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Neutron Diffraction Structure Determination of Bis-(L-histidinato)cadmium Dihydrate 

BY H. FtJESS* AND H. BARTUNIK]" 

Institut Laue-Langevin, 56X Centre de Tri, F-38042 Grenoble Cddex, France 

(Received 4 March 1976; accepted 23 April 1976) 

A neutron diffraction study of tetragonal bis-(L-histidinato)cadmium dihydrate Cd(C6HaNaO2)2.2H20 
has been carried out in order to prepare a basis for a methodical study of anomalous phase determina- 
tion. The structure belongs to space group P432~2, with a = b = 7 . 3 9 7  (5), c=30"53 (3) A, Z = 4 .  1027 
reflexions measured at 2 =  1.216 .~ were used in the least-squares refinement including several Bijvoet 
pairs. The final R(F 2) = 0"069. The positions of the non-H atoms are in general agreement with a pre- 
vious X-ray study. Cd is octahedrally surrounded by two amide N atoms at 2.287 (9), two N of two 
imidazole groups at 2.290 (8), and two carboxyl O at 2.480 (9)/~,. The histidine group adopts a closed 
conformation with the imidazole ring folded back on top of the carboxylate group. 

Introduction 

Neut ron  diffract ion studies of  var ious  his t id ine com- 
pounds  have been pub l i shed :  L-hist idine (Lehmann ,  
Koetzle  & Hami l ton ,  1972) and  L-histidine hydro-  
chlor ide  m o n o h y d r a t e  (Fuess,  Hoh lwe in  & Mason ,  
1977). The X-ray s tructure de te rmina t ions  of  several 
me ta l -h i s t id ine  complexes  have been repor ted:  Zn  
L-histidine d ihydra te  (Kretsinger ,  Cot ton  & Bryan,  
1963); Zn  L-hist idine pen tahydra t e  (Hard ing  & Cole, 
1963); Ni L-histidine m o n o h y d r a t e  (Fraser  & Hard ing ,  
1967); Co L-histidine m o n o h y d r a t e  (Hard ing  & Long,  

* Present address: Institut ffir Kristallographie der Univer- 
sit,it, D-6000 Frankfurt/Main, Germany. 

t Also at Technische Universit/it Mfinchen, Physikdepart- 
ment. 

1968) and  Co DL-histidine d ihydra te  (Candl in  & Har-  
ding,  1970). We have  unde r t aken  a neu t ron  study o f  
Cd L-hist idine in order  to (1) compare  the confo rma-  
t ion of  h is t id ine  in Cd L-hist idine to its con fo rma t ion  
in other  structures,  (2) provide  a basis for a methodica l  
s tudy of  anomalous -d i spe r s ion  techniques  for phase  
de te rmina t ion  wi th  thermal  and  hot  neut rons  (Bar tunik  
& Fuess,  1975). 

A de te rmina t ion  of  Cd L-hist idine based on two- 
d imens iona l  X-ray  da ta  wi th  a final R of  13.4% has 
been reported by C a n d l i n  & Hard ing  (1967). 

Experimental 

The crystals were prepared  by add ing  CdCO3 to a solu- 
t ion (0.4 mmol )  of  L-hist idine in boi l ing water.  Large 
colourless crystals  were obta ined.  The compos i t ion  

Table  1. Fractional coordinates and temperature parameters 
The temperature parameters are given as exp [-- (h2fllt + k2f122 + 12flaa + 2hkf112 + • • .)]. The p~j's are multiplied by 103, the fractional 

coordinates by 104 . 

