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The OD-groupoid family is 

2 .¼ 2 
P ( 1 ) c l  [ .] A(1)--m 1. 

The structure contains two kinds of large ordered do- 

mains with space group I1 - 1 and P1 " 1 corres- 
C C 

ponding to the strong maxima and the weak maxima 
respectively. Based on the OD theory, methods have 
been developed to determine the structures of the two 
kinds of layers (Figs. 5 and 6). The A layers (each of 
them contains only one O atom in the asymmetric unit) 
with the higher symmetry lie ordered (periodic vector 
a/2). The P layers may occupy either of two equivalent 
positions characterized by the vectors between the 
mirror planes of the A layers and the c glides of the ad- 
jacent P layers (. ¼.). 

The structures of domains MDO(1) and MDO(2) 
(Figs. 5 and 6) have been determined independently, one 
from the other, using sharp reflexions and strong max- 
ima, or sharp reflexions and weak maxima, respec- 
tively. For both kinds of domains the result of the 
structure determination is practically the same in agree- 
ment with our assumption (Table 3). 

The results of this paper show, that apparently dif- 
ferent modifications of calcium monoborate dihydrate 
described by Kravchenko (1964), Ozol, Wimba & Jev- 
insh (1964)and by Sedlacek (1966) and such modifi- 

cations which were assumed by mistake to be calcium 
diborate hexahydrate, described by Peacock & Vigfus- 
son (1939) and Ghose (1963) belong to the same OD- 
structure family as described in this paper. 

The different modifications are either members of 
this family with maximum degree of order (those des- 
cribed by Kravchenko and Ozol et al.) or one-dimensio- 
nally disordered members with different degrees of dis- 
order (those described by the other authors quoted 
above). The structure determined by Kravchenko is in 
very good agreement with the structure of domains 
MDO(1) and that determined by Ozol et al. is obvious- 
ly the same as MDO(2) (Table 3). Only the interpre- 
tation of the O - H - O  bonds is rather different (§ 6). 
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The Crystal and Molecular Structure of Ethylenebisbiguanidenickel(lI) CMoride 
Monohydrate, C6H16N10NiCI2.H20 
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Ethylenebisbiguanidenickel(II) chloride monohydrate, C6HI 6N 10Ni. C12H20, crystallizes in the mono- 
clinic system with a=6.905 (5), b= 11.680 (4), c= 18.038 (23)/~, fl= 101.41 (10) °, Dm= 1"740 g.cm -3, 
Z =  4, Dx = 1.750 g.cm-3; the space group is P2x/c. The structure was determined by using 1714 'observed' 
intensities collected on a General Electric XRD-5 diffractometer using Mo Ke radiation and the par- 
ameters were refined by least-squares until R= 0.031. The nickel atom is in square planar configuration 
with an average Ni-N bond length of 1.866 A. The tetradentate ethylenebisbiguanide ligand is essentially 
planar around the nickel. Through extensive hydrogen bonding involving the water of hydration and 
the two chloride ions, the molecules are formed into infinite sheets parallel to the (100) planes. Additional 
hydrogen bonds between the sheets create a rigidly bound structure. A particularly interesting feature 
of the hydrogen bonding is the discovery of five bonds involving the water of hydration. This report 
presents the third independent solution and refinement of the structure. A comparison with the structure 
reported by Holian & Marsh using the ~p half-normal probability plot, indicates that most of the stan- 
dard deviations derived in both studies are too small by a factor of about 1.7; some are too small by a 
considerably larger factor. 

Introduction 

The X-ray crystal structure study of ethylenebisbi- 
guanidenickel(II) chloride monohydrate was under- 

* Petroleum Research Fund Fellow 2022A3. 

taken owing to the interest in multidentate ligands and 
interest in organic compounds of transition metals. 
The present compound combines these qualities and 
is of special interest because of the tetradentate nature 
of the ethylenebisbiguanide ligand. 

After this study was completed, it was discovered 
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that  this crystal structure had  been examined by Hol ian  
& Marsh  (1970) and by Coghi, Mangia,  Nardel l i  & 
Pelizzi (1969)• The accuracy of the two sets of  diffracto- 
meter data (Holian & Marsh 's  and the present authors ')  
collected and interpreted independently in two dif- 
ferent laboratories using different radiations, makes 
for an interesting and worthwhile comparison of  the 
final structures. 

Experimental 
Prel iminary photographic  examinat ion of  a single crys- 
tal of  ethylenebisbiguanidenickel(II)  chloride mono- 
hydrate,* CrH16N10NiC12. HzO, showed the condi- 
tions for reflection to be hOl: h + l =  2n, and 0k0: k = 2n, 
uniquely determining the space group P 2 1 / n / f  Precise 
unit-cell parameters were determined on a General  
Electric XRD-5  diffractometer and single crystal 
orienter using Mo Ka radiat ion by least-squares re- 
f inement of  14 20 values. The crystal data are listed in 
Table 1. 

