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Crystal and Molecular Structure of Calcium Hydrazinecarboxylate Monohydrate 

BY A. BRAIBANTI, A. M. MANOTTI LANFREDI, M.A. PELLINOHELLI AND A. TIRIPICCHIO 

Istituto di Chimica genera/e, Universit~ di Parma, Italy 

(Received 26 September 1970) 

Calcium hydrazinecarboxylate monohydrate, Ca(NH2-NH-COO)2. H20, forms triclinic crystals, space 
group PI.  The structure has been determined by means of three-dimensional photographic data. The 
main characteristic of the structure is that the anions both chelate one calcium cation and bridge ad- 
jacent calcium cations, thus forming chains parallel to [001]. Calcium ions alternate along the chain at 
3.70 and 3.87 ,~ from one another. The coordination polyhedron around calcium is a distorted penta- 
gonal bipyramid with a centred face; calcium-oxygen bonds (Ca-O~v = 2.44 ,~) are a result of a balance 
between electrostatic forces and steric constrictions. The two crystallographically independent anions 
form pentatomic rings with Ca; part of the ring, namely -NH-COO, forms a rather rigid body whereas 
Ca and -NH 2 are out of the plane of the rigid portion of the molecule. Distances and angles in the 
anions are compared with distances and angles found in octahedral chelates of the same ligand with 3d- 
transition metals. Strong hydrogen bonds are formed by H20 within the same chain; weak hydrogen 
bonds hold the chains together in the structure. 

Introduction 

The crystal and molecular structures of several hydra- 
zinecarboxylates have been determined in this labora- 
tory (Braibanti, Manotti Lanfredi, Tiripicchio & Bi- 
goli, 1970; Bigoli, Braibanti, Tiripicchio & Tiripicchio 
Camellini, 1970). All these compounds concern com- 
plexes of 3d-metals and sometimes magnesium. They 
present various types of octahedral coordination but 
all of them contain pentatomic chelate rings. 

(4) N(3) 
\ 

C(2) 0(5) 

which are strictly analogous to the rings formed by 
a-amino acids with the same metals (Freeman, 1967). 
The structures of compounds of hydrazinecarboxylic 
acid can constitute valid substitutive examples for non- 
obtainable or non-crystallizable compounds of~-amino 
acids. 

Experimental 
Preparation 

Crystals of the compound can be obtained by evap- 
oration of an aqueous solution of calcium hydroxide 
and hydrazine treated by carbon dioxide. The crystals 
have a prismatic habit and decompose slowly in the air. 

Crystal data 
Compound: Calcium hydrazinecarboxylate mono- 
hydrate, Ca(N'Hz-NH-COO)z.HzO,  F.W. 208.2. 
Crystal class: triclinic pinacoidal. 
Unit cell (radiation Cu K~, A = 1.5418 A, from rotation 
and Weissenberg photographs around [010]): 

a=7 .67  (1), b=7.86 (1), c=6-37 (1) A; 
~=84.02 (45), fl= 72.88 (55), 7= 78.65 (25)% 
V=359.3 A 3, Z = 2 ;  Dx= 1.92, Dm= 1"92 g.cm-3; 
p(Cu Kct) = 72.7 cm-  1. 
Space group: PT(Ci(1), No. 2). 

Intensity data 
Intensities were recorded photographically on an 

integrating Weissenberg camera and measured by a 
microdensitometer. The crystal was rotated around 
[010] and 1113 independent reflexions out of 1358 
possible were observed in layers hOl, h ll . . . .  , h61. 

The intensities were corrected as usual; absorption 
corrections were applied as for cylindrical specimens 
(/z~ = 0.49). Atomic form factors according to Cromer 
& Mann (1968) have been used. 

The structure, solved by Patterson and Fourier 
methods, has been refined by differential syntheses 
using anisotropic thermal parameters. The hydrogen 
atoms have been identified in the difference synthesis 
(R=  10.7% without hydrogen contributions and R =  
10.3% with hydrogen contributions). All the calcul- 
ations have been performed on the computer, Olivetti 
Elea 6001/S of Centro di Calcolo Elettronico, of the 
University of Parma. 

The results of the structure determination are sum- 
marized in Tables 1 to 4. 

Discussion 

The structure consists of chains parallel to [001] (Fig. 1) 
formed by a sequence of cations and anions. The main 
interatomic distances and angles in a chain are quoted 
in Table 5. The anions N H 2 - N H - C O O -  not only sur- 
round the cations Ca 2+ in a cage but also share oxygen 
atoms between two calcium ions and form bridges. 
The calcium ions alternate along the chain at distances 
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3.70 and  3.87 A f rom one ano the r ;  these dis tances  are 
shor te r  t h a n  those  found  in CaC12.glycylglycylgly-  
c ine .  3 H 2 0  (Van der  H e l m  & Wi l loughby ,  1969). 

Tab le  1. Fractional atomic coordinates 
x 104 (with e.s.d.'s) 
x y z 

Ca 1193 (1) 0512 (2) 1933 (1) 
O(1.1) 1280 (6) 0802 (7) 5765 (6) 
C(2.1) 2532 (7) 1420 (9) 6201 (5) 
N(3.1) 3729 (7) 2174 (9) 4537 (8) 
N(4.1) 3775 (8) 2046 (8) 2299 (7) 
O(5.1) 2758 (6) 1424 (7) 8095 (6) 
O(1.2) - 1223 (6) 1859 (7) 0264 (5) 
C(2.2) -1890 (7) 3455 (13) 0317 (11) 
N(3.2) -1748 (8) 4360 (10) 1950 (8) 
N(4.2) -0555 (9) 3561 (9) 3235 (7) 
0(5.2) --2638 (7) 4321 (9) -1090 (8) 
0(6) 3674 (6) --1816 (8) 2506 (7) 
H(7.1) 4874 2521 4518 
H(8.1) 3649 3157 1539 
H(9.1) 4899 1188 1583 
H(7.2) -2406 5500 2218 
H(8.2) - 1167 3650 4657 
H(9.2) 0633 4311 2933 
H(10) 3000 - 2583 2013 
H(11) 4892 - 1682 2093 

F " ' ,  
"~C- . . . . . . .  ( 

)C(21) 

N(3 I) 

C-~, . . . . . . . . .  