x y z flu fl22 fl33 fl12 fl13 fl23 
Cd 1989 (14) 1989 (14) 0 111 (23) 111 (23) 5 (1) 5 (1) 18 (4) 18 (4) 
C(1) 1716 (4) 5787 (4) 487.8 (8) 103 (6) 85 (6) 6 (1) 7 (6) 1 (1) 2 (1) 
C(2) 334 (5) 5808 (4) 114.8 (7) 130 (7) 80 (6) 5 (1) 1 (1) 1 (1) 8 (1) 
C(3) 8506 (5) 5079 (5) 287.0 (10) 100 (7) 112 (7) 8 (1) 27 (6) 0 (1) 7 (1) 
C(4) 8661 (4) 3451 (4) 573.1 (8) 87 (6) 114 (6) 5 (1) 7 (6) 6 (1) 3 (1) 
C(5) 9365 (5) 754 (5) 789.4 (9) 117 (7) 97 (7) 7 (1) 9 (6) 2 (1) 3 (1) 
C(6) 8002 (5) 3237 (5) 986.2 (10) 111 (1) 158 (8) 7 (1) - 6  (7) 10 (1) 4 (1) 
N(1) 4703 (3) 953 (4) 256.5 (6) 150 (5) 129 (5) 4 (1) 3 (5) 3 (1) 1 (1) 
N(2) 9522 (3) 1867 (3) 452.4 (6) 118 (4) 97 (4) 5 (1) 3 (4) 4 (1) 1 (1) 
N(3) 8446 (4) 1527 (4) 1117.7 (7) 152 (6) 153 (5) 6 (1) 35 (5) 8 (1) 7 (1) 
O(1) 2796 (5) 4480 (5) 507.1 (10) 157 (8) 115 (7) 6 (I) 29 (8) 11 (1) 2 (1) 
0(2) 1650 (6) 7050 (5) 757.2 (10) 175 (9) 132 (8) 8 (1) 21 (8) 4 (2) 7 (2) 
0(3) 5319 (9) 7961 (9) 884 (2) 263 (15) 257 (14) 8 (1) 76 (13) 11 (2) 9 (2) 
H(1) 123 (9) 7211 (8) 20 (2) 230 (17) 113 (13) 11 (1) 5 (13) 4 (3) 11 (3) 
H(2) 7820 (11) 6130 (11) 472 (2) 208 (18) 188 (18) 14 (1) 66 (16) 11 (3) - 2  (4) 
H(3) 7663 (9) 4794 (10) 0 (3) 112 (12) 234 (18) 12 (1) 5 (13) 8 (3) 11 (3) 
H(4) - 8 2  (11) -607  (9) 800 (2) 240 (19) 118 (14) 13 (1) 9 (16) 4 (3) 6 (3) 
H(5) 7253 (13) 4146 (13) 1187 (2) 309 (24) 262 (21) 12 (1) 40 (18) 23 (4) 8 (4) 
H(6) 5294 (12) 2115 (11) 381 (2) 267 (21) 203 (18) 10 (1) 60 (16) - 7  (3) - 1 7  (3) 
H(7) 4746 (11) 21 (11) 501 (2) 265 (20) 213 (16) 7 (1) 37 (17) - 2  (3) 9 (3) 
1-I(8) 8211 (11) 958 (11) 1423 (2) 242 (18) 234 (18) 9 (1) - 4 3  (18) 14 (3) 5 (3) 
H(9) 4152 (16) 7519 (13) 889 (3) 279 (24) 213 (20) 12 (1) - 4 3  (21) - 17 (4) 8 (4) 
H(10) 5740 (12) 8088 (11) 1181 (2) 272 (20) 233 (19) 10 (1) - 7 8  (17) - 1 0  (3) 5 (3) 
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was checked by X-ray fluorescence and microanalysis. 
The crystal used for data collection was a plate, 

1.3 x 1.1 x 0.7 mm along a, b and c, with a volume of 
0.97 mm a. Data were collected on the D8 facility at 
the high flux reactor at ILL, Grenoble. Neutrons with 
a wavelength of 1.216 A from the (200) plane of a Cu 
monochromator  were used. The flux at the sample 
position was approximately 107 n cm -2 s -1. Integrated 
intensities were measured in 0-20 step scans for 1027 
independent reflexions including about 50 Bijvoet pairs. 

