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Structure of L-Asparagine Monohydrate  by Neutron Diffraction 
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A single-crystal neutron diffraction refinement of the structure of L-asparagine monohydrate, 
NH2CO(CH2)CHNH2COOH.H20 [space group P2t212t, Z=4, a=5.593(5), b=9.827(10), c= 
11.808 (11) A,] has been carried out. Neutron intensities of 890 reflexions (749 non-zero) were measured 
at a wavelength of 1.041 A, up to sin 0/2= 0.65 A-1. The ten hydrogen atoms in the asymmetric unit 
were located from a neutron scattering density Fourier map, computed with observed Fo'S as amplitudes 
and phases derived from the known X-ray positions of the non-hydrogen atoms. The structural param- 
eters were refined by the full-matrix anisotropic least-squares method. Extinction corrections to the 
observed data were applied by a method due to Zachariasen (Acta Cryst. (1967). 23, 558). The final 
R value is 0.096. The hydrogen bonding scheme and the conformation of the molecule are discussed. 

Introduction 

The neutron diffraction refinement of the crystal struc- 
ture of L-asparagine monohydrate, NH2CO(CH2)CH- 
(NH2)COOH.H20, was undertaken as part of our 
current program of studies on the structure of amino 
acids and their derivatives. The X-ray structure anal- 
ysis of L-asparagine monohydrate was carried out by 
Kartha & De Vries (1961). Their analysis did not 
include the location of the hydrogen atoms. 

Experimental 

Single crystals of L-asparagine monohydrate were 
grown from an aqueous solution of the compound. 
The crystals obtained were prisms, elongated along 
the a axis and bounded by {011} planes. From these, 
one crystal weighting 37 mg was selected for data 
collection. 

The crystal was first coated with an adhesive (brand 
name 'Stickfast') and dipped in liquid nitrogen to 
reduce extinction effects. It was then mounted on a 
full-circle Siemens crystal orienter so that its long edge 
(a axis) was along the ~p axis. The orienter was mounted 
on the ~0 plate of the diffractometer 'SAND' (Chidam- 
baram, Sequeira & Momin, 1968), located at the 
CIRUS reactor in Trombay, after removing the auto- 
matic crystal positioning device used for collecting 
zero-layer data. The orienter was aligned so that its 
Z circle was in the symmetrical position with respect to 
the incident and diffracted neutron beams. For each 
reflexion, the angles 20, Z and ~0 had to be set by hand 
but the scanning was done automatically. The inte- 
grated intensities of 890 independent reflexions up to 
sin 0/2=0.65 A -1 were measured at a wavelength of 
1.041 A in the 0-20 step-scan mode (0.1 ° step in 20). 
The background was scanned for a minimum of 1 ° on 
either side of the peak. Of the measured reflexions, 
749 had I>_ a(I) and were treated as observables. The 
observed 20 angles agreed quite well with the values 

calculated from cell constants* reported by Kartha & 
De Vries (1961): a =  5.582, b=9.812, c= 11-796 A. The 
observed extinctions, h = 2n + 1 for h00, k = 2n + 1 0k0 
and l = 2 n + l  for 001, confirmed the X-ray space 
group P2t2121. The integrated intensities were reduced 
to Fo z, using the program DATARED (Srikanta & 
Sequeira, 1967). The absorption corrections were 
applied for /z=2.74 cm -1. The range of absorption 
factors was 0.515 to 0.624. 

Refinement of the structure 

A three-dimensional neutron scattering density Fou- 
rier synthesis map, computed using the program 
FORDAP (Zalkin, 1962), with the observed Fo's as 
amplitudes and the phases calculated from the contri- 
butions of heavy atoms alone, revealed the positions 
of all the ten hydrogen atoms in the asymmetric unit. 
The structural parameters were then subjected to a 
series of isotropic and anisotropic full-matrix least- 
squares refinements with the use of the program XFLS 
(Busing, Martin & Levy, 1962). The function mini- 
mized was ~(FE- lFcl2)  2 where og=l/a2(F 2) and 
a(F2)'s were based solely on counting statistics. As 
all the 182 parameters in the anisotropic refinements 
could not be refined on the CDC 3600 computer 
(32K memory) in the same cycle, the parameters of 
the heavy atoms and hydrogen atoms were refined 
separately in alternate cycles. 

