1096

A rotator can be expected to require more space than
a stationary group; perhaps the short distance in this
case indicates that the group is really stationary.) This
comparison of C---C and H---H distances empha-
sizes the necessity of considering the positions of any
hydrogen atoms involved in intermolecular contacts.
The shortest intermolecular distances involving hydro-
gen atoms [other than those glven in Fig.2())] are, w1th
their e.s.d.’s: O---H, 2-49 (6) A; N---H, 3:25 (6)
H---H, 2:30 (9) A. None of these distances is 51gn1-
ficantly less than the sum of appropriate van der Waals
radii. It therefore seems unlikely that the exceptional
distances given in Fig.2(b) represent a reduction in the
van der Waals radii resulting from the low temperature.
A more plausible explanation of the unusual prox-
imity is that the hydrogen atom H(34) participates in
a bifurcated bond, joining O(34) not only to O(35) but
also to O(35) (1). The combined pull of the two weak
symmetry-related bonds 0(34) H(34)---0(35) (1) and
0(34) (1)-H(34) (1)---0O(35) is sufficient to balance the
repulsion between O(35) and O(35) (1). However, there
are some objections to this hypothesis. The distance
0(34)---0(35) (1) is 3028 A, and thus is readily ex-
plicable as a normal van der Waals contact. Also, if
H(34) were even weakly bonded to O(35) (1), it could
be expected to move towards that atom, with a con-
sequent increase in the angle C(22)-O(34)-H(34). In
fact this angle is 99°, compared with the correspond-
ing value of 106° in molecule 4. The e.s.d. of these
angles is about 4°, so that the difference is probably
not significant; however such evidence as is available
does not support the hypothesis. Finally, it can be seen
in Fig.2(b) that the opposing attractive and repulsive
forces are not in equilibrium; O(34)---0O(35) (1) could
be reduced, and O(35)---0O(35) (1) increased by a
translation of the molecule parallel to the long axis of
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the phenazine nucleus. In spite of these objections, the
hypothesis of the bifurcated hydrogen bond is probably
the best that can be advanced at this time. It is hoped
that work now in progress in this laboratory on the
crystal structure of iodinin (II) will throw additional
light on the problem.

The specimen material was supplied by Dr D.C. Gil-
lespie. Computer programs used in the analysis are
those of Ahmed, Hall, Pippy & Huber (1966). Dr O.E.
Edwards contributed much helpful discussion. The as-
sistance of these people, and the continued encourage-
ment of Dr W.H. Barnes, are gratefully acknowledged.
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The Crystal and Molecular Structure of L-Cysteine

By MARJORIE M. HARDING AND H.A.LONG
Department of Chemistry, University of Edinburgh, West Mains Road, Edinburgh 9, Scotland

(Received 27 September 1967)

The structure of L-cysteine, HSCH,.CH(NH,).COOH, has been determined from three-dimensional
X-ray diffraction data, and refined until R=0-127. The crystals are monoclinic, P2,, with a=11-51,
b=15240, ¢=9-517 A, $=109-13°, The bond lengths and angles in the two cysteine molecules (zw1tter-
ions) in the asymmetric unit are not significantly different from each other or from expected values,
but their conformations differ by twists of 118° around the C,— Cj bond and 33° around C—C, bond.

The crystal structure of L-cysteine,
HS.CH,.CH(NH,).COOH,
has been determined. The free amino acid was

obtained from L-cysteine hydrochloride by neutra-
lization with sodium hydroxide and crystallization
from hot water.
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Table 1. Observed and calculated structure amplitudes in the form hkl, 10 |Fopg|, 10 |Feare|