The data set was corrected for absorption with the 
program ABSORB of the X-RAY system involving a 
Gaussian-grid method. The neutron absorption co- 
efficient was determined in transmission measurements 
to b e / t = 8 . 2  (3) cm -1. The transmission coefficients 
vary between 0.37 and 0.58. The cell dimensions were 
redetermined from measurements at two wavelengths 
(1.216 and 0.912 A). 

Structure refinement 

The refinement was started with the parameters given 
by Candlin & Harding (1967). After refinement on the 

heavy atoms alone R(F 2) was 0.28. A subsequent 
Fourier synthesis allowed the location of all the H 
atoms. The final refinement was by full-matrix least 
squares with the program ORXFLS3 (Busing et al., 
1971) first with isotropic, then anisotropic temperature 
factors for all atoms. Neutron scattering lengths were 
bo=0.5804, bN=0"937, bc=0"6648 and bH = --0-3741 
(all in 10 -12 cm) (Koester, 1975). The real and imagi- 
nary part of the scattering length of Cd were cal- 
culated from a single-level Breit-Wigner formula. These 
values for Cd varied little when included in the refine- 
ment procedure. We therefore used the calculated 
values in the final steps of the refinement (bo+b' =0.404; 

, 2 2 2  b"=0"  101). The quantity minimized was ~)~ (Fo-Fc)  ; 

Table 3. Bond lengths and angles around cadmium 

Cd-N(1) 2-287 (9) A N(1)-Cd-N(2) 88.5 (3) ° 
Cd-N(2) 2.290 (8) N(1)-Cd-O(1) 69.0 (3) 
Cd-O(1) 2.480 (9) N(2)-Cd-O(1) 81-1 (2) 
N(1)-Cd-N(I') 134-9 (5) ° N(I)-Cd-N(2") 118.7 (2) 
N(2)-Cd-N(2') 107.5 (4) N(1)-Cd-O(I') 79.9 (2) 
O(1)-Cd-O(l') 91.8 (3) N(2)-Cd-O(1') 168.0 (4) 

Table 2. lntramolecular distances (A) and angles (o) 

C(1)-O(1) 1.256 (5) C(1)-C(2)-C(3) 109.1 (2) 
C(1)-O(2) 1.246 (5) H(1)-C(2)-N(1) 111"7 (4) 
C(I)-C(2) 1.530 (4) H(I)-C(2)-C(3) 107.3 (5) 
C(2)-N(1) 1.471 (4) N(1)-C(2)-C(3) 109.9 (3) 
C(2)-C(3) 1.548 (5) C(2)-N(I)-H(6) 107.8 (5) 
C(3)-C(4) 1-492 (5) C(2)-N(1)-H(7) 109.7 (5) 
C(4)-N(2) 1.384 (4) H(6)-N(I)-H(7) 106.3 (6) 
N(2)-C(5) 1.323 (4) C(2)-C(3)-C(4) 114.4 (3) 
C(5)-N(3) 1.339 (4) C(2)-C(3)-H(2) 109.6 (5) 
N(3)-C(6) 1.367 (5) C(2)-C(3)-H(3) 107.0 (5) 
C(6)-C(4) 1.361 (4) C(4)-C(3)-H(2) 108-0 (5) 
N(1)-H(6) 1.037 (9) C(4)-C(3)-H(3) 110.9 (5) 
N(1)-H(7) 1.017 (8) H(2)-C(3)-H(3) 106.7 (6) 
C(2)-H(1) 1.089 (7) C(3)-C(4)-N(2) 124-3 (2) 
C(3)-H(2) 1.087 (9) C(3)-C(4)-C(6) 127.5 (3) 
C(3)-H(3) 1.096 (9) N(2)-C(4)-C(6) 108.2 (3) 
C(5)-H(4) 1.087 (8) C(4)-N(2)-C(5) 106-2 (2) 
C(6)-H(5) 1.065 (9) N(2)-C(5)-N(3) 111.2 (3) 
N(3)-H(8) 1.037 (7) C(5)-N(3)-C(6) 107.3 (3) 
O(3)-H(9) 0.923 ( 1 3 )  N(3)-C(6)-C(4) 107.1 (3) 
O(3)-n(10) 0.963 (8) N(2)-C(5)-H(4) 124.5 (4) 