It was noticed during the refinement that the data 
were affected by extinction (worst F~o/IFc]2=0.66). 
They were corrected by the method due to Zachariasen 
(1967), using the equation 

* These values for the cell constants were used in the least- 
squares refinement. However, a refined set of cell constants, 
a=5.593 (5), b=9.827 (10) and c=11.808 (11) ~, became 
available from an independent neutron diffraction study by 
Verbist, Lehmann, Koetzle & Hamilton (1972), (following 
paper). The latter values were used in computing interatomic 
distances and angles. 
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Table  1. Final positional and thermal parameters for  L-asparagine monohydrate 

Least-squares standard deviations are shown in parentheses. All parameters are x 104 and the expression for the thermal param- 
eters is exp [ - (ill Ih 2 q- f122k 2 q-f13312 + 2hkfll2 + 2hlfl~ 3 + 2klf123)]. 

x/a y/b z/c fll I fl22 fl33 fll 2 ]~I 3 #23 
C(I) -1245 (10) -580  (5) 360 (4) 192 (18) 51 (5) 37 (3) - 2 2  (10) 4 (8) --2 (4) 
C(2) --3053 (9) -291 (5) 1296 (4) 149 (17) 48 (5) 36 (3) 29 (8) 12 (8) 4 (3) 
C(3) -2104 (9) 562 (5) 2275 (4) 161 (17) 42 (4) 40 (4) 15 (9) - 3 4  (8) 2 (4) 
C(4) 165 (10) - 19 (5) 2777 (4) 163 (17) 34 (4) 40 (4) - 10 (8) 10 (9) 4 (4) 
N(1) -4160 (7) - 1560 (3) 1718 (3) 159 (12) 49 (3) 39 (2) - 3  (7) 8 (6) - 1 (2) 
N(2) 1069 (8) 640 (4) 3686 (3) 269 (16) 63 (4) 48 (3) 25 (8) - 3 2  (7) - 15 (3) 
O(1) - 7 7  (12) 435 (6) 18 (6) 240 (23) 46 (6) 75 (5) - 2 7  (12) 31 (11) - 1 7  (5) 
0(2) -1192 (13) -1738 (6) - 6 7  (5) 237 (22) 57 (6) 51 (4) - 9  (13) 31 (11) - 1 5  (4) 
0(3) 1145 (13) -1061 (6) 2383 (5) 185 (21) 66 (6) 55 (5) 4 (12) 29 (10) - 1 5  (5) 
0(4) 3082 (14) 2301 (7) 1133 (5) 328 (28) 80 (7) 57 (5) - 6 9  (14) - 1 4  (12) 3 (5) 
H(1) 1820 (24) 1739 (11) 704 (10) 377 (51) 84 (13) 104 (11) -102  (25) - 2 7  (23) - 3 0  (10) 
H(2) 3474 (24) 3040 (11) 599 (9) 346 (47) 79 (11) 88 (10) - 4 3  (25) - 5 2  (22) - 3  (9) 
H(3) -3107 (22) -2020 (10) 2338 (8) 333 (47) 51 (9) 62 (8) 2 (19) - 2 0  (20) 17 (8) 
H(4) -4435 (23) -2279 (9) 1067 (8) 360 (46) 38 (9) 63 (7) - 7 2  (19) 36 (20) - 11 (7) 
H(5) -5851 (22) - 1370 (9) 2053 (10) 289 (43) 46 (9) 92 (10) -61  (19) 21 (21) - 1 (9) 
H(6) 2506 (19) 276 (11) 4073 (9) 198 (31) 102 (14) 62 (8) - 16 (20) 6 (16) - 9  (9) 
H(7) 285 (23) 1502 (12) 3948 (9) 400 (53) 84 (12) 70 (9) - 7  (25) 57 (21) - 18 (9) 
H(8) -4494 (20) 347 (10) 922 (9) 223 (35) 70 (11) 91 (9) 71 (19) - 6  (18) 23 (9) 
H(9) -1675 (22) 1596 (9) 1941 (10) 289 (42) 38 (8) 104 (10) 12 (19) 3 (20) - 1 5  (8) 
H(10) -3385 (22) 750 (13) 2933 (10) 221 (38) 144 (16) 89 (10) 52 (24) 33 (19) - 3 3  (12) 