i 91400 45,94 & O «4 237419 0 1 6 JUTeUO 112,46 6 | 2 210400 196418 14 1 -4 23000 41,25
2 535,00 32,47 ¢ O -: 307.0‘ [P T} 101.03 7?.54 [ -.\) :::-gg :::.f; :: : -: ;:'83 :;-;:
6 0 = 91,02 0o 1 10 4940 41,22 6 1 . . - . .
3 :?;:gg ::i::; 6 [ 148,27 t 1 =il 54400 45,63 o ' 1 256400 :::.:o l; ; -; 64000 76,51
v 9 3 o o 92.57 1 1 =9 128400 96071 4 1 2 229.00 89
Yl i L oo 37412 1 1 a8 44400 36,28 & 4 3 107400 111434 O 2 1
7 103400 105,33 3 [] 2 103,22 1 1 -7 35,00 44,46 o ] 4 53400 63,14 [} 2 2
I 43400 43,09 & 0 3 100481 1 1 =6 113400 121,33 ¢ | 5 69400 88,83 0 2 3
9 98,20 6 O 4 86,66 1 I o5 203,00 196,33 s | & 94000 ] o2 4
10 20,80 6 0 & 17,65 1 | <4 131¢00 104,04 & § 7 32400 2 2 s
" 50,20 & O 7 36,54 1 1 =3 383400 341,30 & 1 8 52400 o 2 e
-11 89,32 7 0 el12 83430 I 1 -2  407.00 7 1«1l 107400 o 2 7
-8 92,79 ? 0 =11 42,35 1 1 -1 253400 7 1 e10 000 o2 L]
-7 46425 7 0 =10 39,37 1 1 0 314400 7 1 a9 112400 0 2 9
-6 202,04 7 O <8 180.46 1 1 1 245440 7 1 8 100400 o 2 v
o5 124400 140040 7 O =8 188,62 3 1 2 155,00 7 1 o 2 1l
«4 289400 231,23 T 0 =8 72,55 1 1 3 367.00 71 o2 -
3 0 203,85 7 0 =4 169421 1 1 4 102400 T 12 =10
-2 381400 414,09 7 0 3 229,31 1 1 s 209400 7 1 1 2 -°
-1 74000 39,85 7 O =2 128,60 1t s 81400 L 12 -8
O 354000 169,94 7 0 <l 88434 1 1 7 163,09 7 12 7
I 10100 87,38 7 0 0 323.00 322,22 ,; | 73400 T 1 12 -8
2 472400 543,20 7 0 1 113.00 95,00 1 1 9 113400 71 12 -8
3 186600 163,11 7 0 2 269400 o110 59400 7T 1 [ Y]
4 56400 44,00 7 0 3 21400 1o 51400 7 1 o2 e
s 73400 85,71 7 0 4 146400 2 1.l 63400 7T o2 -2
6 170,00 158,48 7 0 5 52400 2 110 58400 T 12 el
7 122400 139,70 7 0 6 10500 2 1 e 89400 7T 12 0
3 55,00 57,68 7 0 7 92400 2 1 -8 141400 7T o2
10 52400 44,10 7 0 B 48400 2 1 7 260,00 7 12 2
1 25400 26,76 8 0 -1t 98400 2 1 - 58400 7 1 12 3
-12 42400 39,11 & 0 -0 43400 2 1 -5 152,00 [ 12 4
«10 67400 64,47 8 0 <8 135400 2 1 =4 154400 s 1 2 s
-9 77400 86,32 & 0 «? 62400 2 1 <3 490,00 8 1 1 2
«7 131400 14647] 8 O <6 74400 2 1«2 322400 s 1 V27
-8 71400 83,47 6 0 =5 35400 2 1 -1 250,00 [ 12 8
8 0 -4 34400 2 311400 v 1 P29
8 0 -3 35.00 2 1 1 462400 s 1 o2 a0
8 0 =2 71400 2 1 2 233,00 s 1 2 2.1
L4 o -1 33400 z 1 3 213400 199,25 © 1 2 2 -10
8 o0 1 29400 2 1 4 195,00 201,65 8 ) 2 2 -9
8 0 2 214,00 2 1 3 148400 6 8 1 2 2 -8
8 0 4 120400 2 1 e 67400 60,18 8 1 2 2 .7
8 o s 51400 2 17 74400 Tle16 8 1 2 2 -6
8 © 52400 2 1 s 77400 66,80 8 2 2 .5
&8 o 7 61400 2 1 9 72400 64,02 8 1 2 2 -4