N(3)-C(5)-H(4) 124.3 (4) 
O(1)-C(1)-O(2) 124.9 (3) C(5)-N(3)-H(8) 125.8 (5) 
O(1)-C(1)-C(2) 117.9 (3) C(6)-N(3)-H(8) 126.8 (5) 
O(2)-C(1)-C(2) 117.2 (3) N(3)-C(6)-H(5) 122-7 (5) 
C(1)-C(2)-H(1) 107.7 (4) C(4)-C(6)-H(5) 130.3 (5) 
C(1)-C(2)-N(1) II1.I (3) H(9)-O(3)-H(10) 108.9 (9) 

H(8) ~ H(5) 

.1.339//'~ t, c (5).r~g ,+3/. /"~ ' c(4) 

HC'; l H ( 4 ) i ~  
W IN(2) 

Cd~ /"" 

H(2) 

:(3) 

H(1) 

0(2) 

/ 
/ 
/ 

/ 
O0) H(9) 

Q 
H(]0) 

Fig. 1. The molecular structure of bis-(L-histidinato)cadmium 
dihydrate. Two histidine molecules and their coordination 
to cadmium are shown. 

Table 4. Hydrogen-bond distances (A) and angles (°) 

A H 
N(1)-H(7) 
O(3)-H(9) 
O(3)-H(10) 
N(3)-H(8) 

B C A" " B  H" . ' B  A - H "  "B 
0(3') 2"963 (7) 1"967 (3) 165"6 (7) 
O(2)-C(1) 2"823 (8) 1"926 (13) 163.6 (9) 
O(2')-C(1') 2"800 (7) 1"845 (7) 170"9 (8) 
O(I')-C(I") 2-815 (5) 1"796 (7) 166"4 (7) 

Positions of primed atoms 
0(3') 
0(2') 
C(1 ') 

--0"20381, 0"5319, -0"08841 O(1') 
0"6650, 0"7950, 0"17428 C(I") 
0.6716, 0.9213, 0.20122 

C-B" • • H 

103"6 (8) 
125-9 (4) 
107"0 (3) 

0-7796, 0.0520, 0.19929 
0"6716, - 0"0787, 0"20122 
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the weights were w =  1/tr2(F2) 2 with tr2(Fo z) =trc(Fo)2 2 
+(0.03F2) 2, where crc is based on counting statistics. 
In the last stage of the refinement isotropic extinction 
was introduced. A subsequent run with anisotropic 
extinction parameters did not give further improvement.  
The final extinction parameter  was g = 2 . 7 x  10 -4. 
Only two reflexions showed more than 10 % extinction. 
The final R(FZ)=[Y(F 2 2 2 4 i/2 - F c )  /~,Fo] =0.069;  Rw(F 2) 

2 2 2 4 I /2  =[~w(Fo-F~) /~wFo]  =0.0665. The final positional 
parameters are listed in Table 1 with anisotropic 
temperature factors.* Bond distances and angles are 
listed in Table 2. 

T h e  m o l e c u l a r  g e o m e t r y  

Two histidine molecules are l inked by the Cd atom 
to form the complex. The environment  of the metal is 
formed in a way similar to that in the other metal- 
histidine complexes by N(1) of  the amide group, N(2) 
of  the imidazole ring and one O of the carboxyl group 
(Fig. 1). The C d - N  distances are considerably shorter 
than the C d - O  distances (Table 3), while for the Ni 
and Co compounds  the equivalent  distances are al- 
most equal. On the other hand,  the metal-oxygen dis- 
tances are even longer in the Zn (Table 6) than in the 
Cd compound.  