Table  2. Observed and caleulated squared p a r a m e t e r  G = ( r * 2  -~) in the refinement.  T for  each 
structure factors reflexion was c o m p u t e d  by a modi f ica t ion  o f  the 

The four columns in each set contain respectively the indices p r o g r a m  ORABS (Wehe,  Busing & Levy, 1962). The  
h, l, lOOFo z and 100[F~2I. The nuclear scattering lengths used value o f  G af ter  convergence  of  the ref inement  (maxi-  
are (in units of 10-~2 cm): carbon 0.661, nitrogen 0.940, oxygen m u m  p a r a m e t e r  shift in the last cycle less than  one- 
0.577and hydrogen-0.374,  tenth  the co r respond ing  s t a n d a r d  deviat ion)  was 

': i::." ,z : ?, '~ i '~ ~ i ~i #5 ! i!i i~ ! !~ !~ .: ,~- :,":"i ,~" .~ !::~ ::" i iii .:'~ 0.23 × 1 0  4. The final R values ob ta ined  were 

! " '2 :? 2:~ ~ i ~2 ~2 :i :" :~ ! 3! 'i~ i!i~ i!:~ ~ ?! 5 i:2 i~'! ~i :!! : :.: :: , , , , , ,  

"i ~ ~ !~ .  iii ~ ~i ~ '! ,~,~' i  5 ?.'! ~ ,:.!}:~ :?~'!i? i!! °:'ff ::i?~, ~: 

! ~ :',:, ! :~ ~ ?5 !2.:i ~ :~.:! ,i~ 5' ! :~ ".~i !~  :!!" :~. '::: i'!?! i!! i ? 7 

, i T~ 2 i ~ ~,~,:i !? ~ ! !;i !!! i ~ i?ii i ~:! 5 i ? ? i::~, : i ' i  2 '2' ! ~,i 
, , . . .  

, o , , ,  

where 

2 F~o~ = Fo/y 
y = ( 1  + 2 x )  -I/2, 

x=r*2-1Qo T ,  
T= - A -  ~dA/dp . 

Here ,  A is the abso rp t ion  fac tor  a n d  r*  is an adjus table  
p a r a m e t e r  which takes  ext inct ion into account .  The 
p r o g r a m  XFLS  was sui tably a l tered to include the 

Fo r  749 reflexions 
[with Fo 2 > tr(Fo2)] 
Fo r  734 reflexions 
[with r o  2 > o-(ro2)] 
and  r 2 < 91Fc[ 2) 

R(IFI) R(IF21) coR(IFZl)t 

0.096 0.122 0.122 

0"088 0"118 0"104 

The final nuc lear  pa ramete r s ,  toge ther  with their  
leas t -squares  es t imated  s t anda rd  deviat ions,  are given 
in Table  1. A listing of  the observed and  calcula ted 
[F 21 is given in Table  2. 