Table 1. C r y s t a l  d a t a  

Ethylenebisbiguanidenickel(II) chloride monohydrate 
C6H16NloNiC12. H20 F.W. 375"91 F(000) = 776 

Monoclinic, space group P21/c 
a= 6-905 (5) A 
b = 11.680 (4) 
c= 18.038 (23) 
,8= 101-41 (10) ° 

V= 1426.0/~3 Dm = 1"740 g.cm -3 
Z =  4 Dz = 1"750 g.cm -3 

* The crystals used in this investigation were supplied by Dr 
David J. MacDonald, Department of Chemistry, University 
of Nevada, Reno, Nevada, U.S.A. 89507. The preparation of 
the compound is described by MacDonald (1967). 

I" The P2x/n cell was used throughout this study of the 
structure. It is the 'best' choice of cell for this crystal in that 
r =  100.68 ° for P2a/n while r =  101.41 ° for P21/c. In the interest 
of accepting the setting of the first publications of the structure 
(Coghi et al., 1969; Holian & Marsh, 1970) and for making 
it less difficult to compare the results of this study with those 
of Holian & Marsh, all data and results have been transformed 
into the P21/c cell and the numbering of the atoms has been 
changed to be consistent with Holian & Marsh. 

The transformation matrices are: 

1 o - 1  
(hkl) x 0 - 1 0 = (h'k'l ') 

0 0 -  1 

I1°! (xyz) x 0 - 1 = (x'y'z') 
- 1  0 -  

1 0 0 0 00I  
0 1 0 0 0 !10 (flllf122fla3fl12fl13flZ3) X 1 0 1 0 1 0 ----(flll" f122" f133" 
0 0 0- -1  0 fl12tfl13'f123 ') 

- 2  0 0 0 - 1  
0 0 0 1 0 

where the unprimed parameters refer to P2a/n and the primed 
(') refer to P21/c and where the flij are in the usual matrix form, 
i.e. the term in the exponential of the temperature factor is 

3 3 

i = t  j = i  

The presence of one molecule of  water per formula  
unit  was determined from the weight loss of  a finely 
ground sample heated to l l 0 ° C  for 16 hours ;  a loss 
of  4.86 % was observed compared with a theoretical 
loss of  4.79 %. The density, measured by flotation in a 
b romoform-ca rbon  tetrachloride mixture is 1.740 
g.cm -3. For  Z = 4, the calculated density is 1.750 g.cm -3. 

The unique intensity data were collected by 0-20 
scans using zirconium-filtered Mo K a  radiat ion ( 2 =  
0.7107 A) and a General  Electric XRD-5  diffractometer 
equipped with a scintillation counter, pulse-height 
discriminator,  and a General  Electric single crystal 
orienter. The crystal was mounted  with the a axis 
parallel  to the spindle axis. Sixty-second scans (2 ° in 
20) were used with stationary backgrounds measured 
for 30 seconds each at the start and finish of  each scan. 
A chart recording of  diffracted intensity vs. 20 was 
monitored during data collection to ensure that  the 
reflections were centered in the scan range. The inten- 
sities of  the s tandard reflections moni tored during data 
collection showed no systematic variat ions;  there was 
no evidence of  radiat ion damage to the crystal. Of  the 
2228 unique reflections which were examined within 
the range 20<  48 °, 1714 had  an intensity greater than 
twice the standard deviation of  the intensity; the re- 
maining 514 reflections were coded as 'unobserved'  
and were not  included in the refinement• 

The individual  R values for the six most  intense 
reflections are considerably larger than the overall R 
value indicating possible coincidence loss errors al- 
though there is no pattern in the individual  R values. 
These reflections, each with the scan peak counts 
x 10 -4 and the individual  R values, are: 202, 196, 
11.1%; 011, 196, 7 .0%;  002, 155, 0 .9%;  200, 130, 
27.5 % ; 033, 88, 4-3 % ; and 212, 84, 0-2 %. These data 
are included in the final refinement. 

The dimensions of  the crystal were measured,  in 
preparat ion for applying absorption corrections, using 
a calibrated 'Whipple  disc' in the al ignment  telescope.* 

* See Ward & Caughlan (1971) for details of the measure- 
ment procedure. 
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Fig. 1. Bond lengths of the ethylenebisbiguanidenickel(II) 
complex ion and the water of hydration. 
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The crystal was well-shaped, bound by the planes { lOT}, 
{OOl}, {o11}, and {O~T}, and its dimensions in the 
directions of a, b, and c* were approximately 0"82 m m ,  
0.28 mm, and 0.13 ram, rcspcctively. The linear 
absorption coefficient for Ms K~ radiation is 18.21 
cm-~; absorption corrections wcrc applied using the 
method of de Meulenacr & Tampa (1965) calculating 
transmission coefficients (I/Io) ranging from 0"895 to 
0.763. 