N(32) .... 

"N, f 
:C.~ 0(52) 

The p o l y h e d r o n  of  d o n o r  a toms  a r o u n d  ca lc ium 
(Fig. 2) is no t  re la ted to any  p o l y h e d r a  observed in 
c o m p o u n d s  of  the same acid wi th  3d-metals.  I t  can  be 
r o u g h l y  descr ibed as a p e n t a g o n a l  b i p y r a m i d  wi th  a 
cent red  face and  is ana logous  to tha t  observed in  
CaC12.glycylg lycylg lyc ine .  3H20.  The  resul t ing coor-  
d ina t ion  n u m b e r  is 8, f o rmed  by six O a toms  and  two 
N atoms.  One  O belongs  to the water  molecule  which  
therefore  enters  the coo rd ina t i on  sphere  o f  the cat ion.  
The  two b o n d  dis tances  be tween  ca lc ium and  ni t rogen,  
c rys ta l lographica l ly  independen t ,  are equal  ( C a N  = 2.59 
A), bu t  the bonds  between ca lc ium and  oxygen  range  

© 
Fig. 1. Clinographic projection of the structure of calcium 

hydrazinecarboxylate monohydrate, with Ca. • • Ca distances 
along chains parallel to [001]. 

f rom 2.37 to 2.50 A wi th  an  average value  o f  2-44 A. 
A p p a r e n t l y  the c a l c i u m - o x y g e n  bonds ,  b o t h  in l eng th  
and  a r rangement ,  are a resul t  o f  a ba lance  between the 
electrostat ic  a t t r ac t ion  of  the  cat ions  to the  an ions  a n d  
steric constr ic t ions .  

Tab le  2. Thermal parameters (1~ z) 

Bll B22 
Ca 1"882 1"498 
O(1.1) 2"623 2.173 
C(2.1) 2"324 1"484 
N(3.1) 3"041 2"547 
N(4.1) 2"582 2"364 
O(5.1) 3.156 3.247 
O(1.2) 2-629 1.825 
C(2.2) 2"931 1"841 
N(3.2) 5"515 3"169 
N(4.2) 3"546 2-176 
0(5.2) 5-898 1"979 
0(6) 2.697 2.933 

In the last cycle for all 

B33 B12 B13 B23 
0"691 -0"199 -0"675 0"140 
1"477 -0"766 - 0"901 0"048 
1"333 -0"014 -0"817 0"046 
1"478 - 1"020 - 0"801 0"448 
1"435 - 0"374 - 0"568 0"248 
1 "421 - 0"884 - 1"082 0"013 
2"155 0"284 - 1"402 -0"158 
2"327 - 0"348 - 1"191 0"470 
3"229 0"261 - 2"452 - 0"521 
2"317 --0"152 - 1"458 0"039 
4"167 -0"380 -3"669 0"804 
2"964 0"068 - 1"248 - 0"568 

the atoms the average shift IAB~llav, and the maximum shift IAB~Jlmax, were IdB~jlav = 0.037, IdB~lmax = 0"183. 

B B 

H(7.1) 2.50 H(8.2) 2.70 
H(8.1) 2.10 H(9.2) 2.70 
H(9.1) 2.20 H(10) 3-10 
H(7.2) 3.50 H(11) 3.20 
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T a b l e  3. Observed and calculated structure factors 

Columus  are h, k, l, lOFo and IOF~. - after Fo indicates an unobserved reflexion. 

1 0 0  31q 321 6 0 • ~5 -1,8 
2 0 0 $16 -326 | 0 • 21- ? 3 
3 0  o 133 -165 5 o • g6o I 7 
4 0 0 371 .376 • 0 b , 1  &t 9 
5 0 0  151 -IS& 7 0  • ~ •7  7 
6 0 0 65 -57  8 0 • 21 ~ 7 
7 0 0  •O ~d~ O O 7 qt  .76 8 
8 0 0 t f ~  163 1 0 7 68 .31 1" 
9 0 0 37 3O I[ O 7 30. .12 I 
0 0 1 180 tqq 2 0 7 74 .55 
t 0 1 3~ 28 ~ 0 7 66 76 q 

0 1̀  225 241 3 0 7 67 .56 
2 0 1, ]8 4 4 0 7 43 2q O 

0 1 278 -2~4 5 0 7 q4 96 O 
3 0 1 476 -496 6 0 7 115 116 I 

0 1, 152 155 7 0 7 17- 55 I 
& 0 1, 37 .34 1 0 8 16- .30 1 

O 1 2q. 2 2 0 8 20- 21 Y 
S 0 1 133 133 3 0 8 111 132 2 
5 0  1 212 -218 4 0  8 18- 113 

~. I '~0 --f Ig  6 
9.07 Z3J 6 

Z £g  - 3 e  7 

2 9~ -Tz 9 
1 6o -~t~' o 
~Z ~6- -x9  o 
2 47- -4 1 
Z 128, . 1 ( ~  ! 