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

The s t ruc ture  o f  L-asparagine m o n o h y d r a t e  as deter-  
mined  by K a r t h a  & De  Vries (1961) is essentially cor- 
rect. The agreement  between the neu t ron  and  X- ray  
coord ina tes  of  n o n - h y d r o g e n  a toms  is satisfactory.~: 
A stereo view of  a molecule  of  L-asparagine m o n o -  
hydra te  d r a w n  with the aid of  the p r o g r a m  ORTEP 
( Johnson ,  1965) i s  shown in Fig. 1. The  bond dis- 
tances and  bond  angles for  the molecule  were c o m p u t e d  
by the p r o g r a m  ORFFE (Busing, M a r t i n  & Levy, 1964) 

t o~R(IF21) = (7"c°(F°2-1F~I2)2) ]/2 
-- ~7o~ 

:I: The labels in the coordinates table given by Kartha & 
De Vries, namely y, z and x are in error; these should be read 
as x, y and z. 

A C 28B - 8 
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and are given in Table 3. These values are compared 
in Fig. 2 with the weighted average values for other 
amino acids reported by Marsh & Donohue (1967). 
The agreement between the two sets is good. No value 
differs by more than two standard deviations except 
the value for angle C(1)-C(2)-C(3) (115 ° compared 
with the weighted value 111.5°). But, as Marsh & 
Donohue (1967) have noted, there is considerable 
scatter in the values of this angle in different amino 
acids. As found by Kartha & De Vries (1961), the 

Table 3. Interatomic distances and angles in 
L-asparagine monohydrate* 

The errors given here are the standard deviations calculated 
by using the standard deviations of the coordinates from the 
least-squares refinement and the standard deviations of the 
cell constants reported by Verbist, Lehmann, Koetzle & Ham- 
ilton (1972). 

C(1)-O(1) 1.259 (8)/~ O(1)--C(1)-O(2) 125.6 (0.6) ° 
C(1)-O(2) 1.245 (7) O(1)--C(1)-C(2) 115.4 (0.5) 
C(1)-C(2) 1-525 (7) O(2)--C(1)-C(2) 118.7 (0.5) 
C(2)-C(3) 1.523 (7) H(8)--C(2)-C(1) 107.3 (0.7) 
C(2)-N(I) 1.479 (6) H(8)--C(Z)-N(I) 107.8 (0.7) 
C(3)-C(4) 1:513 (7) H(8)--C(2)-C(3) 104.2 (0.7) 
C(4)-N(2) 1.352 (6) N(1)--C(2)-C(3) 110.8 (0.4) 
C(4)-O(3) 1.251 (8) N(I)--C(2)-C(I) 111"4 (0"4) 
C(2)-H(8) 1.113 (12) C(3)--C(2)-C(1) 115.0 (0.4) 
C(3)-H(9) 1.116 (11) H(10)-C(3)-H(9) 104.1 (1-0) 
C(3)-H(10) 1.072 (13) H(10)-C(3)-C(4) 110.0 (0.8) 
N(1)-H(3) 1.043 (11) H(10)-C(3)-C(2) 114.3 (0.8) 
N(1)-H(4) 1.055 (10) H(9)--C(3)-C(4) 107.6 (0.7) 
N(1)-H(5) 1.042 (13) H(9)--C(3)-C(2) 107.9 (0.7) 
N(2)-H(6) 0.992 (11) C(4)--C(3)-C(2) 112.4 (0.4) 
N(2)-H(7) 1.002 (12) O(3)--C(4)-N(2) 121.6 (0.5) 
O(4)-H(1) 1.029 (14) O(3)--C(4)-C(3) 122.1 (0.5) 
O(4)-H(2) 0.986 (13) C(3)--C(4)-N(2) 116.3 (0.4) 
H(1)-H(2) 1.583 (17) H(5)--N(1)-H(3) 108.9 (0.9) 

H(5)--N(I)-H(4) 105.3 (1.0) 
H(5)--N(I)-C(2) 110.9 (0.6) 
H(3)--N(1)-H(4) 107.7 (0.8) 
H(3)--N(1)-C(2) 111.4 (0.7) 
t-I(4)--N(I)-C(2) 112.4 (0.6) 
H(6)--N(2)-H(7) 121.2 (1.0) 
H(6)--N(2)-C(4) 119.7 (0.7) 
H(7)--N(2)-C(4) 119.1 (0.8) 
H(1)--O(4)-H(2) 103.5 (1.1) 

* Uncorrected for thermal motion. 

