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The structure of L-cystine dihydrobromide has been determined by a statistical method and refined 
by means of two-dimensional difference syntheses. The unit cell is orthorhombic with 

a=17"85, b=5.35, c=7.48 /~, 

space group P2t221. The precision of the structure has been evaluated, and the general features 
compared with those of other structures containing the cystinyl group. 

Aqueous acid solutions of cystine have an unusually 
high specific rotatory power (Toennies, Lavine & 
Bennett, 1936). The configuration of the cystinyl group 
in solids may give information bearing on this anom- 
alous behavior. Furthermore, the possible configura- 
tions of this group under varying conditions will be 
helpful in protein model building. For these reasons 
we have determined the crystal structure of L-eystine 
dihydrobromide. 

Exper imenta l  

Crystals of L-cystine dihydrobromide, 

S. CH~.. CH(NH2. HBr)COOH 
I 
S. CH2. CH(NH~. H B r ) C 0 0 H ,  

satisfactory for collecting X-ray diffraction data were 
grown from an aqueous HBr solution of L-cystine by 
slow evaporation of the solvent at room temperature. 
The crystals frequently grow as needles elongated 
along b, outlined by (lO1) and {100} and terminated 
by {110} and {010}. 

Unit-cell parameters were determined from Weissen- 
berg and oscillation photographs and found to be: 

a = 17.85, b-- 5.35, c-- 7.48 A ,  

based on Cu K a / t =  1.5418 A. The unconventional 
orientation to which this choice of axes corresponds 
was used to preserve simplicity in comparing with 

* Present address: Cavendish Laboratory, Cambridge 
University, Cambridge, England. 

L-cystine dihydrochloride (Steinrauf, Peterson & Jen- 
sen, 1958). 

The only systematic absences of reflections were 
h00 for h odd and 00l,for 1 odd. I t  was assumed, 
therefore, that  the space group is P21221. For 2 
molecules per unit cell the calculated density is 1.869 
g.cm.-~; observed by flotation, 1"870 g.cm. -~. 

Intensities on unidimensionally integrated Weissen- 
berg photographs were measured with a microdensito- 
meter (Jensen, 1954) and recorded with a logarithmic 
slide wire recorder. Within the linear response range 
of the film, the area under the recorder tracing is 
proportional to the integrated intensity. 

The crystals are elongated along b and are of suf- 
ficiently uniform cross section as obtained from 
solution so that  specimens may be chosen which yield 
satisfactory hO1 data. To obtain good hkO data, how- 
ever, it was necessary to cut the needles. This was 
done by cutting a rough section with a razor blade and 
trimming with the solvent saw shown in Fig. 1. 
Elaborate devices have been described (Maddin & 
Asher, 1950; McGuire, 1949), but the ease of cutting, 
the general versatility and the small expenditure of 
time necessary to set up a simple apparatus are 
probably not generally appreciated. 0nly about two 
hours were required to assemble the necessary pieces 
of apparatus, and about half an hour was sufficient 
to cut a good cylinder 0.2 ram. in diameter. Because 
of the relative hardness, grinding would probably 
have worked equally well for crystals of L-cystine 
dihydrobromide, but for soft crystals such as many 
paraffin chain compounds grinding fails completely 
while the solvent saw works well. 
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In i t ia l ly  some diff icul ty m a y  be experienced in 
using the simple form of the appara tus  shown in Fig. 1. 
However, if the solvent and the distance of the crystal  
from the solvent are varied, i t  is quite easy s imply by 
moving the Er lenmeyer  flask to regulate the position 
of the string so tha t  cutt ing and t r imming  operations 
proceed smoothly. 

Motor ) ~  

~1 ~ ~ Crystal 
. . . .  , ~ , , "  . . . . . . . . . . . .  " B - ~ - - ' ~ ,  

I r4 . . . . .  ~,~,~,w,~,~,'~ ;i . . . . . . . . . . . .  vJ ] 

lescope 

~ ' / / / / / / / i / / / / / / / / / / ~  

Fig. l. Solvent saw. 