3 2(m -225 ! 
3 lqq .205 7 
3 3ql 423 
3 3q2 -426 2 
'~ 215 -2/`7 '2 
"~ 166 .16q 1 
3 176 171 
3 22(I - 240 ) 

6 0 1 )3 41 O 1 O 7- 378 ~ ~ 103 .10q 
| O 1 37- .30 t 1 0 45 t3 ~ 3% 8 
7 O 1 163 167 [ 1 0 182 166 3 233 251 
? 0 1 78 -66 2 1 0 252 267 ~ 3 154 .16q 
101, 64 61 '2 1 0 I~ .146 ~ ~ 108 107 

01, 5q -60 ~ 1 0 1~4 -I0, 58 ~I 5 
• 1 28 -16 1 0  1 3 2 . 1 2 7  4 3 2 8 0  258 5 
IO 0 : 2 7 5 - 3 2 8  ~ 1 0 358 .345 7, ~ 73 76 

0 190 -218 1 O 262 .276 ~ 126 120 
0 2 1,81 198 5 1 0 209 .lqO 7, ~ 84 80 

2 0 2 2•2 .240 5 1 0 171 .186 5 3 48 .36 

0 238 -237 I 0 I01 .90 124 114 
~1 0 2 ~7 50 7 1 0 181 164 ~J ~J 13q 146 0 
, 0 2 - .1 ? 1 0  49- . l  ~ 3 160 -140 O 

0 2 126 137 8 1 0 150 133 ~ 60 66 
3 0 2 43 35 8 1 0 135 146 ~ 83 76 

0 2 62 42 9 1 0 41 37 "~ 4q. 9 1 
, o 2 151 14~ ~ 1 o 57 ~2 ~ 3 145 _ 1 ~  

o 2 53 -49 o 1 1 . 1  .181 ? ~ 55 61 
7 0 2 118 10~, 0 1 Y 53 -52 7 40. .17 

0 2 83 -79 1 1 1 33 36 ? ~ 170 -I19 
8 0 2 58 -47 ~ 1 1 198 -218 ~ 3 76 -52 
8 0 2 69 -61 1 1 Y 538 62q ~ 80 .78 
9 O 2 6q .61 ~ 1 ~ 195 .211 q 3 17- 35 
O O 3 253 -289 2 1 1 237 -226 Q "] 33- .21 
I 0 3 197 20~ '2 I I 137 141 0 4 61 51 
X 0 3 132 -1A8 2 1 T 587 652 0 ~ 81 7.5 5 
2 0 3 274 2~t ~ 1 T 51 50 ~ 4 69 73 

0 3 68 -67 3 1 1 202 -203 4 194 -208 
] 0 3  316 334 ] I ~ 303 331 l ~ 45. 6 

O IIO .114 I 253 238 T 106 117 7 
& 0 3 126 1'30 ~ 1 ~ 395 .424 ~ 4 7/,6 26/, 1 
~[ O 3 119 126 4 1 1 57 47 4 118 .132 
5 0 3 74 -6-" 7. 1 I 88 92 ~ ,~ 90 °88 

0 3 I.~ 3 1`62 4 I T 252 -256 ~ 66 57 3 
• 0 3 50 -46 7, 1 ~ 120 _I~4 3 4 187 198 
| 0 3 60 53 ~ 1 1 41. 3 ~ 4 61 -54 4 
7 #0 3 169 -169 I I 120 .132 3 ~ I0~ .103 5 

0 3 50 17 5 I ~ 227 -222 '~ ~ 155 164 O 
B O 3 148 -139 1~ I '~ 151 156 ~ 4 199 .192 1 
9 0 3 28- 12 6 1 1 48- 6 4 88 °83 T 
1 O O 4  119 117 ~ 1 ~ 55 -55 ~ ~ ~K)- 23 

0 6 43 52 1 58 .443 66 58 
0 4 115 -113 ~ 1 ~ 49 42 ~ 4 157 -137 3 

2 0 4 169 196 7 I I 75 45 ~ 62 66 
o 4 8o -88 ~ 1 ~ 49- . lO ~ 57 ~ 

3 0 4 290 303 7 1 ~ 82 -69 ~ 144 .142 
o 4 1`72 -178 ~ 1 T 78 73 6 4 1 ~  . 3 1  

~ 4  1 , 2 _ 1 8 6  : 1 1  ,o 44 6, ~ 64 ,4 
4 115 _124 1 ~  ~ 0 . . 1 5  5, 43 

5 0 4 64 -65 8 I 46. .it, E 7, III -I19 
0 4 99 89 8 1 ~ 57 53 7 4 127 .121 

6 0 4 42 38 9 1 ~ ~O- 3 ? 2~ 56 .59 

7 0 4 1`26 .1`29 § 1 T 33- .t 46. .31 
:oO, . ,o o 1 ~  1 , . 2 2 o  ; ~ ,0 65 

4 42 0 I 123 .125 27- 4 0 
: 0 5 277 2~9 ~ 1 2 71 -75 0 ~ 190 190 0 

0 5 121. 1`28 1 2  52 -49 0 282 306 1 
; o ~  135 1 ~  ; 1 ~  26, ,o3 ; 5 85 68 

0 1~0 1,.0 1 10~ .116 ~ 220 223 
; ; , 0 0 . , 0 1  ~ 1 2  35 .22 1 ~,. 1o , 

0 1 , 2 . 1 ,  1 ~  12, 13, , ~ 180 1,2 
, 0 ~  1 0 , . 1 ` 0 ,  ~ 1  ~ 0  415 [ 14, i ~  

o 2 , 2 . 2 ,  1 ~  ~ o . 4 ~  ~ 5, _46 

: ; 25 o 5  6 , _ 6 1  1 ,,_ 15 ~ ,3 .88 o ~ 1 ~  , 4 2  1 ~  311 .311 ~ 
, 0  ,6  , ,  4 1  283 2,2 3 1 1 2 . 1 0 ~  
, 0 5  1,~ 121 7 . 1 2  101 114 ~ ~ , .  16 
, o s  15. ~ 4 1 ,  64 .54 ~ 5 , 6 6 . 1 6 ,  
o o 6  66 55 7 . 1 ,  ,8 ,4 5 , 0 . 6 1  

, 0 6  82 ,1 , 1 2  , _  . ;  , , . 3 ,  5 
2 o .  ,6 . , ,  5 1 ' 2  ,2 .5 ~ 5 2 , . 2 ,  
~ 0 ,  , ,  ,3 , 1 ' 2  1,6 210 5 ,4 .82 

98 1 2 49- 8 3 139 .150 6 

~" t 1 ' ~ - 1 o 3  | I ; i O ~ . 1 1 3  '~ 2 | lAB 140 7 * 3 0  23- 21 
.,~ e ~ - 7 0 6  & 5 - ~ , 0  ~ 2 • •q 21 5 3 0  54 36 