Structure determinat ion and ref inement 

All calculations were carried out on an XDS Sigma 7 

cÜmputcrº* AtÛmic scattcring factors wcrc takcn from 
I~ternational ~bi~s for X-ray Crysta//ogr~phy (1962) 
for all atoms other than hydrogen; those for hydrogen 

* C o m p u t e r  p r o g r a m s  u s c d  w e r e  b y  F .  R .  A h m e d  a n d  co- 
workers (NRC-2, Data Rcduction and Tape Gcncration; 
NRC-8, Fourier for Distorted and Undistortcd INcts; NRC-10, 
Structure Factor Lcast Squares (Block Diagonal); and NRC- 
12, Scan of Intcratomic Distances and Anglcs, National Rc- 
scarch Council, Ottawa, Ontario, Canada) and Busing & Lcvy 
(1959). Thcsc programs wcrc locally modified for usc with thc 
XDS Sigma 7 computcr. Othcr programs wcrc written locally 
by C. N. Caughlan, E. L. Enwall, G. D. Smith, D. L. Ward, 
a n d  K .  D .  W a t c n p a u g h .  
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Table 3. Parameters of  non-hydrogen atoms and theh" estimated standard deviations 

The expression for the anisotropic temperature factors is in the form 
exp [ -- (ill 1 h2 - -  i 2 2  k 2  - -  f l 3 3 / 2  - -  f l l  2hk - fll 3hl- f123kl)] 

Positional parameters x lOS Thermal parameters x 105 
x/a y/b z/c fill fl22 fl33 fl12 ill3 123 

Ni 25732 (8) 3911 (5) 884 (3) 1382 (13) 364 (4) 155 (2) 10 (14) 204 (8) - 1 4  (4) " 
CI(1) 24722 (20) -36131 (10) -27530 (7) 2544 (38) 608 (11) 288 (5) -86  (32) 322 (22) -228 (12) 
C1(2) 33294 (23) -2866 (11) -34622 (7) 4175 (49) 570 (11) 229 (5) -448 (38) 280 (24) 106 (12) 
O 12338 (61) -44841 (34) - 12580 (20) 3880 (134) 1256 (44) 325 (15) -800 (124) 652 (70) -290 (44) 
N(1) 28924 (54) 7859 (28)  11031 (19) 2143 (109) 404 (29) 167 (13) - 3 4  (88) 310 (60) 16 (30) 
N(2) 36003 (59)  19295 (32)  21832 (20) 2826 (130) 654 (37) 164 (14) -370 (108) 272 (68) -76  (36) 
N(3) 36336(56) 27037 (29)  10203 (19) 2363 (116) 382 (30) 193 (14) -300 (92) 192 (62) -88  (32) 
N(4) 34903 (61)  38741 (30) 51 (19) 3366 (135) 417 (31) 184 (14) -324 (106) 394 (70) --58 (32) 
N(5) 29596 (50)  19055 (28) -1901 (18) 1716 (105) 389 (30) 183 (13) -26  (84) 226 (58) --20 (30) 
N(6) 22583 (51) 377 (27) -9417 (19) 1741 (103) 411 (29) 158 (12) 92 (82) 214 (56) --56 (30) 
N(7) 17480 (64) -11330 (32) -20065 (21) 3271 (138) 546 (34) 206 (15) 6 (108) 410 (72) -148 (36) 
N(8) 16406 (55) -19202 (28) -8617 (19) 2333 (115) 358 (30) 207 (14) -28  (92) 294 (64) -104 (32) 
N(9) 15385 (62) -30725 (30) 1507 (22) 2943 (131) 406 (32) 289 (16) -174 (106) 258 (72) 72 (36) 
N(10) 21747 (54) -11245 (29) 3347 (20) 2075 (109) 408 (30) 205 (14) -16  (90) 398 (62) 4 (32) 
C(1) 33802 (63)  17477 (36)  14286 (24) 1310 (115) 501 (38) 220 (16) 166 (102) 244 (70) - 1 6  (40) 
C(2) 33241 (62)  27930 (35) 2424 (23) 1481 (116) 413 (35) 208 (16) -96  (102) 348 (68) 42 (38) 
C(3) 25743 (75)  21157 (37) -10077 (24) 3084 (162) 481 (39) 151 (16) -236 (126) 326 (80) - 4  (40) 
C(4) 26864 (70) 9901 (38) -14201 (24) 2243 (140) 566 (40) 177 (16) 4 (118) 432 (78) 38 (42) 
C(5) 19071 (64) -9522 (37) -12644 (23) 1519 (118) 557 (38) 166 (16) 182 (108) 198 (68) - 8 4  (38) 
C(6) 18248 (59) -20093 (36)  -967 (24) 1117 (112) 423 (36) 265 (18) 138 (96) 156 (96) 22 (40) 

were taken f rom Table II of  Stewart, Davidson & 
Simpson (1965). Anomalous  dispersion corrections 
were applied for nickel (Af '=0 .4 ,  A f " =  1.2) and for 
chlorine (Af' = O. 1, A f"  = 0.2). 