9 0«10 36400 2 1 10 40,00 32,64 8 1 2 2 2
9 0 =9 54,400 31 .-l2 42400 50,20 & 1 2 2 =2
9 0 8 42400 31 e 57400 39,66 8 1 2 2 -1
9 0 =7 138,00 3 1 .10 80400 62,47 8 1 2 2 o
9 0 <6 161400 3 1 9 216400 ¢ 1 2 2 ot
9 0 =8 52400 3 1 e 62400 [ 2 2 2
9 0 a4 39000 3 1 =7 154400 s 1 2 2 3
9 0 =3 260400 3 1 a8 73000 ¢ 1 2 2 4
9 0 =2 133.00 3 1 -5 382400 [ ] 2 2 s
9 0o o© 26400 I 1 =4 284400 9 1 2 2 e
9 0 1 147400 3 1 -3 295,00 s 1 2 2 7
9 0 2 110400 3 [ 2 2 8
vy 0 8 52400 3 1 9 1 2 2 9
9 0 o $3400 3 9 1 2 2 10
10 0 -1t 31400 3 [ 3 2 .11
10 0 =10 116400 a1 * 1 3 2 =10
10 0 =9 69400 3 9 1 3 2 a9
10 0 -8 65400 3 9 1 3 2 -8
10 0 a7 47400 3 9 1 3 2 .7
10 0 «6 104400 3 1 * I3 2 -8
10 0 <3 180400 3 y 3 2 s
10 0 =4 34400 3 10 1 3 2 -3
10 0 .3 50,00 E 10 3 3 2 -2
10 0 <2 139,00 3 101 3 2 .l
10 0 =1 202000 4 1 10 1 3 2 o
10 0 0 152400 4 1 10 1 3 2
10 0 2 124400 4« 1 10 1 3 2 2
10 0o 4 84400 4 1 10 3 2 2
10 o s 45,00 4 1 10 32 s
110 =10 49400 4 1 10 1 3 2 s
11 0 -9 0 4 1 10 1 3 2 [
11 0 -8 4 10 1 3 2 7
10 a7 4 1 10 1 3 2 10
110 =5 « 1 10 1 4« 21
11 0 -4 4 1 10 1 4 o« =10
1 0 = 4 1 10 1 4 2 -9
1t 0 -2 4 1 0 10 1 4 2 -8
110 -1 « 1 no o 2 .7
[} 1m0 0 4 12 [SEN 42 s
1 11 ] ] L} 1 3 11 1 4 2 -5
2 i8] o 2 4 1 4 1t 1 4 2 -4
3 11 0 3 4 1 s 1o « 2 -3
4 1o 4 « 1 e [ 4 2 a2
H 12 0 =10 4 1 7 109,00 [ 4 2 a1
6 12 0 8 4 1 8 63400 1 4 2 o0
7 12 0 =6 4 19 42400 1 « 2
8 12 0 -8 s 1 17400 i 1 « 2 2
° 12 0 =4 s 1 900 1 3 4 2 3
10 120 -1 s 1 73400 11 4« 2 4
-12 12 0 o0 s 81400 [ « 2 s
-0 12 o 2 5 1 -8 69400 1 1 “ 2 e
-8 13 0 =9 S 1 <7 106400 1 « 2 7
-7 13 0 -8 S 1«6 31400 12 4« 2 8
-6 13 0 -7 5 1 5 73,00 121 4 2 9
-5 13 0 -6 5 1 =4 170400 12 S 2 ell
-4 13 0 -3 5 1 <3 148400 12 5 2 -10
-3 13 0 -4 S 1 =2 143400 121 5 2 =9
.2 13 0 -3 S 1 el 147400 12 1 5 2 -8
-1 13 0 a2 S 1 0 114400 12 1 s 2 .7
[ 13 0 =1 5 1 1 172400 121 S 2 b
1 13 0o o 5 12 137.00 1z 1 5 2 5
2 13 0 1 S 1 3 167400 12 5 2 -4
3 13 0 2 5 1 4 62400 121 s 2 -3
. 14 6 a7 s 1 s 50400 12 s 2 -2
s 14 0 6 L Y 824C0 13 4 5 2 el
. 14 0 o4 s 1 7 944C0 13 s 2 o0
? e 0 -3 5 1 9 41400 13 s 2
s 14 0 <2 6 1 .12 34e0C 13 3 s 2 2
9 14 0 =1 6 1 -1 51400 13 s 2 2
-12 14 0o o 6 1«10 56400 13 5 2 4
-1t 9o 1 & 1«9 117.C0 13 s 2 5
-10 v 1 2 6 1 -8 9500 131 5 2 e
-9 6 13 5 1 7 228400 12 5 2 7
-8 a1 4 6 1 6 108,00 13 1 s 2 8
-7 PR ] 6 1 =5 149400 1 s 2 9
-t ] 1 & b 1 =4 104400 14 b3 E] 2 =11
<5 270.C0  29F,1% 1 7 & 1 3 396.cC0 1 5 2 -in
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Table 1 (cont.)

