • • C1 
ne twork  along (001). The distances from a chlorine 
ion to any  nitrogen atoms on the  layers lc apa r t  are 
much larger than  normal  hydrogen-bond distances, 
and a cleavage parallel to (001) is therewith accounted 
for. A projection of the s t ructure  i l lustrating this 
feature  is shown in Fig. 4. Coordination of nitrogen 
atoms around a chlorine ion is shown in Fig. ,5. 
N( I I )  makes  no hydrogen bond with a chlorine ion, 

X - ~  ........ . S ' ~  --c-~ ...... . ~ " ' , - ~X  ( ' ~  c,-~< ~ = -~ 

i i \ i -i \ O N a , : z : ~  

" ............ ~ .... r"x k ~  \ ..~--""~-.. ,.~ \ • C atz=¼andz=~ 
...... ~ " " ~  " ..... N - H ' "  C, bonds 

...... . . . .  ..... . ©  ......... . " ©  ....... 

Fig. 4. Triaminoguanidinium chloride: projection of four ceils on (001). 
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and this fact is involved in our discussion, below, of 
the resonance state of the triaminoguanidinium ion. 
The hydrogen bond of the distance 3.189 /~ is normal 

°¼-( 

Fig. 5. Triaminoguanidinium chloride: coordination of 
nitrogen atoms around chlorine ion. 

for the N - H - . - C 1  bond [compare 3.14-3.25 /~ in 
cyclohexylamine hydrochloride (Shimada, Okaya & 
Nakamura, 1955); 3.11 and 3.18/~ in adenine chloride 
and 3.20 and 3.38/~ in guanine hydrochloride (Broom- 
head, 1951) ; and more recently 3.165, 3-245 and 3.139 A 
in cycloserine hydrochloride (Turley & Pepinsky, 
1956, 1957)]. 

The triaminoguanidinium ion possesses threefold 

H ~ N ~ H  H 2 N ~ N H  

l! I 
H _ N / C ~ N  / NH 2 H~.~C--...N / NH.. 

] H I H 
NH 2 NH2 

I II  

H 2 N ~ N H  

I 
H N ~ C % ~ N H 2  

I H 
NH2 

I I I  

Fig. 6. Triaminoguanidinium ion: resonance formulae 
(one-third each). 

symmetry, and is planar except for the hydrogen 
atoms on 1N(II). From these results, and from the 
nature of the hydrogen-bond formation in this crystal, 
it is clear that  the triaminoguanidinium ion takes a 
configuration as a result of the resonance among the 
three structures, as shown in Fig. 6, each structure 
having a probability one-third. The C-N distance of 
1.31 s J~ is much shorter than other reported values, 
such as 1.33 and 1.32 A in methylguanidinium nitrate 
(Curtis & Pasternack, 1955) and 1.34 and 1-35 /~ in 
nitroguanidine (Bryden, Burkardt, Hughes & Dono- 
hue, 1956); but a direct comparison might not be 
worthwhile because these values pertain to mono- 
substituted guanidines where the resonance states are 
somewhat different. The N (I)-N (II) distance of 1-450 A 
should be compared with that  of hydrazine and its 
salts; 1-47 /~ as in gaseous hydrazine (Gigu~re & 
Shomaker, 1943); 1.46 ~ in solid hydrazine (Collin & 
Lipscomb, 1951); and 1.45/~ in hydrazinium chloride 
and bromide (Sakurai & Tomiie, 1952). The angle 
C-N(I)-N(II) is 120 ° within the error of experiment, 
and is in accord with the resonance states proposed. 

Errors in the bond distances were assessed using the 
method of Cruickshank (1949). C-N(I) has a standard 
deviation of 0.009 J~, and N(I)-N(II)  of 0.014 J~. 
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