/::.111)5°~ # __ - 
~ H _ ~  10.5° 

Fig. 2. The bond distances and angles in the amino acid residue. 
(a) The average values given by Marsh & Donohue (1967). 
(b) Values obtained for the asparagine molecule. 

asparagine molecule exists as a zwitterion in the struc- 
ture, with the C(2)-N(1)+H(3)H(4)H(5) group having 
a tetrahedral configuration. The two C-O bonds for 
the ionized carboxylic group are equal within experi- 
mental error, the average value being 1-252 A. The 
values of the bond distances and angles for the side 
chain are also normal. 

Hydrogen bonding 
Projections of the structure viewed along [100] and 

[010] are shown in Figs. 3 and 4. As can be seen from 
Fig. 3, the molecular chains are parallel to the e 
direction. The adjacent chains are linked together by 
hydrogen bonds from the water molecule. In all, there 
are seven hydrogen bonds involving all the protons 
attached to N(1), N(2), 0(4) (water oxygen) atoms, 
originating from each molecule. Six of these are shown 
in Fig. 3. The seventh hydrogen bond N(1)-H(5).- .  
0(3) TM links two asparagine molecules lying exactly on 
top of each other along the a axis and is shown in 
Fig. 4. The H(5) hydrogen atom is too far away to 
form a hydrogen bond with 0(3) of the same molecule. 
This confirms that the structure of the asparagine 
molecule in the crystalline state is an open chain. 

Fig. 1. Stereoscopic picture of the asparagine molecule viewed down the a axis. 
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All  the hyd r ogen  b o n d  distances and  angles are 
summar ized  in Tab le  4. I t  can be seen tha t  the 
N + - H . - .  O bonds  are shor te r  and  s t ra ighter  t han  the 

N - H . . . O  bonds .  This  is in agreement  wi th  the con  
clusions of  C h i d a m b a r a m ,  B a l a s u b r a m a n i a n  & R a m a -  
c h a n d r a n  (1970) tha t  N + - H  . .  .O  bonds  (mean  2-81 

Table  4. H y d r o g e n  b o n d s  i n  

X - H . "  Y 

O ( 4 ) - H ( 1 ) "  • O (1 )  
O ( 4 ) - H ( 2 ) "  • O( lX)  
N(1)-H(3). • O(4 li) 
N(1)-H(4). • 0(2 m) 
N(1)-H(5). -O(3 iv) 
N(2)-H(6). • O(lv) 
N(2)-H(7). "0(20 

L - a s p a r a g i n e  m o n o h y d r a t e  

d x -  rI d r i .  . . y d x .  . . r" / H - X "  • • Y 

1"029 (14) 1"851 (14) 2-866 (10) 7-4 (0"7) 
0"986 (13) 1"854 (13) 2"803 (9) 12"6 (0"8) 
1"043 (11) 1"925 (12) 2"839 (7) 23"2 (0"7) 
1-055 (10) 1"815 (12) 2"809 (7) 15"6 (0"7) 
1-042 (13) 1"751 (14) 2"784 (8) 6"0 (0"7) 
0.992 (11) 1.949 (13) 2.935 (8) 5"1 (0"6) 
1.002 (12) 2.235 (13) 3.050 (7) 29.7 (0.7) 

Superscripts for symmetry-related atoms 

None x y z 
i ½ + x  ½ - y  - z  iv x - 1  y z 

ii - x  y - ½  ½-z  v ½ - x  y ½-z  
iii x - ½  - ½ - y  - z  

I /  "-~ . . . .  1 6 8 " 5 ° /  115"4° C{~ ) . . . . .  "X / '  L, 
/. "(H(2) o Hr~ . . . . .  W -I ] tY/" /x / "  

o 103"5 ( ) o / X " I 1 6 0 " 7 ° ' ~ 1  03"5°')1"l(1) 14(8~, n.-/.,a]o 155"4 \ f ' ~ l  