The water molecule takes part  in the hydrogen- 
bonding scheme as an acceptor for H(7) of the amide 
group and as a donor  via the two H atoms which are 
l inked to 0(2)  of  two different molecules (Table 4). It 
is doubtful  whether the short distance of  2.706 A be- 
tween N(1) and O(1) can be described as a hydrogen 
bridge since the nearest amide H(6) is 2.574 A from 
O(1) and the N(I ) -H(6)-O(1)  angle is 108.4 °. The ex- 
istence of  such a hydrogen bond had been postulated 

* A list of structure factors has been deposited with the 
British Library Lending Division as Supplementary Publication 
No. SUP 31826 (9 pp.). Copies may be obtained through The 
Executive Secretary, International Union of Crystallography, 
13 White Friars, Chester, CH1 1NZ, England. 

by Kretsinger et al. (1963) f rom their X-ray structure 
investigation of  Zn histidine dihydrate. The H attached 
to N(3) bonds to O(1) of  a neighbouring molecule. 
The H on N(3) of  that second molecule is bonded to 
O(1) of the first. 

The imidazole ring and the carboxyl group are p lanar  
(Table 5), and the torsion angle between them shows 
that the molecule is in the closed form (Kistenmacher,  
Hunt  & Marsh,  1972). N(1), however, sticks out of  
the plane of the carboxyl group, because of its bond 
to the Cd a tom;  H(2) lies in this plane. The conforma- 
tion of  the whole molecule is essentially the same as 
in other metal-his t idine complexes as shown by the 
torsion angles. The conformat ion angles of Table 6 
show that the Zn histidine investigated by Kretsinger 
et al. (1963) was in fact the D-form. The Co histidine 
dihydrate has one molecule in the D- and one in the 
L-form; all the other complexes are L-forms. 

Table 5. Atom deviations from the least-squares 
planes (A) 

C(3) -0.003 
C(4) 0.003 
C(5) 0.001 
C(6) 0.004 
N(2) 0"001 
N(3) 0"005 
H(8)* 0"05 
H(4)* 0"012 
H(5)* - 0"005 

C(1) -0.01 
C(2) 0.003 
O(1) 0-004 
0(2) 0.004 
N(1)* -0.510 

Atom not included in least-squares calculation. 

The difference in the metal environment  does not 
result in different torsion angles (Table 6). The open 
form found in L-histidine (Madden,  McGandy  & See- 
mann,  1972) is characterized by the torsion angle C(1)- 
C(2)-C(3)-C(4) of about  180 ° as compared to about  
- 4 0  to - 5 0  ° in the complexes. The water molecules 
link two molecules together via hydrogen bonds be- 
tween the carboxyl groups. An addi t ional  bond is 
formed between the water and the amide group. 

Table 6. Conformation angles and metal environment & various histidine compounds 

Ni .  H 2 0  a 

M-N(1) 2-106 
M-N(2) 2.091 
M-O(1) 2.113 
C(1)-C(2)-C(3)-C(4) - 56.5 
C(2)-C(3)-C(4)-C(6) 159-1 
C(2)-C(3)-C(4)-N(2) - 20.6 
C(3)-C(2)-C(1)-O(1) 109.0 
C(3)-C(2)-C(1)-O(2) - 71.1 
N(1)-C(2)-C(1)-O(1) - 14-1 
N(1)-C(2)-C(1)-O(2) 165.8 
C(1)-C(2)-N(1)-H(1) 
C(1)-C(2)-N(1)-H(2) 
C(1)-C(2)-N(I)-H(3) 

Co. H20 ~' Co. 2H20 c 
I II I II Zn. 5 H 2 0  a Zn. 2HzO e Cd. 2 H 2 0  f L-Histidine g Histidine. HCP 

2.19 2"11 2"116  2"141 2"000 2"041 2"287 
2"19 2"17 2"139  2.077 2.049 2"049 2"290 
2.12 2"12 2 - 1 5 2  2"067  2"912 2-79 2.480 

-47.8 -53"0 50.8 -58"1 -49"3 48-3 -42.9 181"4 -53-0 
145"3 1 5 6 . 5  139"4  1 6 4 . 9  139.8 - 133"7 125"2 - 123"2 61 "6 

-26"7 -21"5 36"1 - 18"6 -42.1 45"9 -55"2 56"8 - 120"8 
113'9 98"9 -105"1 107"7  118-5 -109"9 98.2 94"4 124.0 