A useful modificat ion of this device m a y  be made  
by  adding a motor  to rotate the crystal.  I t  is con- 
venient  to mount  the crystal  in the usual  goniometer 
head so tha t  i t  m a y  be al igned by  appropriate  X- ray  
means before being cut in such a lathe. 

D e t e r m i n a t i o n  of the  s t r u c t u r e  

The hO1 intensit ies were scaled in the usual  way (Wil- 
son, 1942) a l though this was unnecessary for the sub- 
sequent solution of the structure. 

I t  was decided to a t t empt  a direct solution of the 
s tructure projected on (010) by  the statist ical  method 
based on Sayre 's  equat ion (Sayre, 1952; Zachariasen, 
1952). Al though this structure does not  have equal  
atoms, a fundamenta l  assumption in Sayre's  deriva- 
tion, we m a y  look at i t  from the s tandpoint  of the 
single heaviest  a tom per asymmetr ic  uni t  as constitut- 
ing a simple 3 parameter  problem. I t  is legi t imate to 
consider the C, N and 0 atoms as negligible, but  the 
S a tom with almost  half  as m a n y  electrons as B r -  
would be expected to per turb the statistics. 

A solution was a t t empted  by  writ ing down the 30 
most intense reflections, and the signs of two ap- 
propriate ones were chosen arbi trar i ly.  From these, 
signs were determined as + ,  - or + a where a m a y  
be + or - .  ~To relation was found among these most 
intense reflections by  which a might  be determined.  
From the space group, i t  is clear tha t  in projection on 
(010) no two atoms can lie wi thin  an atomic radius 
of the points 0, 0; 0, ½ ; ½, 0; ½, ½. This offered a possible 
rapid  and  simple means  of choosing the appropriate  
sign of a. The 30 F ' s  for the two possible values of a 
were added together with the appropriate  al terat ion 
of sign for each of the above four points. One of the  
signs for a gave dramat ica l ly  bet ter  results t han  the  
other, i.e. low electron densi ty  at  all four points. 
Only one of the 28 direct ly de termined signs sub- 
sequent ly  proved to be wrong. Fig. 2(a) shows an Fo 
synthesis  based on the 30 most  intense reflections. 

A set of s tructure factors was calculated assuming 
the highest  peak to be Br -  and the next  highest  to be 
the S atom (indicated by  + in Fig. 2(a)). In terpola ted  
values were used for f s  (Steinrauf, Peterson & Jensen,  
1958), and  for convenience in calculating on the I.B.M. 
type  604 electronic computer  fB~-was taken  as equal 
to 2fcl-.  This resulted in a rel iabi l i ty  index R = 37.9 %. 
Fig. 2(b) shows the Fo synthesis based on the signs of 
the first Fc. The electron densi ty  in the two heavier  
atoms and  the electron dis t r ibut ion over the rest of 
the map  is much  improved.  Another  set of s tructure 
factors was then  calculated on the  basis of the Br- ,  
the S atom and five l ight atoms assumed to be N atoms 
(indicated by  + in Fig. 2(b)). R decreased to 25.7 %. 
Fig. 2(c) shows the th i rd  Fo synthesis  based on the  
signs of these Ft. At this stage the molecule is obvious, 
and it  is no longer possible to avoid assigning C, N 
and  0 atoms, Fig. 4(a), (b)). 

Three addi t ional  cycles of ref inement  using 3 F  
syntheses (Cochran, 1951) reduced R to 13.3%. I t  
was clear at this point  tha t  assuming the electron 
densi ty  of Br -  equal to 2 C1- was sufficiently in error 
so as to impede the progress of the refinement.  From 
this point  on, s tructure factors were calculated using 
Internationale Tabellen (1935) values for Br a tom 
without  dispersion, interpolated values for the S atom 

a14.,_ ~ 

io c 

(a) (b) 

L: 

<. ,..., "..:::, 

¢:_-D ...... (" 

C" o -..::  ? .,'-,,, ,': ,, 
t"~ '°°% "r°-'~' -7 

Fig. 2. Initial F o syntheses. Positive contours solid, zero and negative broken. Contour interval 3 e.A -2. Contours for electron 
densities exceeding 15 e.A -2 omitted. (a) Syntheses using 30 most intense Fo and signs determined statistically. (b) Synthesis 
using all Fo and signs determined by Br- and S atom. (c) Synthesis using all Fo and signs determined by Br-, S atom 
and 5 lighter atoms assumed to be nitrogen. 
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i ' ' " ' , ! < , i i  < 

.G- ) .. . . . . . . .  '-- 

l . . . .  ' _ .  " % ' - .  " % .  