~ ,  3 ,  , • ~ ~9-7 ~ 9. 4 43 -~0 3 3 0 142 .112 
4 4 -  7.t 7 ~ I 3 3 -  - I~" G" 2 7. 47 13 6 3 0  230 224 

5 ~-te q& ~ 2 ! ~ f  - ~ g  3 Z ]~ 68 - 7 •  ~ 3 0 168 - i ~  
g 150 fo~ - 7 2 1' ~.~ -(~'~. 6 2 L 172 -159 7 3 0  118 111 
,5" ~-b ~ B  ~ 2 7 9 9  loS" 1; 2 4 46 65 7 3 0 9 0 . - 7 1  
6 SO- -4  • 2 I ~ _  _7@ 6 2 J~ 52 63 8 3 0  34 021 

$7 ~l | Z ! 9,3- -33 i;  1~ ~ 79 -73 8 3 0  60 - 5 •  
11~ - l i 7  8 2 1' I~ 46 7 2 4 1(,3 -146  9 3 o 16- lO 

h 4q- 42 Jl 2 | 67 74 7 7 7. 53 41 O 3 1 119 -116 
147 14q q 2 ] 54) -~7 8 2 4 55 -48 O 3 ~ 70 90 

5O- . I  q 2 I 31 76 JJ 2 ~ 63 -74 1 3 1 237 -332 
6 I 36 . I  15 Q 2 T 14- 16 q 2 4 85 101 ! 3 1 230 .217 
h 84 65 O 2 2 377 -433 O 2 5 99 93 1 3 T 180 277 

177 125 O 7 ~ 112 I10 O ; 5 92 97 T 3 T 13- 22 
16q .175 I 2 2 462 -524 1 2 5 58 56 2 3 1 328 -375 

h $1. q T 2 7 ~,O -~q2 T 2 5 170 170 ~ 3 1 82 55 
92 78 I 2 ~ 217 234 I 2 3 111 -98 2 3 ~ 254 301 
43- 16 T 2 '2 293 -305 ! 2 ~ 291 319 '2 3 ] 199 -191 

[ 275 -2]H 2 2 2 34 22 2 2 5 143 -132 3 3 1 142 1"1 
IO9 92 ~ 2 2 56 -59 ~ 2 5 124 129 ~ 3 1 16J~ 142 

6 26. ~0 2 ~ '2 260 2,,i 2 2 ~ ~5- -~ 3 3 ~ ~ .  -33~ 
77 .81 ~ 7 ~ 30~ -301 '2 ~ ~ 83 83 ~ 3 ~ ~0. 41 
, ,  .~6 ~ 2 ~  2,0 28o ~ 2 ~  1 ~ , 2 ,  ~ ~ 1  133 124 

6 4~- 2~ 2 207 274 2 122 .122 1 1 ~  1 , 2  
48. -9 3 2 ~ 204 232 3 2 ~ 89 -97 4 3 ~ 159 .168 

6 O9 45 ~ 2 ~ 38 .13 ~ 2 ~ 51 25 7. 3 T 126 -102 
46 /-4 4 2 2 263 243 4 2 5 147 .143 5 3 I 168 163 

6 110 95 z 2 2 109 116 7. 2 5 IO3 -112 ~ 3 1 80 71 
[ I01 107 4 2 ~ 90 95 4 2 ~J 63 -67 ~ 3 ~ 3~ 18 

57 52 ~ 2 ~ /`8 J - I  ~ 2 ~ lOt . 11o  3 3 T 5.5 -53  
17. 80 2 329 295 5 2 68 .41 6 3 1 164 163 

7 166 .150 ~ 2 2 62 84 5 2 $ 47 *$5 ~ 3 1 142 -129 
? 50 38 5 7 '2 52 .50 5 2 5 ~•-  2 6 3 1 123 -127 
7 131 .122 ~ 2 ? 41 34 ~ 2 ~ 163 -177 t[ 3 ~ 1q3 160 
7 AO. -24 6 2 2 90 71 6 2 .5 194 172 7 3 1 ~3 33 
? 12~ 112 ~ 2 2 33- 44 ~ 2 ~ 42 -75 ? 3 1 104 -89 
7 117 .106 6 2 '2 160 -180 7 2 5 64 59 7 3 ~ 25- 027 
7 127 .112 [ 2 '2 125 139 '7 2 ~ 64 -70 ? 3 ~ 38 32 

8 3 88 7 7 2 48 .48 8 2 5 47 51 8 3 1 25- -7 
90 IO3 ? 2 2 45 -63 8 2 5 19- 40 8 3 1 IO- 029 

7 I 33 -131 7 2 ~ 97 .106 9 2 5 70 94 8 3 ~ 50 47 
7 46- -U- 7 2 '2 93 IO1 O 2 6 53 37 ~ 3 T 19. 14 
7 q7 -82 8 2 7 q8 -94 0 2 ~o 76 69 9 3 1 68 -63 
7 176 117 8 7 ~ 26 11 1 2 6 213 .191 O 3 2 115 -151 

77 -49 8 2 ~ 31. 32 ! 2 6 41 41 0 3 ~ 122 14q 
7 Io9 97 9 2 2 98 .111 1 2 ~ 111 109 1 3 2 280 -350 
7 bO 61 § 2 ~ 17- -59 T 2 I~ 42 25 ~ 3 2 262 -289 

92 88 0 2 ~ 1 8 9 - 1 9 8  ~ 2 6 226 -210 ~ 3 ~ 73 87 
102 118 o 2 210 -230 2 6 36 42 3 221 -25,O 