6 2 =9 102400 1z -2 29400 6 3 4 04eu0 49,68 2 4 2 124400 132468 M1 4 =2 54000
6 2 -3 48000 [ 3 1 273400 [ 3 5 54,00 628414 2 4 3 93400 96,79 11 4 =2 46400
¢ 2 7 43400 © 3 2 222.00 6 3 & 72440 67,62 2 4 4 52400 50,35 1l 4 -1 42000
6 2 -6 38400 o 2 3 39,60 6 3 7 43.c0 57,49 2 4 5 62400 59446 11 4 O 27,00
6 2 =5 21200 ¢ 3 4 126400 7 3 -10 4000 24061 2 4 & 31400 24,55 12 4 22 Se00
6 2 =4 103.00 ¢ 3 5 131.00 ?7 3 -° $6+00 42,93 2 4 7 43400 o 5 1 78400

2 =3 94400 o 3 & S1e00 7T 3 -2 504G0 40,43 2 4 B8 2%e00 [ 74400
6 2 =2 120600 o 3 7 39,00 7T 3 =T 195,00 108,59 3 4 <9 37400 o 5 3 48400
6 2 =1 160400 o 3 3 31400 7 3 -6 40400 49,91 3 4 .8 94460 0 5 4 129400
6 2 0 239,00 o 3 9 9340C 7 3 -8 53400 49432 3 4 o7 76400 3 5 6 51400
6 2 1 130400 o 3 48000 T3 -4 29400 17,32 3 4 <6 95,00 o s 7 1800
& 2 2 246400 13 49,00 T 3 =3 122460 120,57 3 4 =8 119400 1 5 -8 20400
6 2 23 36000 12 40400 7T 3 =2 170000 206,75 3 4 <4 139,00 1 s a7 22400
6 2 4 65000 1 32400 T 3 el 30460 29456 3 4 <3 170400 I s -8 27000
¢ 2 3 45400 o3 118+00 7T 3 0 102,00 118,94 3 4 =2 58400 15 a4 81400
6 2 & 68400 12 159400 7 3 1 54400 S6e21 3 4 =l 90400 1os = 24400
6 2 7 66¢G0 13 40460 T 3 2 84400 97,64 3 4 0O 13400 15 =2 102400
6 2 o 25400 13 149400 T 3 2 40400 60,76 3 4 1 13700 1 s 101400
7 2 ell 27400 PR 176400 L 46,86 3 & 2 50400 15 83400
7 210 65400 1 28400 7T 3 5 99,96 3 4 2 93400 185 2 137,00
7T 2 -9 22400 1 100460 T 3 8 32,585 3 4 4 83400 [ 74400
7T 2 -3 62400 13 183400 & 3 .10 16,54 3 4 3 90400 [ 71eU0
T 2 -7 13 117400 8 3 a9 82,29 3 4 & 18400 1 s e 79460
7T 2 . 1 264420 A3 a8 65,76 3 4 7 37400 1 s 7 43400
T 2 -8 13 1a44c0 s 3 a7 36,15 3 4 B 26400 2 3 44400
7T 2 e 13 47.0C 8 3 -8 115,49 4 4 =9 111400 2 5 -7 67400
k4 2 -3 1 3 142400 - 3 -5 147,59 L3 4 =8 5Ce00 2 5 a6 86400
7 2 -2 i 88400 [ 20,7t 4 4 =T 15100 2 5 -5 40460
T 2 e 13 93400 & 3 -3 110,448 4 4 =8 99400 2 5 =4 149.60
T 2 o0 13 25400 & 3 w2 82,62 4 4 o8 31400 2 5 -3 72.0C
7 2 1 1 3 47,00 8 3 -1 184,12 . 4 4 73.00 2 5 =2 T400
T 2 2 [ 41400 s 3 o 10v,53 4 4 <=3 174400 2 8 o 45400
T 2 2 2 3 51400 L B 67,31 4 4 =2 106e00 2 5 0 1e%.0?
T 2 4 2 76400 a 3 2 4,84 4 4 a1 94460 2 s 1 SAsL0
ry 2 5 2 3 45400 8 3 2 111,58 4 4 31400 2 5 2 66400
b4 2 3 2 3 87400 8 3 4 124,73 4 4 3 129400 2 5 2 20,00
T 2 7 2 169400 9 3 =10 39,71 ¢ 4 2 92400 2 5 4 139400
[ 2 209400 9 3 -9 31,07 4 4 23 52400 2 5 s 26.40C
s 2 2 2 193,00 9 3 -8 49,24 4 4 4 28400 2 5 & 3tlco
1) 2 2 3 102,400 9 3 -7 54,57 4 . 6 97400 3 5 <8 42400
s 2 2 2 241460 3 -6 94,54 4 4 7 31400 3 5 -7 17400
s 2 2 2 127400 9 1 8 73,00 5 4 =9 10700 3 s s 56420
¢ 2 2 3 365400 [ 84,26 5 4 -8 71400 3 5 o8 70400
s 2 2 172400 3 -3 123,60 5 4 o7 31400 3 s -4 127,00
s 2 2 3 88,00 v 3 =2 176,98 5 4 -6 56400 3 5 -3 68400
8 2 2 3 58,00 ° 3 -l 73,94 5 4 o5 162400 k] 5 2 149409
] 2 2 3 129400 9 k] 0 45,91 5 4 =4 T6eu0 3 5 al 84eUD
8 2 2 3 157,00 189,93 9 3 1 51,37 5 4 =3 85400 3 s o 21400
0 2 2 3 143400 148,40 ¢ 3 2 72,90 5 4 =2 107400 3 s 1 7500
[} H 2 3 79400 70,66 9 3 3 64,74 s 4 ol 97400 3 s .2 45,00
s 2 2 3 46400 46,32 9 3 e 40,80 5 4 172400 3 s 3 83400
s 2 2 3 83400 68,21 10 3 -9 26,85 5 4 | 86400 3 s s $2460
2 3 3 58400 44490 10 3 -8 49,69 5 4 2 38400 4 5 -7 45400
e 2 3 3 37400 26,42 10 3 7 12,59 5 4 23 43400 4 5 e 36000
8 2 3 2 71400 63,43 10 3 5 26,78 5 4 4 106400 4 s 5 50400
s 2 E I 10 3 -4 72,87 5 4 5 29400 4« 5 -a 88.C0
[ E] o3 e 53,53 5 4 6 27400 4 5 3 95460
2 F ] 10 3 -2 6,20 5 4 7 22400 4 5 22 48,00
. 2 3 3 10 3 -1 103,28 3 4 <9 37.00 . 5 =1 84400
y 2 3 3 10 3 ¢ 83,06 6 4 -2 85409 4 5 U 85.C0
[ 3 3 0 3 16,38 & 4 .7 83400 4 5 36400
y 2 3 3 10 3 2 41,21 & 4 b 47400 « 3 2 26410
[ 3 3 10 3 3 32,86 6 4 <5 104400 4 5 3 74400
9 2 4 119400 134,37 3 3 16 3« 23,36 6 4 <4 116400 « 5 s 57400
9 2 3 114400 109,05 3 3 113 .8 9,84 6 4 =3 141400 4 s s 27,00