7 c: 

(rt) (b) 

Fig. 3. Final  Fo syntheses.  Posit ive contours  solid, zero and  negat ive  broken.  Contour  interval  2 e.A -e. 
Contours for electron dens i ty  exceeding 12 e./k -~ omit ted.  

b~ 

b 
o . s  b . I' ,.. O i ~ . , ,  

~ ~  ..... i' 0 ~~13 ,,:, 2 . . ~ , , ,  . , ; ; :  ; ;  , ,  
~ U ..'o' t ° )  " ;u ' i  k~  , "  M ',-' 

a/t~- --~14 " ' ;  ~i 1"16 ""  

Ca) (b) 

Fig. 4. Final AN syntheses. Positive contours solid, negative broken and zero contour omitted. Contour interval, 0.5 e./k --~ 

and McWeeny values for the H, C, N and 0 atoms 
(McWeeny, 1951). F inal  Rh0z=7"l% if unobserved 
and three seriously ext inguished reflections are 
neglected. 

Relat ive  y coordinates were assigned from approx- 
imate  expected bond lengths and the x coordinates 
from the projection on (010). The approximate  position 
of the molecule was determined from packing con- 
siderations and a few low index weak or intense 
reflections. Ref inement  proceeded through Fo and 
d F  syntheses. F inal  Rh~0=7"lTo if unobserved and 
eight ext inguished reflections are neglected. Final  Fo 
a n d / I F  maps  are shown in Figs. 3 and 4. 

Hydrogen atom coordinates were chosen on the basis 
of a model f i t ted to the I t  a tom peaks of the appro- 
priate A F  synthesis. Peaks appeared for all H atoms 
al though their  height  and position are much poorer 
t han  for a structure containing only C, N and 0 atoms 
in addit ion to H atoms. I t  is worth noting, however, 

that without taking special precautions in collecting 
the in tens i ty  data,  the H atoms did show even though 
well over half  the electrons are associated with the 
Br -  and S atom. 

Of the 283 reflections for the two zones, nine were 
sufficiently extinguished to be ignored and 42 were 
unobserved. From the remaining 232, 24 positional,  
14 t e m p e r a t u r e  f a c t o r  a n d  t w o  sca le  p a r a m e t e r s  w e r e  
determined. Thus there are 5.8 observations per para- 
meter. 

Observed structure factors and final Fc are listed 
in Table 1. Fh0z have been calculated from the coor- 
dinates of Table 2 which are referred to an origin on 
121 in the plane of 2121. For convenience Fn~o have 
been calculated using as origin x = - ¼ ,  y = 0 .  Bond 
lengths and angles appear  in Table 3. 

Indiv idual  atom anisotropic tempera ture  factor 
parameters  were determined for the Br -  and S atom 
from the later ~IF syntheses and appear in Table 4. 
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hkl Fo Fc 
200 21"7 21"7 
400 67"2 -- 102"8 
600 98-1 -- 185"6 
800 11"8 16"6 

10,0,0 43"4 44"8 
12,0,0 72"6 80-7 
14,0,0 32"8 - -31"8 
16,0,0 14"5 -- 9"3 
18,0,0 37"1 - -39"8 
20,0,0 31"0 31"1 
22,0,0 < 3-4 4"6 

010 40"8 - -46"3 
110 24"2 22"3 
210 22"2 19-0 
310 72"6 - -109"8 
410 24"2 - -21"0 
510 7"8 -- 9"7 
610 25"3 26"2 
710 28"7 28"7 
810 34-3 --38"3 
910 71"2 89"6 

10,1,0 49"8 52"2 
11,1 0 16"0 --16"3 
12,1 0 13-6 -- 8"9 
13,1 0 32 '9  - -31"8 
14,1 0 7"3 3"0 
15,1 0 49"4 --52"2 
16,1 0 25-7 - -25-8  
17,1 0 29"5 31"2 
18,1 0 < 5 " 5  6"7 
19,1 0 18"8 20"1 
20,1 0 7"5 -- 4"9 
21,1 0 22"1 23"5 
22,1 0 16"7 16"8 