7 28- 14 1 7 3 26 17 2 2 ~ 134 128 2 3 2 285 -30~ 
8 23- .1.'- T 2 3 240 -245 '2 2 ~ 34- 29 ~ 3 2 20. -22 

67 77 1 2 ~ 132 -123 3 2 6 74 -74 2 3 '2 49 55 
21. 16 T 2 ~ 481 -556 3 2 6 97 94 '2 3 '2 190 .188 

8 161 181 2 2 3 318 315 3 2 ~ 34 IO 3 3 2 171 170 
8 21- 63 '2 2 3 160 .171 ~ 2 ~ 125 -125 '~ 3 2 264 258 
8 77 93 2 2 ~ 40 -33  4 2 6 103 26 3 3 ~ 93 98 
8 17. ~ '2 2 ~ 41 30 2~ 2 6 7- 54 ] 3 ~ 226 0223 
0 6- .14 3 2 3 250 238 4 2 ~ 80 0126 4 3 2 314 300 
O 237 .771 3 2 3 57 -60 ~ 2 ~ 221 -216 7* 3 2 193 184 
0 8 4 9  929 ~ 2 ~ 205 221 ~ 2 ~ 162 142 ~ 1 ~ 24- 9 
O 347 .349 2 327 330 2 31- 3 212 -19 
0 218 222 4 2 3 100 86 6 2 6 95 80 5 3 2 229 21q 
O 256 -256 ~ 2 3 34. 27 ~ 2 ~ 112 IO6 ~ 3 2 124 112 
0 263 .266 4 2 ~J 139 142 7 2 6 46 41 5 3 '2 26- .17 
0 5 7  -53 ~ 2 ~ 3  203 193 ~ 2 ~ 82 93 3 3 ~ 162 135 
0 42 6 5 2 59 -51 2 6 23- 22 6 3 25- 11 
0 196 o188 IJ 2 3 109 127 O 2 7 89 -84 ~ 3 2 24 25 
0 1 0 4 . 1 0 7  ~ 2 ~ 34 66 0 2 ~ 543 -8 ~ 3 ~ 6 '  -63  
O 73 64 2 189 201 1 2 99 -83 3 192 160 
O 72 -qO 6 2 3 245 -229 '[ 2 7 57 -50 7 3 2 !,18, -11.6 
0 14q 158 ~ 2 3 117 126 1 2 ? 82 83  ? 3 2 39 -3~ 
0 37 24 6 2 ~ 34 -8 ~ 2 ? 137 -124 7 3 '2 71 -65 
O 32- 8 ~ 2 ~ 72 88 2 2 7 111 -92 ? 3 '2 61  ̀ 52 
0 41 43 7 7 3 178 -162 '2 2 7 15- 37 8 3 2 !,36 -1`28 
0 24- 3q ? 2 3 33 50 2 2 ? 14- 95 8 3 '2 16- 8 
I 207 273 7 2 ~ 77 -92 ~ 2 ? 113 -I06 R 3 '2 49 "m 
! 73 -71 7 2 ~ 33- -17 3 2 7 32- 1 9 3 2 110 -103 
1 119 .135 8 2 3 43 -39 ~J 2 ? 109 -101 0 3 3 237 266 
1 66 -61 8 2  1 88 .91 ~ : 1 189 163 0 3 ~ 221 -246 

56 -56 92 28- 16 91 -77 13 5.5 59 
T 88 -93 § 2 " 3  1 5 . . 1 1 3  ~ ~ ; 182 153 T 3 3  ~ 21- .24 
1 417 .403  O 2 4  94 -87 5q 54 1 3 135 . 1 ~  
! 1120 143 0 2  T 7. 147 -152 ~ 2 ~ 11 ~ 52 ~ 1 ] ~ 3 1 8 9 . 2 1 8  
T 395 41q 1 2 4 178 173 2 - 95 158 185 

344 -325 2 4 52 41 7 2 7 - .14 3 242 -255 
I 389 3 ~  1 2  2~ 46 46 1 2 8  12- 0 2 3  ~ 64 57 
1 66 59 ~ 2 ~ 84 -96 2 2 8 78 98 2 3  ~J 21- -24 
I 11, 118 ~ 2 4  ~ ~4 3 : 8  12, 13, I 1 3  ,1 ,6 

lqO .192 2 4 33- -21 4 8 113 1`28 3 ~8 -AO 
I 127 116 2 2 J~ 153 -163 5 2 8 11. 21 3 3 ~ 211 236 
1 125 125 '2 2 ~ 41 40 O 3 O 184 -219 ~J 3 '~ 23- 46 
T 42 -27 3 2 4 37 -29 1 3 0 157 224 4 3 3 79 76 

197 . tqq ~. 2 4 6/ -65 ! 3 O ~ 7  2~1, T~ 3 3 26- -14 
1 29- -6 3 2 7., 50 -62 2 3 0 135 -165 4 3 ~ 184 207 

56 77 "] 2 ~ 53 37 '2 3 0 479 452 7:- 3 ~ 135 145 
42 -35 4 2 4 77 59 3 3 0 330 -337 5 3 3 24- -1 

T 80 -67 T, 2 4 56 -66 ~ 3 0 20- .1 3 3 3 45 38 
1 153 141 4 7 2~ 102 109 4 3 0 90 -86 5 3 ~ 88 103 
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Table 3 (cont.) 
3 ] 206 206 ~[ 3 7 73 -73 7 A 2 I I -  -17 q 4 5 . I I .  7 ) ~ 2 262 2&q ~ 5 lj 19- -9 5 6 2 102 .IQO 

6 3 3 185 -184 1 3 ? 13- q! 7 6 ~ 25- 4 O 4 4 qq -85 3 5 2 qO -91 6 5 5 70 79 ~ 6 ~ )0 -AO 
[ 3 ) 131 103 ~[ ) ? $1 -37 • & ? 20. 50 O 4 • ql 83 3 .5 ] 23. .18 g , 5 1 1 . . 1 3 6  6 6 2 l&$ -1116 
6 3 3 26- -14 2 3 7 ~ .31 8 " 4  2 163 -125 1 4 6 I )8  -122 3 5 ~ 180 -160 7 5 5 l&4 1N 6 6 ~ 2&-, .10 