[ 1/ / , , v  Q . . . .  o~(N(1) 107"7 ° ~ I 

t - .  / ~ .  ~ . . . .  0~3(  ~ 1~8"9~{3)144"4° "~ --" - , ~ - /  ~ t 104"1 ~ 1 o'~.1 o .LU(;~)j ~-  " H{3) ~ ,, - -  
I 1 } ("% 1 1 2 L 0 0 ~ ~  \ / ' L ~ I  "- I H ( 1 0 ~ ) ~ / ~ 2 1 " 6 °  '~, ~ [  

119.1 o \ \  , ' X  

I ~ / / \  x . - ' ~ '  " ~  I 

/ k6' ~" g,~ -, ~ ~," .-~ 
c H(4) A "x -- 0(x~4 ~ ) 

N(1 ' ~ \ 

I ~ " ,  / ~ \1"072 t ~  ( ) "  I - 

I 
I ~ ,%. I ,  

/ i 1 ~  "-.% ~ ~(~// i / 

/ ~ , • ~ -~b 

Fig. 3. Projection of the unit cell structure on the (100) plane./_ C(1)-C(2)-C(3) = 115-0 °,/_ N(1)-C(2)-H(8) = 107.8 °, / C(2)-C(3 )- 
H(10) = 114.3 °, /_ C(4)-C(3)-H(9) = 107.6 °, /_ H(4)-N(1)-H(5) = 105-3 °, /C(2)-N(1)-H(3)= 111.4 °. 

A C 28B - 8* 
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A) are shorter than N - H . - - O  bonds (mean 2.99 A,). 
The corresponding N + - H  distances are longer than 
the N-H  distances (see Table 3). The water oxygen 
acts as the donor of two hydrogen bonds and acceptor 
for the hydrogen bond from the N(1) atom. The coor- 
dination of the water molecule is approximately tetra- 
hedral and is of type K (Chidambaram, Sequeira & 
Sikka, 1964) in which one of the lone pairs of the water 
oxygen is pointing towards a H-bond donor group 
(NHJ  group) and the other lone pair is not specifically 
directed. The value of 103.5 ° for the H - O - H  angle is 
normal for this type of coordination (Coppens & 
Sabine, 1969; Sikka & Chidambaram, 1969). 

Molecular conformation 
Torsion angles about various bonds in the molecule 

are listed in Table 5, and views along these bonds are 
shown in Fig. 5. Names and signs of these angles are 
in accordance with the recommendations made by 
the IUPAC-IUB Commision on Biochemical Nomen- 
clature (1970). 

Table 5. Torsion angles in L-asparagine monohydrate 
(Standard deviations are given in parentheses). 

~ u ( 1 )  N(1)-C(2)-C(1)-O(2) 11.9 (0.7) ° 
~,(2) N( 1 )-C(2)-C( 1 )-O( 1 ) - 174.4 (0.5) 
r p ( 1 )  C(1)-C(2)-N(1)-H(4) - 36.2 (0.9) 
(0(2) C(1 )-C(2)-N(1)-H(3) 84.8 (0.8) 
( 0 ( 3 )  C(1)-C(2)-N(1 )-H(5) - 153.8 (0.8) 
;~(1 ,1)  N(1)-C(2)-C(3)-C(4) 74.3 (0.5) 
X ( 1 , 2 )  N(1)-C(2)-C(3)-H(9) - 167.3 (0.7) 
Z ( 1 , 3 )  N(1)-C(2)-C(3)-H(10) - 52.1 (0.9) 
X ( 2 , 1 )  C(2)-C(3)-C(4)-O(3) 2.3 (0.7) 
X ( 2 , 2 )  C(2)-C(3)-C(4)-N(2) - 177.0 (0.4) 
)C(3,2,1) O(3)-C(4)-N(2)-H(6) - 2.4 (1.0) 
;63,2,2) O(3)-C(4)-N(2)-H(7) 176.4 (0.9) 

