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Recen t ly  a gauche form of the  t e t ramethy lened iam-  
m o n i u m  (TDA) ion in a crystal  was repor ted by the 
present  authors  (Hirokawa & Ashida, 1961 and  1962). 
E thy lened iamine  (EDA) has been repor ted as being a 
gauche form (Nakahara,  Saito & Kuroya ,  1952; Scouloudi, 
1953). On the other  hand,  the crystal lographic da ta  of 
E D A  adipate  (Hirokawa,  0hash i  & Nit ta ,  1954) suggest 
t ha t  E D A  is p lanar  (trans). Then, a p lanar  (trans) form 
of the TDA ion would be also possible in crystals, being 
similar to the configurat ion of the hexamethylenedi -  
a m m o n i u m  ion (Binnie & Robertson,  1949; Hi rokawa  
et al., 1954). Thus both  E D A  and  TDA will be able to 
have  ei ther  a gauche or a trans form in crystals. E thylene-  
d i ammon ium chloride (EDA.HC1) and  te t ramethylene-  
d i ammon ium chloride (TDA.HC1) were chosen to be 
s tudied in order to elucidate this aspect  of the problem. 

Crystallographic da ta  of E D A . H C 1  (CpII4(NIIa)pC19) 
and TDA.HC1 (C4Hs(NHa)pCI~) are:  

E D A .  HCI:  
a - -  9.95, b--6.89, c = 4 . 4 2  A; f l=90  ° 40' 

TDA.  HC1: 
a=10 .73 ,  b=8.35 ,  c = 4 . 6 0 . ~ ;  f l=92° 30 ' 

and  the space group is P21/a for bo th  crystals.  (The 
da ta  for E D A . H C 1  coincide wi th  those given by Groth, 
1910.) There are two organic ions in a un i t  cell of each 
crystal ;  hence the  d i a m m o n i u m  ions are centrosym- 
metrical .  These crystal lographic da ta  suggest t ha t  the 
s t ructures  of both  crystals are similar to each other  bu t  
fairly different from tha t  of hexame thy l ened i ammon ium 
chloride (Binnie & Robertson,  1949). 

In tens i ty  da ta  for both  (h/c0) and  (hO1) were used for 
the s t ruc ture  de te rmina t ion  of both  crystals.  At  this 
stage, the error indices for the four zones are from 
0.066 to 0-082; in each case, contr ibut ions  of hydrogen  
a toms to the F-va lues  were no t  negligible, and  they  were 
included in the calculations of the s t ruc ture  factors. 

The crystal  s t ruc ture  of EDA.HC1  projec ted  on the  
(001) plane is shown in Fig. l(a), and TDA.HC1 on (010) 
in Fig. l(b). The s imilar i ty  of the s t ructures  of both  
crystals is interest ing if the  difference in size of these 
organic ions is considered. The modes  of packing of the 
ions in the crystals are said to be identical.  This s i tuat ion 
is shown in Figs. l(a) and  l(b). Four  carbon a toms 
of the TDA ion have  almost  the same x and y coordinates 
(in A units) as those of the C's and N's  of EDA.HC1.  
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Fig. 1. (a) The crystal structure of EDA.HC1 projected onto the (001) plane. (b) The structure of TDA.I-IC1 on (010); in part 
of the electron-density function, contours are drawn at arbitrary equal intervals except at the C1 ions, where the interval 
is three times that for the lighter atoms. Large double, medium, and small circles represent C1, C and N respectively. Broken 
lines represent hydrogen bonds. Shaded circles--see text. 



842 S H O R T  C O M M U N I C A T I O N S  

Thus if two atoms shaded near  the organic ion at  the  
center  of Fig. l(a) are added and if the broken lines 
which show hydrogen bonds are drawn from these 
newly added  atoms, the figure will show approximately  
the structure of TDA. HC1 projected onto the (001) plane. 
And  in Fig. l(b), if the TDA ions are replaced by EDA 
ions in the manner  shown by a shaded molecule at  one 
site, tha t  will correspond approximately  to the structure 
of EDA.HC1 projected onto the (010) plane. Each 
ni t rogen a tom in both  crystals is l inked to three C1- ions 
by hydrogen bonds, being separated from them by 
distances from 3.14 to 3-28/~. And these hydrogen bonds 
make  infinite two-dimensional  networks parallel to the 
(001) planes as are shown in Figs. l(a) and l(b). These 
facts explain a perfect cleavage perpendicular  to the 
c axes of both  crystals. 

Because both  the EDA and TDA ions are centro- 
symmetrical ,  the skeleton of the EDA ion and the carbon 
chain of the TDA ion are geometrically planar (trans). 
The terminal  N atoms of the TDA ion were found to be 

in the plane of the carbon chain (the deviat ions of the  
N atoms from the plane are less than  0.001 /~). Thus 
both  EDA and TDA so far de te rmined  can be ei ther  
gauche or trans forms, depending on the  structures of 
the crystals. 
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Yaron, Lupu, Berger & Sela (1962) have reported optical 
rota tory and viscosity measurements  of solutions of 
poly-(y-hydroxypropyl)-n-glutamine (Fig. 1) in a series 
of methanol-water  mixtures.  They concluded from these 
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Fig. 1. l~e~idue of pely-(?,-hydroxypropyl)-r,-glutamine, 

studies tha t  the polymer  exists in the  a-helical conforma- 
t ion in methanol ,  and that ,  though the addi t ion of 
water  tends to destroy this structure, it is main ta ined  
to a substantial  ex tent  even in pure water. Evidence 
tha t  this polymer  has an a-helical structure in the solid 
state has now been obtained from X-ray diffraction. 

Poly-(~,-hydroxypropyl)-T,-glutamine of 50,000 molec- 
ular weight  was kindly provided by Dr A. Yaron.  
X-ray powder photographs of some of this mater ial  
recrystallized from methanol  show a crystalline pa t te rn  
of about  a dozen fairly sharp lines. These include several 

strong reflexions in the region 4 to 5 A and an out- 
s tanding reflexion at 1.50 A. Both  of these features are 
commonly  observed in X-ray pat terns  of a-helical 
structures. 

Fur ther  strong evidence for an c~-helical structure was 
obtained from photographs of an oriented fibre drawn 
from a concentrated solution of the polymer  in methanol .  
The oriented diffraction pa t te rn  shows only two strong 
layer lines, one equatorial  and the other wi th  a layer-line 
spacing of about  5.4 2k, the value characteristic of the  
a-helical pa t te rn  (Crick & Kendrew,  1957). The moder-  
ately strong equatorial  reflexions at  14-3 and 11.6 
are consistent with the close packing of a-helices wi th  
the large side chains of poly-(y-hydroxypropyl)-T,-  
glutamine.  

Powder  photographs were also taken  of a sample of 
the  polymer  recrystallized from water.  They show a 
pa t te rn  which, though not  identical wi th  tha t  obtained 
from the methanol  preparation, includes all the  stronger 
lines of the lat ter  and in particular those in the  4 to 5 /~ 
region and at  14.3, 11.6 and 1.50 /l. I t  therefore seems 
probable tha t  this preparat ion too contains some mater ial  
with  an a-helical structure. 
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