3 3 86 7q 2 3 7 102 -106 8 4 2 14- 16 T 4 6 2`5- 30 6 , 2 23, 223 8 $ S 51 55 ~ 6 2 20- 19 
7 3 3 s7 - , 6  3 3 7 b6 ~7 s 6 2 14- 68 , , ~ , 2 ,  ~a ~ , 2 7~ 7 ,  o ,5 6 1 ,~  . 1 2 ]  7 + 2 137 . 1 ~ ,  
7 3 ~ 1o, , .  3 3 ? q6 3 8  ,J 6 2 4 ,  4 ~  t 4 ~ 4q 32 *. , ~ 2 . .  +`5 0 ,5 I 121 . 6  7 6 I ~ 2+ 
? 3 ~ 2&- .36 6 3 7 123 120 0 6 3 26 33 2 6 6 I04 -qA ~ 5 2 IQA o179 l '5 6 26 -29 8 6 2 69 -73 
8 3 3 2.5- -12 ~ 3 ? 16. -29 O 6 ~ lqb -207 2 4 b 70 79 ,5 ,5 2 46 °3.5 T 5 6 22 .16 9 6 2 7- 13 
| 3 3 121 -122 ' 3 7 162 167 1 4 3 Io7 ,18 2 *. ~ 21. .11 5 , 2 63 68 1 ,5 I~ 67 60 O 6 3 120 136 
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F o r m a l l y  the pen ta tomic  chelate r ings are main-  
ta ined but,  str ictly speaking,  each an ion  c a n n o t  be said 
ei ther  to chelate  one  Ca  2 ÷ or bridge two Ca  z÷. 

There  are in the s t ructure  two independen t  an ions  
(Fig. 3). The  dis tances  and  angles in them are c o m p a r e d  
(Table  6) wi th  dis tances  and  angles of  a model  r ing 
taken  f rom the c o m p o u n d s  of  t rans i t ion  metals.  The  
main  difference, occur r ing  in the model  ring, concerns  
the ca rboxyla te  g roup  where C(2)-O(1)  and  C(2)-O(5)  
are equal  for the ca lc ium c o m p o u n d  and  different for 
the t rans i t ion  metal  compounds .  This  clearly indicates  
the ionic charac te r  of  the bond  between ca rboxyla te  
and  calcium. 

Al toge the r  the s t ructures  of  the two independen t  
an ions  do not  differ f rom one a n o t h e r  a l t hough  their  
chemical  funct ions  are not  exact ly the same. In fact, 
in the r ing 1, the a toms  O(I .  I), 0(5 .1)  and  N(4.1) are all 
involved  in bonds  with  Ca while in the r ing 2, only  a toms  
O(1.2) and  N(4.2) are bound  to Ca and  0(5.1)  forms one 
s t rong  hyd rogen  bond  (2.59 A) with the water  molec- 
ule of  an ad jacent  p o l y h e d r o n  of  the same chain.  Even 
wi th  respect  to the p lana r i ty  o f  the pen ta tomic  r ing or 
of  par t  of  the anion,  the two independen t  molecules  
behave ana logous ly .  The  analys is  of  the p lanar i ty  
(Table  7) shows how a toms  O(1.1), C(2.1), N(3.1), 
0(5 .  I) lie in the same plane  and  a toms  O(1.2), C(2.2), 

N(3.2), 0(5 .2)  near ly  so. These  groups  o f  a toms  const i-  
tute a rigid body  in each molecule.  A t o m s  Ca and  
N(4.1) and,  even more,  a toms  Ca  and  N(4.2) are sig- 
nif icant ly ou t  o f  the p lane  of  the r igid por t ion  of  the 
molecule.  Here  the ca lc ium and  n i t rogen a toms  are 
on the same side o f  each respective ring. S i tua t ions  like 
these have  been found  for o ther  c o m p o u n d s  of  hydra -  
z inecarboxyl ic  acid and  ~-amino acids (F reeman ,  1967) 
as well cases where N(4) and  the meta l  a tom are on 
opposi te  sides o f  the rigid por t ion .  It can be deduced 
tha t  in these l igands the bonds  M e - O ( l )  and  N(3) -N(4)  
(or C ' - N  in ~-amino acids) can be sl ightly,  but  signi- 
f icant ly,  dis tor ted.  

The dis tances  involving hydrogen  a toms  are reason-  
able (Table  8). The  posi t ions  of  the hyd rogen  a toms  are 
in accordance  with  an  a p p r o x i m a t e  sp 2 conf igura t ion  of  
a toms  N(3.1) and  N(3.2) and  a s p  3 conf igura t ion  of  
a toms  N(4.1) and  N(4.2). The  s t ructure  of  the water  
molecule  0 (6)  is no t  c lear ly defined because it forms  
two s t rong hyd rogen  bonds  0 ( 6 ) . . .  O(5 .2 i )=2 .59  and  
0 (6 ) .  • • (5.2 v) = 2.72 A with  angle  125.8 ° between them.  
The hydrogen  a toms  have been found  a long  the O.  • • O 
direct ions  or nearby.  It is no t  possible,  therefore,  to 
es tabl ish the class of  this water  molecule ,  accord ing  to 
C h i d a m b a r a m ,  Sequeira  & Sikka  (1964). The  two hy- 
drogen  bonds  o f  the water  molecule  jo in  groups  of  the 

Table  4. Atomic peak heights (e.A-3), curva tures  (e.A -5) and e.s.d.'s 

Ca obs. 
calc. 

O(1.1) obs. 
calc. 

C(2.1) obs. 
calc. 

N(3.1 ) obs. 
calc. 

N(4.1) obs. 
calc 

O(5.1) obs. 
calc. 

O(1.2) obs. 
calc. 

C(2.2) obs. 
calc. 

N(3.2) obs. 
calc. 

N(4.2) obs. 
calc. 

0(5.2) obs. 
calc. 

0(6) obs. 
calc. 

e.s.d. 