The positions of  the nickel and one chlorine were 
determined f rom an E map  calculated using 230 reflec- 
tions whose signs had been determined by the symbolic 
addit ion procedure (Karle & Karle,  1963). Several 
repetitions of  Fourier  syntheses yielded the positions 
of  all the non-hydrogen atoms. Ful l -matr ix least- 
squares refinement, refining all atoms anisotropically 
and using uni t  weights, reduced R to 5.8 % and Rwta to 
8.1%. The weighting scheme used for the remainder  
of  the refinement was that  described by Stout & Jensen 
(1968). Absorpt ion corrections were applied, reducing 
R to 4-9 % and Rwta to 6"1%. 

A difference Fourier  synthesis was calculated and 
yielded the positions of  all 18 hydrogen atoms. Block- 
diagonal  least-squares refinement, refining hydrogen 
atoms isotropically and the non-hydrogen atoms aniso- 
tropically, and applying anomalous  dispersion cor- 
rections for nickel and chlorine, reduced R to 3.12 % 
and Rwta to 4.87%. Table 2 gives the observed and 
calculated structure factors for the 'observed'  reflec- 
tions included in the refinement. 

The s tandard deviation of  an observation of  unit  
weight was 0-9619 after the last cycle of  full-matrix 
least-squares refinement. This quanti ty is given by 

( ~w(Fo-_Fe)Z] ''z 

N O -  N V  / 

where w is the weight, Fo and Fc are the observed and 
calculated structure factors, NO is the number  of  
observed structure factors, and N V  is the number  of  
parameters varied during the last cycle of  refinement. 

The structure 

All atoms lie in general positions. The posit ional  and 
thermal  parameters are shown in Table 3 for the non- 
hydrogen atoms and in Table 4 for the hydrogen atoms,  
the root-mean-square ampli tudes for the thermal  el- 
lipsoids are shown in Table 5. The nickel atoms are 
in square p lanar  configuration and lie nearly along the 
lines x ,0 ,0  and x, 2,21 1 with distances of  3.621 (1) and 
3.549 (1)/~ between the nickels on each of  these lines. 

Table 4. Hydrogen atom parameters and their estimated 
standard deviations 

Positional parameter × 10 4 

x/a y/b z/c B 
H(1) 2752 (57) 309 (33) 1450 (22) 3"7 (1"0) 
H(2) 3857 (72) 1299 (40) 2510 (27) 6"6 (1-4) 
H(3) 4364 (61) 2388 (35) 2336 (23) 4"4 (1-1) 
H(4) 3895 (59) 3276 (32) 1252 (22) 3-9 (1"0) 
H(5) 3497 (48) 4368 (27) 311 (18) 1"6 (0"7) 
H(6) 3149 (62) ~,023 (35) -464 (24) 4"4 (1.1) 
H(7) 1098 (81) 2454 (45) -1198 (30) 8"6 (1-6) 
H(8) 3676 (62) 2640 (36) -1127 (23) 4"6 (1"1) 
H(9) 4167 (53) 902 (31) -1511 (20) 2.8 (0"9) 
H(10) 1727 (59) 982 (33) -1935 (22) 3-7 (1.0) 
H(l l)  2199 (66) -580 (37) -2273 (25) 5"3 (1"2) 
H(12) 1773 (62) -1835 (36) -2134 (23) 4"8 (1.1) 
H(13) 1335 (59) -2531 (33) -1080 (22) 4"0 (1"0) 
H(14) 1391 (65) -3561 (38) -174 (24) 5"4 (1-2) 
H(15) 1895 (76) -3399 (41) 580 (28) 7"2 (1-4) 
H(16) 2175 (70) -1320 (38) 756 (26) 5"7 (1-3) 
H(17) 1898 (91) -4536 (51) -1503 (34) 10.9 (2-0) 
H(18) -23  (84) -4860 (48) -1382 (33) 9"4 (1"7) 

The bond lengths within the ethylenebisbiguanide- 
nickel(II) complex ion and the water of  hydrat ion are 
shown in Fig. 1; the bond angles are shown in Fig. 2. 
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Table 5. Principal axes of thermal ellipsoids 

R.m.s. amplitudes (A) 
Ni 0.179 0.160 0.154 
CI(1) 0.244 0.237 0.179 
CI(2) 0.317 0.206 0.177 
O 0.327 0-273 0.213 
N(1) 0-223 0"168 0"162 
N(2) 0"260 0"208 0" 167 
N(3) 0-239 0"180 0"152 
N(4) 0"282 0-181 0" 164 
N(5) 0"202 0" 168 0" 159 
N(6) 0"202 0"172 0"154 
N(7) 0.277 0"207 0-161 
N(8) 0"232 0-195 0"146 
N(9) 0"265 0"220 0" 162 
N(10) 0"220 0"173 0"168 
C(1) 0.193 0.181 0.166 
C(2) 0.192 0.178 0-161 
C(3) 0.268 0.177 0.166 
C(4) 0.227 0.198 0.165 
C(5) 0-206 0.181 0.161 
C(6) 0.196 0.179 0.159 