020 71"0 --90"9 
120 57"4 - -69"5 
220 45"6 - -46-3  
320 13"9 -- 14"8 
420 49"9 51-5 
520 25"4 - -26"4  
620 70"5 77"1 
720 71"2 8 I ' 4  
820 12"2 1 I ' 4  
920 19"2 - -20-9  

10,2,0 46"6 - -44"2 
11,2,0 18"0 18"4 
12,2,0 39"3 - -39"3 
13,2,0 51"1 - -46"9 
14,2,0 <5"7  5"3 
15,2,0 < 5 - 8  1-1 
16,2,0 27"0 27"6 
17,2,0 < 5 " 5  -- 3"2 
18,2,0 I6"4 13"5 
19,2,0 31"9 32"5 
20,2,0 6"0 -- 7"4 
21,2,0 8"3 -- 9"3 

030 30"6 - -26-1  
130 53"1 56"1 
230 33"6 - -34"0 
330 14"4 14"3 
430 55"8 58"0 
530 10"0 8"4 
630 20-8 20"8 
730 48"3 --50"2 
830 15"2 14"0 
930 13"4 -- 7"7 

10,3,0 61"I - -62"7 
11,3,0 7-3 -- 2"9 
12,3,0 8-5 -- 6.8 
13,3,0 45-3 43.3 
14,3,0 8.1 8-7 

T a b l e  1. Observed and calculated structure factors 

hkl 2"0 2"c 
15,3,0 5"7 2"9 
16,3,0 38"0 37"3 
17,3,0 < 5 " 0  2"3 
18,3,0 4"5 -- 2"9 
19,3,0 32"9 --34"1 
20,3,0 7.4 -- 6" 1 

040 11.8 -- 13.4 
140 23"1 22"6 
240 35"9 36"6 
340 45 '4  43"6 
440 32"3 -- 30"7 
540 21"9 20"4 
640 5.6 -- 4"6 
740 19"6 - -23-6  
840 20"9 --21"2 
940 37"1 - -37"8 

10,4,0 32"0 31"3 
11,4,0 <5"7  -- 6"9 
12,4,0 < 5 " 6  -- 0"7 
13,4,0 23.8 24.9 
14,4,0 13"6 13"8 
15,4,0 18"6 21"0 
16,4,0 25"4 26"0 
17,4,0 4.5 2.4 
18,4,0 7"4 8"6 

050 58"4 58"9 
150 12-8 12.7 
250 9"8 7"5 
350 18"4 16.0 
450 28"5 25"6 
550 10.6 9"0 
650 51"3 48"8 
750 7"7 6"8 
850 16"0 18"7 
950 7"8 7"7 

10,5,0 20.1 19"0 
11,5,0 9"1 10"1 
12,5,0 27.9 26.2 
13,5,0 8.6 9"5 
14,5,0 15.1 -- 16-6 
15,5,0 3"2 3"3 

060 5.1 -- 4.8 
160 9.3 -- 6-6 
260 < 4 - 8  -- I.O 
360 41.1 - -38 .9  
460 < 4.6 1.6 
560 < 4 . 5  -- 2.2 
660 < 4 . 3  0.7 
760 < 4 . 1  3.1 
860 < 3 . 8  2.6 
960 38.0 38.2 

10,6,0 < 3 . 1  1.6 
11,6,0 < 2 . 9  -- 5.3 

101 43"9 43-6 
201 34"3 33"0 
301 16.0 12"7 
401 49-5 - 50"0 
501 67-2 71"6 
601 39"6 - 3 6 " 1  
701 36.2 32"5 
801 59"3 62"9 
901 21-1 - 2 1 " 3  

10,0,1 15-7 -- 13.0 
11,0,1 32-7 26"1 
12,0,1 25.4 --21"1 
13,0,1 37"4 38"5 
14,0,1 61.5 60"2 
15,0,1 < 6 " 2  5"4 
16,0,1 < 6"3 -- 1"9 
17,0,1 17"0 13"0 

hkl 2'0 2"c 
18,0,1 26"6 - 2 6 " 9  
19,0,1 17"9 17"2 
20,0,1 31"8 33"0 
21,0,1 < 4 " 5  5"5 
22,0,1 < 3"7 4"4 