0 - Ahh -- Ate -- Au Abe Aht Act 
50"0 537 350 633 - 68 -184  - 36 
50"8 537 352 625 - 69 - 182 - 37 
13-9 129 88 145 - 18 --48 -- 11 
14"0 129 89 144 - 17 - 4 7  - 11 
10"8 112 74 147 -- 13 - 4 3  --7 
11"1 113 74 147 --13 - 4 3  --7 
10"7 101 68 104 - 14 -- 37 - 8 
11"0 101 69 104 - 13 - 37 - 7 
11"6 110 74 124 -- 17 - 2 4  - 6 
11"7 111 74 122 - 19 --23 - 7  
13"4 129 85 142 - 1 9  - 4 4  - 8 
13"7 131 87 139 - 18 - 4 3  - 7 
13"8 124 87 145 - 9 - 4 6  - 1 3  
13"9 124 86 146 - 9 - 4 5  - 1 2  
9"4 95 58 89 1 - 2 4  4 
9"5 95 59 89 1 - 2 3  4 
9"3 81 60 92 - 7  - 38 - 9 
9"6 83 59 91 - 8  - 3 7  - 8  

10.6 91 67 112 - 17 -33  - 9  
10"8 92 67 111 - 18 - 3 2  - 9  
11"3 93 73 107 - 1 2  - 4 8  - 1 
11"6 94 72 107 - 13 - 4 6  --2 
12"5 114 78 123 - 12 - 36 - 10 
12"8 112 78 124 - 12 - 3 5  -- 10 
0"2 3 2 4 2 2 2 

0 0 
H(7.1) obs. I" 1 H(8.2) obs. 1" 1 

calc. 1.3 calc. 1-1 
H(8.1) obs. 1.4 H(9.2) obs. 1.1 

calc. 1.2 calc. 1"1 
H(9.1) obs. 0.8 H(10) obs. 0.8 

calc. 0.8 calc. 1.0 
H(7.2) obs. 0.3 H(I 1) obs. 1.0 

calc. 0.6 talc. 1.2 
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same chain.  The  connexions  between chains are given 
by a weak hyd rogen  b o n d  N(4-1 ) . - -O(5 .2v i )=2 .91  A. 
Other  contacts  are quo ted  in Table  9; a m o n g  these is 

the b o n d  N(3.2vii) . .  .O (5 .1 )=3 .25  A. A l t h o u g h  the 
hyd rogen  a t o m  lies a long  the line, the b o n d  c a n n o t  
be cons idered  to be a hydrogen  b o n d  because the 

Table  5. Main bond distances and angles (*) 

* Asymmetric units 

O(1.1) --Ca----N(4.1)  
Ca -----O(1.1)-C(2.1) 
O(1.1) --C(2.1)-N(3.1) 
C(2.1)--N(3.1)-N(4.1) 
N(3.1) --N(4.1)-Ca 
O(1.1)--C(2.1)-O(5.1) 
O(5.1)--C(2.1)-N(3.1) 

O(1.2)--Ca----N(4.2) 
Ca --O(1.2)-C(2.2) 
O(1.2)--C(2.2)-N(3.2) 
C(2.2)--N(3.E)-N(4.2) 
N(3.2) --N(4.2)-Ca 
O(1.2)--C(2.2)-O(5.2) 
O(5.2)--C(2.2)-N(3.2) 

Ca O(1.1) 2.497 (8)/~ 
Ca--N(4.1) 2.588 (14) 
O(1.1)-C(2.1) 1.266 (9) 
C(2.1)-N(3.1) 1-352 (8) 
N(a.1)-N(4.1) 1.430 (8) 
C(2.1)-O(5.1) 1.269 (7) 
N(4.1)-O(1.1) 2.700 (10) 

Ca O(1.2) 2.416 (13) 
Ca N(4.2) 2.592 (13) 
O(1.2)-C(2.2) 1.258 (13) 
C(2.2)-N(3.2) 1.361 (11) 
N(3.E)-N(4.2) 1-417 (11) 
C(2.2)-O(5.2) 1.272 (10) 
N(4.2)-O(1.2) 2.646 (11) 

Ca 0(6) 2.449 (13) 
C a - - O ( 1 . 2  ~) 2.437 (11) 
Ca O(1.1 li) 2.373 (9) 
Ca 0(5.1 ill) 2.486 (9) 

O(1.1)--Ca----O(6) 
O ( 6 ) - - C a - - - - O ( 1 . 2  i) 
O(1.2;)--Ca----O(1.2) 
N(4.2) - -Ca O(1.1) 
0(I .  Iil) -Ca----O(5.  I iii) 
O(l.l  ii) -Ca 0(1.1) 
0(1.1 li) -Ca 0(6) 
O( 1.1 ii) - C a - - - - O ( 1 . 2  i) 
O(1.1 ii) - C a - - - - O ( 1 . 2 )  
O(1.1 ii) -Ca--- -N(4.2)  
O(5.1ui)-Ca O(1.1) 
0(5.1 iii)-Ca----O(6) 
O(5. l iu)-Ca----O(1.2 l) 
0(5.1 iii)-Ca----O(1.2) 
O(5.1iii)-Ca----N(4.2) 

i - - x  - - y  - - z  
ii --x --y 1 --z 
iii x y -- 1 + z 
iv 1 --x --y --z 
v 1 --x --y 1 --z 
vi --x 1 --y --z 
vii --x 1 --y 1 --z 

64-1 (1) ° 
123.1 (3) 
118.3 (4) 
121.1 (6) 
112.6 (4) 
125.7 (5) 
115"9 (5) 

63"7 (2) 
123"6 (4) 
118"2 (6) 
118.5 (7) 
112-4 (4) 
125.2 (7) 
116-6 (9) 

75.0 (2) 
74.0 (2) 
80"6 (2) 
70"7 (2) 

145-4 (1) 
74"7 (1) 
95"8 (2) 
78-3 (2) 
80"8 (2) 
91.0 (2) 

139.6 (2) 
97.9 (2) 
75"3 (2) 
73-2 (1) 
97"4 (2) 

Table  6. Comparison of  distances and angles in compounds of  hydrazinecarboxylic acid 