The bond lengths found in the isostructural ethylene- 
bisbiguanidecopper(II) chloride monohydrate by Kun- 

I 0~,0(~)~1127.7(29) 133.0(341 L07.1(46) 

/ ' ~ '  (30) ~ 89.65 / ~u) (37) k 
t .... x (15) / ~ 112.8(2/) 

N(I)--Ni--N(6) 178.35(15) 
N(5)--NI--N(10) 178.40(15) 
N(5)--C(3)--H(7) 110.6 (28) 
N(5)--C(3)--H(8) 107.6 (23) 
C(4)--C(3)--H(7) 107.2 (28) 
C(4)--C(3)--H(8) 108.1 (23) 

H(l)--C(3)--H(8) 113.9(36) 
N(6)--C(41--H(9) 108.9 (19) 
N(6)--C(41--H(10) 110.5 (22) 
C(3)--C(41--H(9) 107.2 (19) 
C(3)--C(4)--H(I0) III.2 (22) 
H(9)--C(4)--H(10) 109.6 (29) 

Fig. 2. Bond angles of the ethylenebisbiguanidenickel(II) 
complex ion and the water of hydration. 

chur & Mathew (1966) are longer than those found in 
this study of the nickel(II) analog. A comparison of 
the averages of the lengths of several types of bonds 
determined in the two structures is shown in Table 6. 

The tetradentate ethylenebisbiguanide ligand is es- 
sentially planar around the nickel. Least-squares planes 
were calculated using several sets of atoms within the 
complex ion and using unit weights for each atom. 
The nickel and the four coordinating nitrogen atoms 
lie very close to a plane; the deviation for the nickel 
atom is 0.0013 A and the deviations for the nitrogen 
atoms are -0-0001 A for N(1) and N(6) and -0.0005A 
for N(5) and N(10). The maximum deviations (exclud- 
ing hydrogen atoms) from the plane of the complex 
ion are +0.16 A for the ethylene carbon atoms; the 
deviations for the remaining atoms are less than 0.08 A. 
The maximum deviations from the individual six- 
member rings are 0.04 and 0.02 A. 

Characteristics appear in the six-member rings which 
indicate a conjugated or 'aromatic' system. These are 
(1) the planarity of the rings; (2) the bond angles of 
approximately 120°; (3) the coordination of only three 
atoms around each carbon and nitrogen in the rings; 
and (4) the shortened C-N bond lengths and the slightly 
elongated C=N bond lengths. The planarity and angles 
of the terminal -NHz groups with respect to the six- 
member rings and the shortened C-N bond length 
together indicate that these may also be involved in 
the conjugation. 

The work of Brown (1967) showed no distinction 
between double and single C-N bonds in the struc- 
ture of 1-p-chlorophenyl-5-isopropylbiguanide hydro- 
chloride. His C-N bond lengths ranged from 1.307 to 
1.345 A and he interpreted this as an indication of 
z~-bonding even though the biguanide portion of the 
molecule was far from planar. The planarity of the 
six-member rings in the present compound makes it 
easier to speak in terms of n-bonding, delocalization, 
and aromaticity to explain the observed bond lengths. 

Through extensive hydrogen bonding involving the 
water of hydration and the two chloride ions, the 
molecules are formed into infinite sheets parallel to the 

Table 6. Comparison of the average bond lengths in ethylenebisbiguanidecopper(II) chloride monohydrate with 

Square M-N 

Ring C=N 

Ring C-N 

Terminal C-N 

Ethylene C-N 

Ethylene C-C 

those in three studies of  the nickel(II) analog 

Copper(II) Nickel(II) 
^ 

Kunchur & Present Holian & Cogli et 
Mathew (1966) study Marsh (1970) al. (1969) 

1.965 A 1.873 (3) A 1.872 A 1.858 A 
1.961 1.859 (3) 1.858 1.853 

1"323 1"294 (5) 1 "293 1-312 
1.323 1.284 (5) 1.286 1-295 

1.410 1-375 (5) 1.380 1.358 
1-410 1.367 (5) 1-369 1.359 

1.369 1.344 (5) 1.343 1.332 
1-375 1.353 (5) 1.353 1.355 

1.481 1.470 (5) 1.473 1.458 

1.529 1.519 (6) 1.510 1-518 
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(100) planes. These sheets are perpendicular to the 
c glide and the molecules within one sheet are related 
to each other solely by the glide relationship. Fig. 3 
shows the molecules and the hydrogen bonding in 
one of these sheets as projected onto the (100) plane. 
Fig. 4 shows the entire structure and the hydrogen 
bonding as projected along the b axis. 