® 2 =2 178400 208,25 3 3 113 .7 S1,78 6 4 a2 34,00 § 5 o 3zac2
y 2 -l 41400 33.% 3 2 13 s 6le92 & 4 <1 81400 5 5 a7 29400
* 2 [ 3 3 I3 3 -5 94,5] 3 . o 38400 5 5 et 42000
¢ 2 1 3 3 13 2 60,27 & 4 1 84400 5 5 =3 46400
» 2 2 3 3 113 .2 66,26 6 4 2 65400 5 5 1 58400
s 2 3 3 13 3 -l 93,06 & 4 3 94400 & 5 3 195G
s 2 4 3 3 1t 3 o 42,17 o 4 4 39460 5 5 2 59.00
[T 4 3 o3 31430 & 4 B 27400 5 5 4 77euts
[} L] a2 70,08 & 4 & 31400 5 5 5 ACe0D
10 2 . 3 12 3 -7 48,38 k4 4 -9 52400 [ 5 -7 23000
10 2 4« 123 -6 52,89 7 4 .8 67400 6 5 «6 ste00
o 2 4 3 12 3 =5 33,57 7 4 a7 42400 6 5 5 s54.0C
10 2 4 2 12 3 -4 56,72 7 4 s 91400 6 5 =2 117400
10 2 4 3 t2 3 - 110,46 7 4 o5 59400 6 5 a1 84400
0 2 « 3 12 3 -2 414864 7 4 <4 111400 6 5 © 85400
10 2 4 3 12 3 el 55,19 7 4 3 127400 ° s 1 54460
10 2 L} 3 12 3 o 51460 T 4 =2 57400 6 s 2 43000
10 2 4 2 12 3 1 7156 7T 4wl 84,00 e 5 3 15000
10 2 4« 2 13 3 -5 60,70 ¥ 4 © 31,00 I ) 36400 51404
10 2 4 3 13 3 -4 75,63 7T 4 1t 44400 o & 1 76400 78,95
10 H 4 3 n 3 -2 75,74 7 4 2 27,00 0 [ 2 27.00 32,13
1o 2 4 3 0 4 [} 83,83 7 4 3 44,00 v 6 23 50400 57,17
10 2z 4 3 o 4 1 100,59 7 4 4 41,00 ] 3 4 2100 33,79
10 2 4 3 o L] 2 81,431 7 4 5 37.00 ] 6 s TelO 4,70
10 2 4 3 [ 4 3 196,37 L) 4 -9 49,00 1 6 o8 21000 43,54
12 4« 3 0 4 4 73,90 8 4 B 56400 1 6 =2 354060 20,64
u o2 4« 2 o 4 5 67419 &8 4 a7 82400 1 e el 73400 56,08
12 s 3 0 4 & 94,95 8 4 b 36400 [ 79400 81,51
1" 2 s 3 0 4 7 83,7 L) 4 <5 80,00 1 ) 3 67400 57,12
1 2 5 3 bl 4 8 74,31 8 4 -4 64400 ] 3 4 66400 64,30
1 2 s 3 [ 4 £ 4 25,38 [ 4 2 92,00 2 6 =4 28400 24,43
1 2 s 3 1 4 =9 105428 8 4 =2 32400 H 6 =3 52,00 57486
no2 s 3 o5 1 4 =2 33,06 & 4 ot 95,00 2 e = 34400 35,64
n 2 5 FIY 1 4 -7 87,99 s 4 [3 76400 2 6 O 36400 30,61
no2 5 3 a3 14 e .25 6 4 1 75400 2 6 2 44400 51,79
12 s 3 -2 1 a4 -5 191,74 6 4 2 48400 2 6 3 26400 23,95
1 32 5 3 -l 1 4 =4 124,93 8 4 L} 35400 2 s 4 44000 46,496
1no2 s 3 o0 1 4 & 232,35 9 4 a8 44400 3 8 5 12400 15473
noo2 s 3 1 1 4 a2 48,35 9 4 a7 35400 3 b =4 21400 20427
122 5 3 2 14 - 216427 9 4 =6 61400 3 e -t 79000 82,14
2 2 s 3 2 1 4 0 148,54 9 4 5 30,00 3 & O 27400 28,29
12 2 s FE 1 . 1 61,07 9 4 =3 93,00 3 6 1 32400 208,35
12 2 s 3 5 14 2 88,26 9 4 -2 75400 3 s 2 24000 31,37
1’ 2 5 3 & [ ] 67,99 9 4 <1 105400 3 e 2 32400 57,65
12 2 5 3 7 37400 45,22 1 &4 4 110,986 9 4 O 25400 4 s =5 24400 35,28
12 2 s 3 8 19400 20,79 | 4 s 85,81 e 4 1 65400 4 6 -4 27460 22,74
12 2 [y 3 -10 60400 50,10 1 4 [ 56,02 9 4 2 74,00 4 s 3 53400 55,38
12 2 6 3 =9 31400 18,69 1 & 7 46,19 9 4 23 9,00 4“ & 2 15000 34,68
12 2 [y 3 =8 38400 81,89 1 4 s 77473 10 4 7 22400 L} [y o 22400 28,87
13 2 6 3 a7 68400 62,98 2 4 -9 39,07 40 4 .5 25400 4 6 1 71ev0 7848C
132 6 3 =6 125400 126416 2 4 =B 5991 10 4 o4 88460 4 8 2 3te03 29,1
12 2 6 3 5 127400 123,98 2 4 o7 72,% 10 4 =3 43400 4 & 2 22400
2 6 3 <4 126400 126,93 & 4 =& 44,51 10 4 <2 (e 5 6 et 33460
132 o 3 -3 27400 16,05 2 4 =5 56441 10 4 =l 34400 5 & =3 27400 27,01
13 2 6 3 -2 153400 163,59 2 4 =4 64,30 ke 4 < 33ty 5 6 =2 43400 51,94
1> 2 6 3 et 119400 116,64 2 4 =3 145,08 19 4 1 46e0u0 > & =1 26400 33,39
13 2 A 3 © 3450 .02 € 4 =2 118,45 12 . 2 19,00 5 L) i 3500 3,50
14 2 6 3 1 52457 44,03 2 4 =1 75,88 11 4 -8 35,00 2 & -3 22469 40,74
14 2 s 3 2 56002 34,08 2 0 2 12429 11 4 a5 27400 L 4 =2 27400 38,50
14 2 6 3 3 41.CC 47,04 2 4 1 4&0C 47435 11 4 =4 1200 ° 5 =1 38647 e7.28
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Table 2. Positional and vibrational parameters
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The numerals in parentheses are 104 times the estimated standard deviations of the positional parameters. The vibrational
parameters, U, are mean square vibration amplitudes (A2), with estimated standard deviations ~0-002. The hydrogen parameters
are those used in the structure factor calculation; they have not been refined.