002 90-9 -- 109.8 
102 59"6 63.0 
202 29"0 26"4 
302 6"4 5-1 
402 43"7 45"3 
502 67"5 - 70.5 
602 81"0 - 85"2 
702 46-0 45"0 
802 13"2 11"4 
9O2 33"8 31"3 

10,0,2 65"5 68"6 
11,0,2 34"3 - 3 1 " 8  
12,0,2 41"2 - -40-7  
13,0,2 24.1 21"7 
14,0,2 29.6 - -29 .3  
15,0,2 31"6 32-1 
16,0,2 29"3 30"0 
17,0,2 13"2 - 13"7 
18,0,2 13"0 - 11.0 
19,0,2 < 5 - 5  3"8 
20,0,2 17"2 -- 18"3 
21,0,2 17-5 20"1 
22,0,2 13"9 14"4 

103 75-5 - 7 9 . 5  
203 46"5 - -45 -0  
303 16-9 14.4 
403 54-6 56.8 
503 13"5 -- 12"8 
603 14"0 12"5 
703 63"3 -- 64"7 
803 42-6 -- 42"6 
903 7"6 3"8 

10,0,3 30-5 26.5 
11,0,3 9-9 -- 9-4 
12,0,3 17"4 16.6 
13,0,3 53-3 - -51 .8  
14,0,3 28"7 - -28"0  
15,0,3 < 5 . 1  4"3 
16,0,3 9"3 8"1 
17,0,3 6"1 -- 8"7 
18,0,3 18-3 20.2 
19,0,3 36"5 - 4 0 " 2  
20,0,3 4.4 -- 7"2 
21,0,3 < 3"6 2-3 

004 14-0 10.7 
104 82"5 - -87"0  
204 36-2 - 33"1 
304 4"7 -- 2-6 
404 62.9 - -61 .9  
504 81 "6 84"8 
604 17"4 -- 15.0 
704 58"6 - - 5 7 . 4  
804 17"8 - 16"8 
904 21"2 -- 17.8 

10,0,4 41-0 -- 39"2 
11,0,4 44"9 42-8 
12,0,4 15"9 -- 16.4 
13,0,4 32.1 - -32-7  
14,0,4 12.1 -- 12"6 
15,0,4 23"9 - 2 1 . 7  
16,0,4 26"2 --25"1 
17,0,4 23"2 25.1 
18,0,4 8"7 -- 8-8 
19,0,4 < 4 " 4  -- 5"2 
20,0,4 < 3 " 6  -- 5"7 

105 24"1 22"3 

hkl Fo Fc 
205 < 5"4 3"4 
305 63"7 -- 64-0 
405 < 5"5 -- 3-6 
505 6-9 -- 0"3 
605 10"9 -- 10"5 
705 36"9 32"9 
805 < 6"1 -- 1"8 
905 61 "2 -- 60"6 

10,0,5 < 6"3 0"3 
11,0,5 26"4 --25"1 
12,0,5 11"4 - -11"6 
13,0,5 36-8 38"1 
14,0,5 < 6"0 -- 2"4 
15,0,5 21"8 --22"7 
16,0,5 < 5 " 3  -- 0"6 
17,0,5 20"1 --22"1 
18,0,5 11"9 - -13-2  
19,0,5 17"6 19"8 

006 38"1 28"4 
106 34"0 32-4 
206 < 6"1 1"8 
306 < 6-1 -- 2-0 
406 < 6"2 -- 3"5 
506 45"2 - -45"2 
606 22"1 17"5 
706 23"6 22"2 
806 < 6 " 3  3"1 
906 13"1 14"0 

10,0,6 < 6 " 2  1-8 
11,0,6 33"6 - -35"2 
12,0,6 18"7 14"8 
13,0,6 12-2 12"1 
14,0,6 < 5"3 -- 0"6 
15,0,6 14"5 18"0 
16,0,6 < 4 " 2  -- 2"6 
17,0,6 24"1 - -27"9 