Hydrogen bonding 

The criterion of Hamilton & Ibers (1968) was used to 
ascertain whether a hydrogen bond exists between two 
electronegative atoms. Knowing that a hydrogen atom 
lies approximately along the line connecting the two 
electronegative atoms, a hydrogen bond exists if the 
distance from the hydrogen to the more weakly bound 
atom is considerably less than the sum of the van der 
Waals radii. 

The following van der Waals radii were obtained 
from Bondi (1964): C1, 1.75 A; 0, 1.52 A; N, 1.55 •; 
aliphatic C, 1.70 A; aliphatic H, 1.20/~; and aromatic 
H,  1.0/~. All hydrogen bond interactions involving 
the water of hydration and the two chloride ions are 
listed in Table 7. A. • • Be,it and H- • • Be,it are the sums 
of the appropriate van der Waals radii; A...Bobs and 
H.- 'Bobs are the experimentally-determined values. 
As the six-member rings appear to have 'aromatic' 
character, the entries in Table 7 involving hydrogens 
bound directly to the rings are for 'aromatic H'. 

The coordination of hydrogen atoms around the 
oxygen is a distorted trigonal bipyramid. The atoms 
0, H(14), H(17) and H(18) lie nearly in a plane with 
the angles 

H(14)-O-H(17) 132.8 (50) ° 
H(14)-O-H(18) 108.3 (36) 
H(17)-O-H(18) 118.6 (60) 

sum = 359.7 ° 

The atom H(6) is in an axial position with the angles: 
H(6)-O-H(14) 84.2 (15) ° 
H(6)-O-H(17) 89.2 (50) 
H(6)-O.H(18) 99-8 (35) 

The atom H(13) is considerably distorted from the 
axial position with the angles: 

H(13)-O-H(14) 53-4 (15) ° 
H(13)-O-H(17) 98.8 (50) 
H(13)-O-H(18) 119.3 (35) 

This coordination around oxygen is very similar to 
that found by Ibers, Hamilton & MacKenzie (1964) 
in their study of sodium perxenate octahydrate in 
which two hydrogen atoms in a water molecule also 
lie in equatorial positions in a trigonal bipyramid. 

One chloride ion is five-coordinate and the other 
is six-coordinate. This appears to be dependent on 
the packing rather than on any ideal coordination 
geometry. The positions of the hydrogen atoms in the 
complex ion appear to be governed primarily by 

3 t4  4 7 8  

UJ'" I 
/Y-~ ' - -  ,'" / k / "  - .  I 

.. J," ~ .Y ,~ \ o  ~ /  ll.,~ ">... Y 

7 / °'t 
L i ,' 1 I ',, k _  

# t x n . "  " ~  l A e J  - . . . . .  ~ I I 

~ I  ~ -" "'-, ~ J '"  -". - ' I l l  

\ o L _ _ J  ° . . . . . .  %. . .  ",,_ __ Jo 
o---H O---N O---C e---O (~)---CL O---Hi 

Fig. 3. Crystal structure of ethylenebisbiguanidenickel(II) chloride monohydrate projected onto the (100) plane. The molecules 
in one of the two layers parallel to the (100) planes are shown with the hydrogen bonds in that one layer. 
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the covalent bonding geometry within the complex 
ion. Both chloride ions have four hydrogen bonds 
within each sheet parallel to the (100) planes; CI(1) has 
one additional bond to a hydrogen atom in an adjacent 
sheet while C1(2) has two additional bonds, one each 
to a hydrogen atom in both adjacent sheets. 

Comparison 

Coghi et al. (1969) do not give a table of atomic 
positions or thermal parameters thereby leaving only 
bond distances (and angles) and cell dimensions for 
comparison. The cell dimensions determined in the 
present study agree with those of Holian & Marsh to 
within one standard deviation while they differ from 
those of Coghi et al. by two to seven standard deviations 
The average lengths for the different types of bonds 
within the complex ion are listed in Table 6 for the 
three studies of ethylenebisbiguanidenickel(II) chloride 
monohydrate and also for the isostructural copper(II) 
analog. Except for the ethylene C-C bond length, the 
present study agrees with the values of Holian & 
Marsh to within one standard deviation. With only 
three exceptions, the present study differs from the 

values of Coghi et al. by two or more standard devia- 
tions. 

This pattern of agrecmcnt and disagreement is not 
surprising in that Coghi et al. obtained their data from 
Weissenberg films and refined their parameters to a 
final R of 9.2%, whereas Holian & Marsh used dif- 
fractometer data which refined to a final R of 4-8 %. 
As the present study also used diffractometer data 
which refined to a low final R, a further comparison 
of the two structures is indicated. 