-73"7 -82"4 71"8 -69"9 -61"9 68"1 -79.9 83"8 -54"8 
-9"8 -20.8 15"3 -15"3 -3 .6  10"0 -23"8 -26.8 -0.5 
162.6 157"9 - 167"3 1 6 7 . 2  176"1 172.0 158-1 155"1 - 179.3 

- 63" 1 45-8 59"8 
179"6 163"5 - 178.4 

- 76"4 - 61 "5 

References: (a) Fraser & Harding (1967). (b) Harding & Long (1968). (c) Candlin & Harding (1970). (d) Harding & Cole (1963). 
(e) Kretsinger, Cotton & Bryan (1963). (f) This work. (g) Madden, McGandy & Seemann (1972); Lehmann, Koetzle & Hamilton 
(1972). (h) Fuess, Hohlwein & Mason (1977). 
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The authors are indebted to Dr S. A. Mason for 
valuable discussions and to the technical and the com- 
puter staff at ILL for assistance. 
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A Neutron Diffraction Study of 1,2-Diaminobenzene Monohydrochloride 
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The structure of C6H4(NH2)2. HCI has been refined from single-crystal neutron diffraction data. Full- 
matrix least-squares calculations based on F 2 converged to a final R of 0.039 for the 782 observed 
reflexions. The crystals are orthorhombic, space group P21212t, with a= 9.312 (2), b=4.920 (1), c= 
16.155 (3) A, Z=4. The structure is composed of C6H4N2H~ and CI- ions. Three cations are coor- 
dinated to one CI- ion through hydrogen bonds N-H. . -CI- .  All H atoms of the NHa + group and 
one H of the NH2 group are involved in hydrogen bonds. 

The structures of 1,2-diaminobenzene monohydro- 
chloride, dihydrochloride and dihydrobromide have 
been solved from X-ray data (Sthlhandske, 1972a, b, 
1974). Only approximate positions of the H atoms were 
obtained for the monohydrochloride and dihydro- 
bromide. Neutron diffraction studies were therefore 
performed in order to determine the H positions and 
to reveal the hydrogen-bonding systems. The present 
article deals with the structure of the monohydro- 
chloride. 

Experimental 

Large colourless crystals were grown, by slow evapora- 
tion at room temperature, from an aqueous solution 
containing equimolar quantities of 1,2-diaminoben- 
zene and HC1. 

Crystal data 
1,2-Diaminobenzene monohydrochloride, 

C6HaNzH+CI -, F.W. 144.60, orthorhombic, P21212~, 
a=9.312 (2), b=4.920 (1), c=  16.155 (3) A, V=740.13 

/~3, Z = 4 ,  Dx= 1.30, Dm= 1"31 g cm -a (flotation). Cell 
parameters were determined from powder photographs 
taken in a Guinier-H/igg focusing camera with Cu K~x 
radiation and KCI as an internal standard. 

A crystal, 3"5 × 3"5 x 4.0 mm, packed in thin AI foil, 
was used for data collection. The crystal was mounted 
with b parallel to the ~0 axis on an automatic Hilger- 
Ferranti four-circle diffractometer, located at the DR3 
reactor at the Danish Atomic Energy Commission 
Research Establishment, Rise, Denmark. The wave- 
length of the monochromatized neutron beam was 
1.025 A and the flux at the specimen 0.9 × 106 n cm -2 
s -1. The reflexions were measured by the co-scan and 
the step-scan technique. 

The total scan range for a reflexion was 3.36 ° with 
the peak-scan (2.40 ° ) in steps of 0.04 ° and background 
scans (0.48 ° ) in steps of 0.08 ° . In the range 0.07< 
sin 0/2<0.618, 1916 reflexions were recorded in se- 
quence of increasing sin 0/2. A standard reflexion, 321, 
was measured after every 15 reflexions. Background 
corrections were made (Lehmann & Larsen, 1974). The 
peak is separated from the background in such a way 