Octahedral* 
complexes Ca(N'H2-NH. COO)2. H20 

mean mean 
Distance d Sb/tr2 Z9s o/.2 d t t 

O(1)-C(2) 1"293 (6)/~ 17"60 1"268 (5) 3"2 
O(5)-C(2) 1-224 (6) 16.62 18"48 5"6 
C(2)-N(3) 1"381 (7) 17"16 1"355 (6) 2"8 
N(3)-N(4) 1"422 (7) 10"05 1"425 (6) 0"3 

Angles & 
O(1)-C(2)-N(3) 116.74 (45) 17.65 18-27 (30) A 2-6 
C(2)-N(3)-N(4) 119-14 (42) 18.66 18.48 20.00 (50) 1.3 
O(1)-C(2)-O(5) 124.11 (50) 20.59 25.53 (40) 2-2 
O(5)-C(2)-N(3) 118-97 (49) 20.37 16.06 (40) 4.5 

Sb - 
* Weighted means have been calculated following Hamilton (1964) p. 115. The weighted mean was accepted if--~- -<Zx~- 

Values are!taken from Ferrari, Braibanti, Bigliardi & Lanfredi (1965), Braibanti, Manotti Lanfredi & Tiripicchio (1967), Brai- 
banti, Tiripicchio, Manotti Lanfredi & Camellini (1967), Braibanti, Tiripicchio, Manotti Lanfredi & Bigoli (1968), Braibanti, 
Manotti Lanfredi, Tiripicchio & Bigoli (1969), Braibanti, Manotti Lanfredi, Tiripicchio & Bigoli (1970). 

•d 
t t =  (O"12 q- O"22)1/2. 
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Fig.2. Coordination polyhedron around Ca2+. 

N . - .  O dis tance is well beyond  the accepted values for  
distances in bonds  o f  this k ind  (Wal lwork ,  1962). 
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Table  7. Analysis of  the planarity of  the chelate molecules 

(A) Ring 1 
Plane -3.2671x+6.2069y+O.4153z=0.3177 

in 
Atoms O(1.1) C(2.1) N(3.1) O(5.1) N(4.1) 

zl. 104 (/~) +13 +60 +18 +13 -1856 
tr 104 (/~,) 48 60 60 48 56 
~. (ZI/O') 2 1.24 

(A) The hypothesis of the planarity of atoms 'in' can be accepted with confidence. 

(B) Ring 2 
Plane - 6.2075x- 2.5552y + 1.8489z = 0.3355 

in 
Atoms O(1.2) C(2.2) N(3.2) 0(5.2) N(4.2) 

A . 104 (.~) -t-25 + 135 +40 --36 --3028 
tr 104 (/~) 42 58 58 51 62 
~" (,d/a) 2 6"75 

out 
Ca 

- 3094 

out 
Ca 

- 8 4 9 5  

(B) The hypothesis of the planarity of atoms 'in' can be accepted with caution: deviation A of C(2.2) is possibly significant, but 
the deviations z/ of atoms 'out' are much greater and highly significant. 

Angle between planes (A) and (B): 73.64 °. 

A C 27B - 15 
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Table 8. Bond distances and angles involving hydrogen atoms 

Interatomic bonds 
N(3.1)-H(7.1) 0.966/~, 
N(4.1)-H(8.1) 0.955 
N(4.1)-H(9.1) 1.005 

N(3.2)-H(7.2) 0.943 
N(4.2)-H(8.2) 0.892 
N(4.2)-H(9.2) 1.139 

O(6)---H(i0) 
O(6)--H(11) 

Hydrogen bonds 
O(6)--O(5.2 i) . 
O(6)---O(5.1 v) 
N(4.1)-O(5.2 v~) 

0.993 
0.917 

2.594 (15)/~ 
2.723 (18) 
2.909 (17) 

H(7.1 )--N(3.1 )-C(2.1) 129.1 ° 
H(7.1)--N(3.1)-N(4.1) 107.0 
H(8.1)--N(4.1 )-H(9.1 ) 115-1 
H(8.1)--N(4.1)-N(3.1) 112.3 
H(9.1)--N(4.1)-N(3.1) 108.9 
H(8.1)--N(4.1)-Ca 107-3 
H(9.1)--N(4.1)-Ca 99.9 

H(7.E)--N(3.2)-C(2.2) 121.4 
H(7.2)--N(3.2)-N(4.2) 120.1 
H(8.2) --N(4.2)-H (9.2) 105.9 
H(8.2)--N(4.2)-N(3.2) 109.3 
H(9.2)--N(4.2)-N(3.2) 109.1 
H(8.2)--N(4.2)-Ca 117.5 
H(9.2)--N(4.2)-Ca 101.9 

n(10) --O(6)--H(11) 132.7 

0(5.2 i) -0(6)--0(5.1 v) 125-8 (3) ° 
0(5.2 l) -H(10) -0(6) 158-6 
O(5.V%O(6)--H(10) 13.4 
0(5.1 v)-H(11) -0(6) 167.7 
0(5. lv)-O(6)--H(11) 8.2 
H(10)--O(6)--Ca 84.6 
O(5.20-O(6)---Ca 97"4 (2) 
H(11)--O(6)--Ca 122.2 
O(5.1v)-O(6)--Ca 124.7 (3) 
Y(4. l)--H(8.1)--O(5.2 "~) 157.2 
H(8.1)--N(4.1)-0(5.2v0 15.5 

Asymmetric units: see Table 5. 

Table 9. Shortest intermolecular contacts 

N(4.1)-O(6) 3.039 (20)/~ N(4.1)-O(6 iv) 
N(4.1)--O(5.1 m) 3.110 (11) N(3.1)-O(6 v) 
N(4.2)-O(1.1) 2.947 (13) O(5.1)-O(1.2 u) 
O(1.2)-O(5.1 m) 2.924 (17) O(1.1)-O(1.2 n) 
O(1.2)-O(6 i) 2.939 (14) O(1.2)-O(1.1 m) 
O(1.1)-O(6) 3.012 (11) O(5.1)-N(3.2 vu) 

Asymmetric units: see Table 5. 

3"112 (11) A 
3"078 (16) 
3"007 (16) 
3-105 (11) 
3"037 (10) 
3"250 (21) 
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