107 20"7 -- 19"5 
207 22"6 20"8 
307 64-1 64"4 
407 16"1 -- 15"4 
507 12"5 10"4 
607 16"0 -- 12"5 
707 15"4 -- 17"2 
807 19"7 19"5 
907 39"8 44"4 

10,0,7 < 5"5 -- 4"8 
11,0,7 17-7 20"2 
12,0,7 9-7 -- 10"1 
13,0,7 10"1 -- 12"8 
14,0,7 11"8 15"1 
15,0,7 16-2 18"3 

008 16"8 -- 16"9 
108 12"5 -- 12-6 
208 26"0 24"5 
308 < 5.6 -- 0.4 
408 20.8 21.8 
508 17-9 19.7 
608 16.6 -- 15.0 
708 < 5-1 -- 4.9 
808 26.1 27.1 
908 5-7 -- 6.8 

10,0,8 23.6 24.3 
11,0,8 11-1 14.2 
12,0,8 10.6 -- 12.0 

109 7.0 10.2 
209 20.7 - -22 .7  
309 5.9 --  7.7 
409 21.1 22.4 
509 < 3.8 1-5 
609 12-7 14-0 
709 9.6 12.5 
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Table  2. Atomic  coordinates 

Atom x/a y/b z/c 
C 1 0.0606 0.8820 0-2050 
C~. 0.1394 0.7905 0.2320 
C a 0.1457 0.5745 0.3608 
N 0.1795 0.7210 0.0641 
O 1 0.1795 0.3845 0-3233 
O~. 0.1128 0-6097 0-5091 
S 0.9963 0.6254 0-1350 
Br- 0.1579 0.2046 0.7984 
H 1 0.059 0-010 0.080 
H~ 0.042 0.040 0.307 
H a 0.165 0.950 0.277 
H 4 0" 162 0.560 0.973 
lq 5 0.165 0.900 0.980 
]~6 0.232 0.680 0.145 
H 7 0.125 0.450 0-625 

Table  3. Bond  lengths and angles 

s-s" 2.024/k s ' - s - c  1 103.9 ° 
s - c  1 1.862 s - c1 -c  2 111.9 
c1-c~. 1.506 Cx-Cp-C a 113.9 
c2-c a 1-509 C1-Cp-N 114.7 
C2-N 1.493 C2-Ca-O 1 122.0 
Ca-O 1 1.215 C2-Ca-O~. 114.2 
Ca-O 2 1.269 N-Cp-C a 108.1 
Br--HT-O 2 3-17 O1-Cz-O~. 123.8 
Br--Hs-N'  3.28 
Br-- t t4-N" 3.42 
Br--H6-N'"  3.41 

Table  4. Temperature factor parameters 
e x p -  [(A + C cos ~' ~) sine 0/A2]* 

AhkO Chko ~])hkO Ahol ChOZ Y)hOl 
(h ~-) (h2) (°)1- (h2) (h~) (°)t 

C 1 1.70 0.00 - -  1-70 0.00 - -  
C9. 1.70 0.00 - -  1.70 0.00 - -  
C a 1.70 0.00 - -  1"70 0"00 - -  
N 1-70 0.00 - -  1.70 0.00 - -  
O 1 3.50 0.00 - -  3.50 0.00 - -  
O~. 3.50 0.00 - -  3.50 0.00 - -  
Br- 2.04 0.80 --40.0 1.65 1.10 --54.0 
S 1.19 1.41 0.0 1.10 1.40 14.4 

* tp is the angle between the normal to a plane and the 
direction of maximum vibration. 

t Y)hlc0 and ~])hOl are angles between directions of maximum 
vibration and b* and c* respectively. 

M a c h i n e  c a l c u l a t i o n s  

This s t ruc tu re  was solved w h e n  the  only  e lect ronic  
compu t ing  e q u i p m e n t  avai lable  to us was an  I .B.M. 
t y p e  604 compute r .  Since t h e n  an I.B.M. t y p e  650 

has  become  available,  n-cys t ine  d i h y d r o b r o m i d e  was 
used as a tes t  case in checking out  some of the  p rograms  
for t he  t y p e  650 and  final  calculat ions for this  s t ruc tu re  
were done  on t h a t  machine .  