The carboxyl group is only approximately coplanar 
with the carbon atom C(2). The equation of the least- 
squares plane passing through the atoms C(1), C(2), 
O(1) and 0(2) is 

- 3.9240 x+2.3575 y -  7.9232 z -0 .0943  = 0  

where x, y and z are fractional coordinates. Deviations 
of the atoms from this plane are: 

C(1)-0.027,  C(2)0.008, O(1)0-024 and 0(2) 0-017 3,. 

The values of torsion angles for non-hydrogen atoms 
are in good agreement with those calculated by Lak- 
shminarayanan, Sasisekharan & Ramachandran (1967) 
The torsion angle ~u(1)* corresponding to the oxygen 
atom 0(2) is + 11.9 [see Fig. 5 (a)]. Most of the amino 
acids have a negative ~,(1) angle. A few exceptions are 
DL-serine (+3.8°),  L-histidine-HC1.2H20 (+0 .4  °) and 
the present molecule. As noted by Sundaralingam & 
Putkey (1970), the positive angle V(1) leads to a de- 
crease in the intramolecular C(3) . . .O(1)  distance. 
This distance in the present case is 2.90 A. 

Another special feature of this molecule is that the 
torsion angle for the 7-carbon atom C(4) is 74.3 ° 
[see Fig. 5(c)]. This means that the C(3)-C(4) bond is 
cis to C(2)-C(1) bond. Hence atom C(4) occupies the 
gap between N(1) and C(1), even though the other two 
gaps, namely those between N(1) and H(8), and C(1) 
and H(8) are wider; the latter is owing to the fact 
that the hydrogen atom is smaller than both nitrogen 
and carbon atoms. According to Lakshminarayanan 
et al. (1967), the conformation, in which C(3)-C(4) is 

* This angle was called ~,(2) by Lakshminarayanan, Sasisekh- 
aran & Ramachandran (1967), and Sundaralingam & Putkey 
(1970). 

ill J _ _7~i ) 

Fig. 4. Projection of the unit cell structure on the 010 plane. 
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trans to C(2)-C(1) is the most favourable and the con- 
formation found in the case of the present molecule 
is the least favourable. As a result it is seen that 
C(2)-H(8) is trans to C(3)-C(4) and C(3)-H(10) is 
trans to C(2)-C(I). 

The atoms C(2), C(3), C(4), N(2), O(3), H(6) and 
H(7) are approximately coplanar [see Figs. 5(d) and 
(e)]. The equation of the least-squares plane passing 
through the atoms C(3), C(4), 0(3) and N(2) is 

-3.0571 x -  5.6525 y+7.1863 z -  1.9595=0. 

Deviations of the above-mentioned seven atoms from 
this plane are: 

C(2) 0.070 A 0(3) 0.003 A H(6) 0.045 A, 
C(3) 0-001 N(2) 0.001 H ( 7 ) - 0 . 0 5 8  
C(4) -0 .004  

The torsion angles for the hydrogen atoms of the 
(NH3) + group [see Fig. 5(b)] are normal. This configura- 
tion is similar to the one present in the molecule of 
perdeutero-0c-glycylglycine studied by Freeman & 
Paul (1970). 

Dihedral angles involving hydrogen atoms which 
are bonded to the tetrahedrally bonded carbon atoms 
C(2) and C(3) were calculated. As expected, these 
angles are close to 90 ° (range: 87.4 to 91.3°). 

In the following paper, Hamilton and coworkers 
have compared our results with those of their inde- 
pendent neutron study of this structure. 

The authors wish to thank Shri S. N. Momin and 
Shri H. Rajagopal for help in data collection. 
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