Crystals for the two studies came from different 
sources. Holian & Marsh used Ni-filtered Cu K~ 
radiation; the present study used Zr-filtered Mo Ke 
radiation. The difference in radiations led to differences 
in the refinement: Holian & Marsh refined a secondary 
extinction parameter, applied only the real term for 
nickel in correcting for anomalous dispersion, and did 
not apply absorption corrections due to the small 
crystal size; in the present study, no correction for 
secondary extinction was made, both the real and 
imaginary terms for both nickel and chlorine were 
applied in correcting for anomalous dispersion, and 
absorption corrections were applied. Holian & Marsh 
ended their refinement when their largest parameter 

Table 7. Hydrogen bonding 

Atoms  wi thout  superscript  refer to the posi t ion x , y , z ;  (') refers to - x ,  
½-x,½+y,½-z.  

Bond 
A - - - H "  • "B 

N(2') .... H(2') ..... CI(2) 

N(3") --- H(4") .... CI(2) 

N(4") --- H(5") .... CI(2) 

N(7) .... H(I I) .... CI(2) 
N(9") --- H(I 5") ." CI(2) 

O ( 1 ' " )  - - -  H ( 1 8 ' " ) .  • • C1(2) 
N(I") ---S(l") .... Cl(1) 
N(2') .... H(3') ..... CI(1) 
N(7) .... H(I 2) .... CI(1) 

N(10")---H(16") ...CI(1) 
O(I) .... H(17) .... CI(1) 

N(4) .... H(6) ..... O(I) 
N(8) .... H(13) .... O(I) 
N(9) .... H(14) .... O(I) 

- y, - z; (") refers to ½ + x, ½ - y, ½- + z; ('")refers to 

Angle Calculated Observed Difference Calculated Observed Difference 
A - - - H "  • "B A" • "B A" • "B A" • "B H" • "B H" • .B H" • "B 

142-9 (31) 3.30 3.401 (4) -0 .101  2.95 2-613 (46) 0.337 
152.9 (40) 3.30 3.178 (4) 0.122 2.75 2-448 (38) 0.302 
157.8 (31) 3.30 3.243 (4) 0.057 2"95 2.507 (32) 0.443 
140.5 (37) 3.30 3.191 (4) 0"109 2"95 2.446 (44) 0.504 
163"4 (46) 3.30 3.198 (4) 0.102 2.95 2.379 (49) 0.571 
163"3 (48) 3.27 3.230 (4) 0.040 2.95 2.300 (58) 0.650 
168.0 (37) 3.30 3.319 (4) - 0 . 0 1 9  2.75 2.475 (38) 0-275 
166.8 (39) 3-30 3.342 (4) - 0 . 0 4 2  2"95 2.595 (42) 0.355 
161.9 (37) 3.30 3.274 (4) 0.026 2.95 2.453 (40) 0-497 
163.9 (43) 3.30 3.426 (4) - 0 . 1 2 6  2.75 2.650 (46) 0.100 
139.4 (60) 3.27 3.155 (4) 0-115 2.95 2.591 (59) 0.359 
138.5 (40) 3.07 3.144 (5) - 0 . 0 7 4  2.72 2.463 (46) 0.257 
157-3 (36) 3.07 3-079 (5) - 0 - 0 0 9  2.52 2.308 (38) 0.212 
162.6 (41) 3.07 3.002 (5) 0.068 2.72 2.221 (42) 0.499 

"....... , o ," ,o ,"i, I 

o--H o.-~ o--o o--o ®-.¢t O-N, 

Fig. 4. Crystal  s t ructure  of  ethylenebisbiguanidenickel(II)  chloride m o n o h y d r a t e  projected along the b axis. 
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shift was about  0.27 times the s tandard deviation; the 
present study was refined unti l  the parameter  shifts 
were less than about  0.15 times the standard deviation. 
An addit ional  difference between the studies was our 
failure to scale together the individual  blocks of  data 
(due to programming errors discovered after the pre- 
sent study was completed). In view of  these differences 
between the studies, a close agreement in the final 
structures would reassure us of  the correctness of  the 
structures. 

The average difference in the x, y, or z parameters 
for the non-hydrogen atoms is slightly less than the 
average of the s tandard deviations; no individual  dif- 
ference is as great as three times the individual  s tandard 
deviation. The thermal  parameters for the non-hydro-  
gen atoms show close agreement. The average dif- 
ference in the fill,/322, and tan is about  twice the average 
of  the s tandard deviations;  the magnitudes in the 
present study average about  5 % greater. Not  a single 
]?12, fl13, or fl23 differs in sign and the average difference 
is about  0-7 times the average of  the standard devia- 
tions; the magnitudes are essentially equal in the two 
structures. 

The average difference in the x, y, or z parameters 
for the hydrogen atoms is less than 1.3 times the average 
of  the standard deviations;  four individual  differences 
just  exceed three times the individual  s tandard devia- 
tions. Hydrogen H(17) in the water of  hydrat ion shows 
the greatest deviation between the two structures. The 
hydrogen temperature factors follow essentially the 
same pattern with the average in the present study 
being greater by nearly 20 %. The standard deviations 
referred to above are those of  the present study. 