For  the  p rograms  wr i t t en  in these  laborator ies ,  t he  
t y p e  650 is 20-30 t imes  as fast  as t he  t y p e  604 w h e n  
c o m p u t i n g  s t ruc tu r  factors  and  Four ie r  syntheses .  
S t ruc tu re  factors  for t he  170 hO1 ref lect ions can be 
calctflated in abou t  8.5 minu te s  when  ind iv idua l  a t o m  
anisot ropic  t e m p e r a t u r e  factors  are included.  E i t h e r  
Fo or A F  syntheses  on (010) ca lcula ted  on a gr id  

a/100 and  c/25 over  the  un ique  area of t he  un i t  cell 
requires  abou t  9.5 minutes .  This  t i m e  includes  p rog ram 
load, p u n c h  out  and  l is t ing of t he  f inal  m a p  in  a form 
sui table  for d rawing  contours .  

Accuracy  of resul ts  
S t a n d a r d  dev ia t ions  in the  coordina tes  were  ca lcu la ted  
f rom the  A F ' s  by  Cru ickshank ' s  m e t h o d  (Cruickshank,  
1949). For  L-cystine d i h y d r o b r o m i d e ,  a(Ah)---- -- 1.616, 
a(Ak) = -- 1.495, a(A~) = - 1.627. F r o m  the  r.m.s,  va lue ,  
1.580, and  an average  curva ture ,  s t a n d a r d  dev ia t ions  
in the  coordina tes  for each a t o m  t y p e  h a v e  been  
ca lcula ted  and  are l i s ted in Table  5 a long wi th  t h e  
@0 values  used  in compu t ing  t he  curvatures .  

Table  5. Standard deviations in  coordinates and 
peak density @0 for  each atom type 

Atom type Gcoordinate @0 

C 0.021/k 8-5 e.A --° 
N 0.018 10 
O 0.017 11 
S 0.0048 29 
Br- 0.0018 70 

The  e lec t ron  dens i ty  for a n u m b e r  of a toms  is closely 
a p p r o x i m a t e d  by  t he  equa t ion  (Costain,  1941 ; Boo th ,  
1946): 

@r= @0 exp ( -- pr 2) . 

The  same equa t ion  represen ts  closely t he  p r o j e c t e d  
e lec t ron dens i ty  and  leads to  the  fol lowing re la t ion :  

(d2qld#),=o = - 2~q2oln , 

where  (d~'@/dr2)r= o is t he  cent ra l  cu rva tu re  a n d  @0 t h e  
peak  dens i ty  of t he  p ro jec t ed  e lec t ron  dens i ty  a n d  n 
is t he  n u m b e r  of e lectrons associa ted  wi th  the  a tom.  
The  @0 values  of Table  5 were ob t a ined  f rom p e a k  
he ights  of t he  Fo syn theses  wi th  reasonable  a d j u s t m e n t  
d e p e n d i n g  on the  peak  pos i t ion  wi th  respect  to  t h e  
d i f f rac t ion m a x i m a  and  m i n i m a  of t he  h e a v y  a toms.  

The  @0 values  will no t  in genera l  be t he  same for all 
a t oms  of a g iven  t y p e  nor  for t he  same a t o m  when  
p ro j ec t ed  in d i f ferent  direct ions.  F u r t h e r m o r e ,  for a 
g iven  a t o m  in a g iven  projec t ion ,  t he  cu rva tu re  will 
v a r y  wi th  direct ion.  I n  t he  p resen t  work,  ' average '  
curva tures  are r ega rded  as suff ic ient ly  accurate .  

No correct ion has been  m a d e  for absorp t ion  of 

X- rays  in the  crystals  nor  for dispersion by  Br - .  
Par t ia l  a l lowance for secondary  ex t inc t ion  has  been  
m a d e  by  coding t he  mos t  in tense  ref lect ions so t h a t  
t h e y  were o m i t t e d  f rom zJF syn theses  and  inc luded  
as Fc in Fo syntheses .  I t  is clear f rom a p p r o x i m a t e  
values for the  secondary  ex t inc t ion  coefficients for t he  
two crystals  used t h a t  a correct ion should  be appl ied  
to  all in tense  ref lect ions and  preferab ly  to  the  whole  
set of data .  