S(1)
S(11)

C(3)
C(13)
)
c(12)
C(n
(1)
N(1)
N(11)
o(1)
o(11)

* y of S(1) was not refined, since the origin along y is defined by it.

X
0-0947 (3)
0-9194 (3)

0-1960 (9)
0-8370 (10)
0-3286 (8)
0-6969 (8)
0-3439 (8)
0-6454 (8)
0-3918 (7)
0-6437 (7)
0-3970 (6)
0-6253 (6)
0-3004 (6)
0-6260 (7)

0-383
0-163
0173
0:677
0-867
0-877

y
1-1768*
0-6101 (10)

1-0123 (23)
0-9005 (22)
0-9912 (19)
0-8745 (19)
0-8840 (18)
0-7849 (19)
1-2455 (16)
1-1261 (18)
1-0079 (15)
0-9523 (15)
0-6629 (17)
0-5519 (17)

0-833
0-787
0-080
0-773
0-987
0-987

z
0-1199 (4)
0-3244 (5)

0-2892 (11)
0-2770 (11)
0-2968 (9)
0-2145 (9)
0-1571 (9)
0-3317 (9)
0-3299 (8)
0-1563 (8)
0-0857 (7)
0-4154 (7)
0-1203 (7)
0-3405 (8)

0-370
0-270
0-345
0-125
0-325
0-185

+ Anisotropic vibration parameters of sulphur, relative to the crystallographic axes:

U2
S(1) 0-0300 0-0653
S(11) 0-0468 0-0614

AC24B-8

Uss
0-0573
0-0880

Uas
—0-0065
00182

U
0-0119
0-0317

U

i
T

0-030
0-028
0-020
0-018
0-016
0-016
0-016
0-022
0-020
0-022
0-031
0-031

0-018
0-018
0-018
0-018
0-018
0-018

Uiz

0-0024
0-0133

Fig. 1. The structure seen along the b axis.
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Crystal data

L-Cysteine, C;H,;NO,S, M. W.121. Monoclinic needles,
elongated along b. a=11-51+0-01, b=5-240 + 0-005,
c=9-517+0-01 A, B=109°8", V=542:4A3, Dp=
1-483 (by flotation), Z=4, Dcaic=1-483. Space group
P2,. Cu Ko radiation, u=61-1 cm1.

Experimental

Cell dimensions were determined from 40/ and Ok!/
Weissenberg photographs calibrated with copper
powder lines (@¢=3-615 A). The intensities of 1239 re-

THE CRYSTAL AND MOLECULAR STRUCTURE OF L-CYSTEINE

flexions were estimated visually from multiple-film
Weissenberg photographs of the layers 40/ to A4/ and
0kl to 6kl of crystals with cross section dimensions
~0-2 mm. Lorentz and polarization corrections, and
a spot-shape correction (Phillips, 1956) were applied,
and all the intensities placed on a common scale. 84
reflexions within these layers were too weak to observe.
Although the layers 7kl to 9kI were recorded, the re-
flexions were very blurred; we presume that this crys-
tal was decomposing — by air oxidation to cystine.
This decomposition slightly affected the layers 5k/ and
6kl, but elsewhere the reflexions were sharp, with no
blurring and no suggestion of disorder.