The Z 2 test (Hamil ton,  1969) was applied to test the 
agreement between the parameters reported by Hol ian 
& Marsh  and those obtained in the present study. The 
results are listed in Table 8. There appears to be little 
or no significant difference between the posit ional 
parameters of  the heavy atoms;  however there are 
significant differences in the fl~j's and in the hydrogen 
posit ional parameters.* Round-off  errors may  con- 
tribute to the differences in that Hol ian & Marsh  

* As a systematic error in the intensity data could con- 
ceivably lead to such differences, especially in the fl~'s, the data 
were re-reduced (this time applying the proper scaling), the ab 
sorption correction was applied, and 4 cycles of block-diagonal 
least-squares refinement were applied leading to a final R of 
2"87 %. The X 2 test was applied to compare these parameters 
with those of Holian & Marsh. The agreement of a few param- 
eter types (flll and hydrogen y) were improved but the ap- 
parent overall agreement was reduced. 

A possible explaination for this phenomenon requires an 
examination of the mathematical procedure. As the parameters 
in the present study are further refined with a data set which 
is free from systematic errors, the estimated standard devia- 
tions become smaller. The standard deviation of the difference 
then becomes smaller and the weighted difference becomes 
larger for an equal unweighted difference [see equations (13) 
and (12), respectively, of Hamilton (1969)]. Thus the Z 2 test 
would be likely to show poorer agreement with further refine- 
ment if the one structure did not refine towards the other's 
parameters. 

give their heavy a tom parameters to only 4 decimal  
places and their hydrogen positional parameters to 
only 3. 

Table 8. Z 2 test on parameter types 

Significant values at the 0.05 level are given in parentheses. 

Heavy atoms 
x 32 (30) 
y 28 (30) 
z 26 (30) 
fin 191 (30) 
fl22 376 (30) 
fl33 307 (30) 
/h2 9 (30) 
fl13 65 (30) 
fl23 11 (30) 
All positional 86 (78) 
All thermal 959 (146) 
All parameters 1045 (212) 

Hydrogen atoms 
x 4149 (28) 
y 664 (28) 
z 565 (28) 
B~so 25 (28) 
All positional 5378 (71) 

A 5p half -normal  probabi l i ty  plot was prepared 
(Abrahams & Keve, 1970; Abrahams,  1970) and is 
shown in Fig. 5. Values of  fi~t were taken as 

IHM P a r a m e t e r ( / ) -  WCS Parameter(i)l  
5~°'= [a~(HM) +~r (WCS)] 1/z 

where H M  refers to Hol ian  & Marsh  and WCS refers 
to the present study. 

The 5p half -normal  probabil i ty plot was inter- 
preted (Abrahams,  1970) as follows. 'It  is immediately 
seen that 240 of  the 252 total number  of  parameters 
form a relatively l inear plot, with zero intercept, and 
with a slope of  1.7. Assuming an equal error distribu- 
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Fig. 5. Half-normal probability plot of 252 ~,i derived from 
the comparison of the atom parameters reported by Holian 
& Marsh (1970) and those of the present study. 
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tion in the HM and WCS standard deviations, this 
can only mean that both determinations have under- 
estimated these standard deviations by a factor of 1.7. 
The additional 12 parameters are, with two exceptions 
all heavy atom thermal parameters. These clearly 
belong to a different distribution from the first 240 
parameters (which in fact include the hydrogen para- 
meters). A simple, and probably only partially correct, 
interpretation is that these 10 heavy atom thermal 
parameters belong to a distribution with a slope of 
3.6, i.e. that these all have estimated standard deviations 
too small by a factor of 3.6. It is probably more correct 
to say that these parameters are characterized by a 
non-normal random error distribution, with highly 
systematic errors either in the parameters themselves 
or in their standard deviations'. 

The good agreement with the results of Holian & 
Marsh, with respect to the heavy atom positional 
parameters, indicates that both determinations of the 
overall structure are likely to be correct. 

The differences in thermal parameters and in the 
hydrogen parameters may be attributed to errors in 
one or both sets of data, or to failures to apply neces- 
sary corrections to the data, or to incomplete refine- 
ment. The data set in the present study may be suf- 
fering from coincidence loss errors in the strong inten- 
sities. Holian & Marsh did not apply an absorption 
correction to their intensity data. The present study 
was refined far beyond normal limits, even though the 
shifts were relatively small and the R value was not 
improving significantly, since some hydrogen atoms 
continued to have parameter shifts consistently in the 
same direction. 

It appears likely that, by applying absorption cor- 
rections to the data of Holian & Marsh and by 
eliminating errors in the strong intensities in the present 
study followed further refinement of both sets of 
parameters, the agreement between the two sets of 
parameters would show considerable improvement. 
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