The  decrease in the  precis ion of t he  l ight  a t o m  
posit ions,  due  to  the  presence of h e a v y  a toms,  is 
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evident by comparing the results from the present 
structure with those from n-dodecanoic acid hydrazide 
(Jensen, 1956). Both structures were based on data 
from two zones collected in the same way and refined 
to comparable values of R. But ac for this structure 
exceeds crc for n-dodecanoic acid hydrazide by a factor 
of about 2-5. 

D i s c u s s i o n  

Although L-cystine dihydrobromide crystallizes in a 
crystal system and space group different from that  for 
L-cystine dihydrochloride, nevertheless the general 
features of the structures are similar. In both, the 
molecule has a two-fold axis, the configuration of the 
cystinyl group is the same and the unit-cell dimensions 
are not very different. 

The distance per cystinyl group along a* in L-cystine 
dihydrobromide is 4.46 /~ compared with 4.52 A in 
the dihydrochloride. These distances are close to the 
corresponding spacing (along the c* axis) of 4.69 J~ 
in hexagonal L-cystine. Indeed, except for the con- 
tribution of the halide ions in the salts, Fh00 are 
relatively the same as Foot for hexagonal L-cystine. 
Thus except for the electron density of the halide ions, 
@(x) for the salts is approximately equal to @(x) for 
the hexagonal phase of the free acid. Comparison with 
the published structure verifies this conclusion (0ugh- 
ton & Harrison, 1957). 

Table 6. Standard deviations in  bond lengths 

Bond  Leng th  
C-C 0.030 A 
C-N 0-027 
C-O 0.027 
C-S 0.021 
S-S 0.014 

Standard deviations of the more important bond 
lengths appear in Table 6. They indicate that  within 
the cystinyl group there is no significant difference 
from expected values nor from values for correspond- 
ing bonds in L-cystine dihydrochloride. The 0-H-C1-  
and the three N-H-C1- bonds in L-cystine dihydro- 
chloride range from 2.98-3.27 J~. The corresponding 
bonds in L-cystine dihydrobromide range from 3.17- 
3.42 /~. The hydrogen bonds to Br- average 0-175 A 
longer than those to C1-. This difference is essentially 

Table 7. Intermolecular distances 

A t o m  Nearest  neighbor 

C 1 01, 3.54 /~_ 
C 2 0 I, 3.33 
C 3 Br-,  3.73 
N O,, 3.15 
O 1 N, 3.15 
O 2 Br-, 3.17" 
S 02, 3.30 
Br- 02, 3-17" 

* O-H-Br- hydrogen bond. 

the same as the difference in the ionic radii of C1- and 
Br-, 0.2/~ (Pauling, 1939). 

The smallest intermolecular distance for each atom 
in the asymmetric unit other than hydrogen has been 
calculated, Table 7. There are no abnormally small 
intermolecular distances. 

One of the objects of this work was to obtain from 
the solid state structural information that  might bear 
on the anomalously large values for the optical rotatory 
power of aqueous acid solutions of cystine. Comparison 
of the optical rotatory power of cystine and cysteine 
in 1 N HC1 indicates that  the anomalous value for 
cystine is to be attributed primarily to the disulfide 
group. In L-cystine dihydrobromide, L-cystine dihydro- 
chloride and N,N'-diglycyl-L-cystine dihydrate, (Yakel 
& Hughes, 1954) the configuration of the molecule is 
the same. In hexagonal L-cystine a different, but re- 
lated, configuration is found. Regardless of the con- 
figuration, however, the C'-S ' -S-C dihedral angle is 
essentially the same for each compound and r o u g h l y  
equal to 90 ° . In the solid state, therefore, this con- 
figuration represents relatively low energy. Probably 
in solution also, this will represent a configuration 
approximated by an appreciable number of the mole- 
cules at any instant. I t  is tempting to postulate that  
this particular feature of the structure gives rise to 
the anomalous values of the optical rotatory power 
of the acid solutions of L-cystine. 
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