Table 3. Interatomic distances, bond angles, and angles between planes

Bond lengths

S(1)-C@3) 186 A
C(3)-C(2) 1-51
Cc)-C(1) 1-51
C(2)-N(1) 1:50
C(1)-0(1) 124
C(1)-0(2) 127

Bond angles (6=0:8—0-9°)

S(1)-C(3)-C(2) 114-4°
C(3)-C(2)-C(1) 1132
C(2)-C(1)-0(1) 1207
C(2)-C(1)-0(2) 1158
C(3)-C(2)-N(1) 1110
C(1)-C(2)-N(1) 109-1
O(1)-C(1)-0(2) 1234

c
S(11)-C(13) 1774 0-012
C(13)-C(12) 1-53 0-014
C(12)-C(11) 1-50 0-013
C(12)-N(11) 1-48 0-012
C(11)-0(11) 1-26 0-012
C(11)-0(12) 1-25 0-012
S(11)-C(13)-C(12) 115-5°
C(13)-C(12)-C(11) 111-2
C(12)-C(11)-0(11) 1169
C(12)-C(11)-0(12) 1186
C(13)-C(12)-N(11) 108-6
C(11)-C(12)-N(11) 109-9
O(11)-C(11)-0(12) 124-5

Hydrogen bonds and close contacts between charged groups

N()---0(11) at X, ¥ z 297 A
N(1)---0(11) at 1-x,3+y, 1—2z 272

N(1)---0(2) at x, 1+, z 291

N(1)---0(12) at x, 1+y, z 3-11

N(11)---0(1) at X, ¥ z 2:77

N(11)---0(12) at x, 1+, z 2-89

N(11)---0Q) at 1—-x,++y, —z 2:97

N(1)---0Q2) at 1—-x,44+y, —z 291

Environment of sulphur atoms

S(1)- - -S(1) at —x, £3+y, —z 3-68 A (two)
S(1)---S(11) at —1+x Y, z 4-38

S(1)---S(11) at  —1+4+x, 1+y, =z 3-95

S(1)---0(2) at x, 1+y, =z 348

S(11)- - -8(11) at 2—x, ti+y, 1~z 417 A (two)
S(11)---S(1) at 1+x, ¥, z 438

S(11)---S(1) at 1+x, 1+, z 395

S(A1)---0(12) at X, ¥, z 3-44 (intramolecular)
Other intermolecular distances less than 3-3 A

C(2)--+-0(11) 323A

C(11)---0(1) 3-26

Dihedral angles, between planes of

o(1), C(1), C(2) and C(1), C(2), N(1) -3-0° w2*
o(11), C(11), C(12) and C(11), C(12), N(11) —36°1 w2
N(), C(2), C(3) and C(2), C(3), S(1) 72:6 x1*
N(11), C(12), C(13) and C(12), C(13), S(11) —-1701 x1
C(1), C(2), C(3) and C(2), C(3), S(1) —50-'5

C(11), C(12), C(13) and C(12), C(13), S(11) 676

* The signs, and symbols 2, x1 correspond to those used by Lakshminarayan, Sasikheran & Ramachandran (1967).
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Solution and refinement of the structure

There are two cysteine molecules in the asymmetric
unit. Solution of the structure from the three-dimen-
sional sharpened Patterson series was not entirely
straightforward. One sulphur atom was found cor-
rectly but the vector peaks from which a second posi-
tion was deduced apparently arose from chance coin-
cidences of oxygen vectors. The correct position for
the second sulphur atom was found only after several
electron-density distributions and Patterson superposi-
tion functions had been calculated. The remaining
non-hydrogen atoms were located, and their positions
adjusted by difference Fourier series until R reached
0-33.

Some refinement was done with a least-squares
program using the block-diagonal approximation, but
on account of the near special relationship between the
two molecules in the asymmetric unit (see discussion)
this approximation was poor. This refinement con-
verged with R=0-15 and indicated some unreasonably
anisotropic vibrations and unreasonable bond lengths.
A difference electron density series calculated at this
stage showed, by peaks and hollows of magnitude up
to 2 e.A-3 near sulphur and 1 e.A-3 near other atoms,
that the positional and vibrational parameters were
still not quite correct; but there were no other features
greater than 0-75 e.A-3. Subsequently the full-matrix
least-squares program of Busing, Martin & Levy
(1962) was used. Six hydrogen atoms were included in
the structure factor calculations but their positions
were not refined. Form factors were taken from Inter-
national Tables for X-ray Crystallography (1962); the
real part of the anomalous dispersion correction was
made to that of sulphur; the oxygen atoms were treated
as O1/2-, For weighting purposes o(]F|) was taken as
0-025 |F| when |F| =80 and 160/|F| when [F| <80, ex-
cept that reflexions with k=0 or k >4 were given twice
these ¢ values since their measurements seemed less
reliable. Assuming isotropic vibration for all atoms

Fig.2. The structure seen along the ¢ axis.
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except sulphur the parameters converged, with R=
0-127; the largest shift in the last cycle was two-thirds
of the corresponding standard deviation, estimated
from the least-squares matrix.

Results and discussion

Observed and calculated structure amplitudes are
given in Table 1, positional and vibrational param-
eters in Table 2, and interatomic distances and angles
in Table 3. The structure is illustrated in Figs. 1
and 2.

The two cysteine molecules in the asymmetric unit
have different conformations, as shown by the dihedral
angles in Table 3. The signs, and the names w2 and
x1 correspond to those used by Lakshminarayanan,
Sasisekharan & Ramachandran (1967), with whose
tabulated data on amino acid conformations the pre-
sent values may be compared. In the second molecule
(atoms with numbers greater than 10) the C-N bond
is twisted out of the plane of the carboxyl group so
that N(11) is 0-82 A from this plane, whereas in the
first molecule N(1) is only 008 A from the plane.
However, both these torsion angles about C-C, lie
within the range found in other amino acids. Further,
the first molecule has the more common cis conforma-
tion around the bond C(2)-C(3) already found in
L-cystine and various derivatives whereas in the sec-
ond molecule S(11) is trans with respect to N(11).
Presumably this allows a more satisfactory packing in
the crystal lattice. Perhaps it is significant that S(1)
makes a close intermolecular contact, 3-48 A, with an
O(2) whereas S(11) is able to make a close intramolec-
ular contact, of 3-44 A, with O(12). Some (0-02
A) of the large difference between the C-S bond
lengths, which lie on either side of the expected
value, may be due to a ‘polar dispersion error’
(Cruickshank & McDonald, 1967) in the sulphur
coordinates. No other explanation can be found,
but we think it must be the result of some syste-
matic error in the data, rather than a real difference
between the molecules. Otherwise the bond lengths
in the two molecules are not significantly different
from each other or from those in analogous com-
pounds.

The molecules are arranged in the crystal lattice in
layers parallel to (100); on one side of the layer are
—COO~and —NH;t groups, held by hydrogen bonds
and electrostatic interaction to similar groups in the
adjacent layer. On the other side are the —SH groups,
each of which makes van der Waals contacts with
other sulphur atoms (Table 3).

Within the asymmetric unit there is an approxi-
mate twofold symmetry axis, along 4,y,4, relating all
the atoms, except sulphur, of the first molecule to
those of the second molecule. In the b-axis projection
the average deviation from this extra twofold symme-
try is 0-4 A, and the sulphur atoms are consistent with
it; the second molecule is displaced ~0-5 A down the
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b direction relative to the first, but its sulphur atom is
displaced by b/240-3 A. These relationships are prob-
ably responsible for the difficulties encountered in
solving and refining the structure.

We thank the S.R.C. for financial support, and for a
research studentship (to H.A.L.). The computations
were done on the Atlas computer of the S R.C., and
the KDF9 computers at Glasgow and Edinburgh Uni-
versities; we thank the staff of each for assistance,
and we are grateful to Drs G. S. Pawley, R. Dia-
mond, and L. E. Hodgson for the use of computer
programs.
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The Crystal Structures of Niobiuni(III) Selenide and Tantalum(III) Selenide
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The crystal structures of the monoclinic phases Nb,Ses (@=6-503, b=3-434, c=9-215 A; #=103-39°)

and Ta,Se; (a=6495, b=3-408, c=9-206 A

3 B=103-63°) have been determined and refined from

single-crystal data. All atoms are in the special position 2(e): + (x}z) of space group P2:/m. The metal
atoms are in octahedral holes of a chh close packing of selenium, but the structures are deformed in
such a way that zigzag metal-metal chains are formed. These chains are of two kinds; the metal-metal
distances in half of the chains are comparable to those in the pure metals, in the other half of the chains
the distances are considerably longer. In the isotypic phase Mo0,S3; short metal-metal distances are

found in all chains.

The phases Nb.Se; and Ta,Se;

In our study of the system Nb-Se (¢f. Selte, Bjerkelund
& Kjekshus, 1966) we found needle-shaped crystals of
a new phase (together with polycrystalline material of
the same phase) in samples of compositions around
Nb,Se; that had been prepared by heating the mixed
elements at 1000-1200°C, followed by quenching to
room temperature (Huisman, Kadijk & Jellinek, 1967).
Weissenberg diagrams showed the phase to crystallize
in the monoclinic system, the needle axis coinciding
with the b axis. In a sample of composition Nb;.3sSe,
the new phase was contaminated by Nb;Se, (Selte &
Kjekshus, 1964a), while a sample of composition
Nb;.33Se, contained a trace of 2s(a)-Nb;+2Se, (Kadijk,
Huisman & Jellinek, 1964; Selte & Kjekshus, 1964b)
in addition to the new phase. The unit-cell dimensions
of the new phase were not significantly different in the
two samples. This indicates that the homogeneity range
of the new phase is very narrow and that its composi-
tion is very close to Nb,Se;. The phase is a metallic
conductor.

Needles of the corresponding tantalum selenide
Ta,Se;, together with polycrystalline material, were

obtained by heating the mixed elements at 1140°C and
quenching to room temperature (Huisman ez al., 1967).
The unit-cell dimensions determined at room tempera-
ture from diffractometer data with the use of Cu Ka
radiation (Ae; =1-54050 A) and silicon (a=5-4306 A)
as internal standard are:

Nb,Se; a=6-503, b=3434, c=9-215 A; f=103-39°
Ta,Se; a=6-495, b=3-408, c=9-206 A; f=103-63°.

Assuming unit-cell contents of Nb,Ses and Ta,Seg the
densities are calculated as 7-012 g.cm™=3 and 10-040
g.cm™3 respectively, which are reasonable values.

The phases Nb,Se; and Ta,Se; may correspond to
y-Nb;.3Se, and p-Ta;.;Se, mentioned by Revolinsky,
Brown, Beerntsen & Armitage (1965), although the
latter phases were thought to possess layer-like struc-
tures.

Structure determination

The axial ratio a:b:c¢ and the angle £ of Nb,Se; and
Ta,Se; are very similar to those of monoclinic Mo,S;
(Jellinek, 1961, 1963) as is evident from the following
table:



