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THE PHENOMENON OF CONGLOMERATE 
CRYSTALLIZATION. XXVI. THE CRYSTAL AND 

MOLECULAR STRUCTURE OF RACEMIC 
NH4[Cr(EN)20X]CL2-H20 (I) AND ATTEMPTS TO 

PREPARE NH~[CO(EN)~OX]CL~*H~O (11) 

IVAN BERNAL,* JOZEF MYRCZEK,** BERNARD J. LUGER'" and 
MATTHEW L. NGUYEN' 

Chemistry Department, University of Houston, Houston, Texas 77024-5641, U.S .A.  

(Rereitled 3 August 1992) 

NH4CCr(en),ox]C1,~H,0, CrCI,O,N,C,H,, (I) crytallizes as a racemate in the monoclinic space group 
P2,/c  (No. 14). The cell constants are a =  7.386(9), b= 12.138(4), c =  16.999(9)A, b= 100.45(10)', V= 1498.55A3, 
d(Z=4;  M=367.17)=1.627gmcm-3. A total of 2830data were collected in the interval 4.0"<20<50.0" 
of which 1785 were unique and had intensities greater than 3a(I). The data were corrected for absorption 
using empirical Psi scan curves (five reflections, p =  11.260cm-*); the relative transmission coefficients 
ranged from 0.7849 to 0.9999. Refinement of the structural data leads to final values of R ( F )  and R J F )  
of 0.050 and 0.063, respectively. 

All attempts to prepare the Co analogue of(1) have failed, thus far; instead, crystals of [Co(en),ox]C1~4H20 
are obtained, despite changes in crystallization conditions, including the use of a large excess of ammonium 
chloride. 

KEY WORDS: Racemate, chromium(ITI), l&diaminoethane, oxalic acid, X-ray structure. 

INTRODUCTION 

It has been known for some time'-3 that the series [M(en)20x]X (M=Co,  Cr, Rh; 
X = C1-, Br-) crystallize as conglomerates, whereas [Co(en),ox]I crystallizes both 
as a conglomerate and as a racemate lc. In fact, this observation was used by Shimura, 
et ul." as evidence of the success of their thermodynamic formulation of the condition 
(S, > 1.414Se; where S, is the solubility of the racemate and S, that of the enantiomer) 
which defines what crystallization pathway a given substance will prefer-racemate 
or conglomerate. Relevant crystallization data for these systems are summarized 
below. 

*Author for correspondence. ** Postdoctoral Fellow of the Robert A. Welch Foundation. On leave 
from the Technical University of Wroclaw, 1-5, Wroclaw, Poland. + University of Houston's Undergraduate 
Honors Program Participant. # National Merit Scholar. 
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8 I. BERNAL E T A L .  

Compound Spuce Group 

[Co(en) ,ox]Ck4H 20 (111) 
[Co(en),ox]Br.H,O (IV) 
CCo(en),oxlI (V) 
[Cr(en),ox]Br 
[Rh(en),ox]Br 
[ R h( en),ox] C1.H , 0 

?* 
c)* 

3* 

?* 

*These substances were identified as forming conglomerates either from solubility measurements, 
by seeding experiments or by measuring the CD spectra of resulting crystalline material. No 
structural data were reported. See refs. l(a), l(c) and 4 for details of the crystallization, seeding 
and spectroscopic experiments performed on these compounds. 

Our crystallization and structural studies2 of (111) and (IV) demonstrated that, in 
both, homochiral cations are present in spiral strings linked by hydrogen bonds 
spanning from the terminal oxalato oxygens of one cation to the basal plane amines 
of an adjacent one, each string being an infinite polymer running along the length 
of the crystal (in ref. 2, we showed strings of cations present in (111) and (IV) which 
run along the b direction, approximately). Adjacent strings are also homochiral with 
respect to one another, and are held together by halide anions which are bonded to 
hydrogens of an axial -NH2 and to a water of crystalization, the latter being bonded 
to an axial -NH, hydrogen of a cation beloning to the adjacent string. This stitching 
together of the strings occurs along the entire length of adjacent spirals. 

At the same time we published ref. 2, we suggested that anything that interfered 
with the orderly formation of the spiral strings and/or of the stitching pattern found 
in (111) and (IV) would probably result in the formation of heterochiral crystals 
(racemates). The availability of (I) made it possible to test this hypothesis since it was 
reasonable to expect that the ammonium cation could alter drastically the hydrogen 
bond pattern observed in (111) and (IV). 

EXPERIMENTAL 

Synthesis 

(I) was prepared as follows: [Cr(en),]Cl, was synthesized following the procedure of 
Bailar.’ It was converted to cis[Cr(en),Cl,]Cl by treating the former with NH,Cl, 
as described in the same report5 The resulting mterial was isolated in crystalline form, 
redissolved in the minimum amount of water and chromatographed in a column of 
silica gel. A broad, yellow band was eluted with water and the resulting solution 
concentrated in a rotary evaporator. The filtered solid was dissolved in the minimum 
amount of water, reacted with ammonium oxalate (1:) and the product allowed to 
crystallize in a Petri dish. Golden rods and orange plates were found in the crystalline 
material wich were separated as carefully as possible under a microscope. Elemental 
analysis’ of the orange material was an approximation to the expected results for 
NH,[Cr(en)20x]C12~H20 (theory for C, H. N = 19.67, 6.06, 19.13%; observed = 20.22, 
5.39, 15.91%). These results are indicative of a mixture of salts such as we observed 
under the microscope. 
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RACEMATES AND CONGLOMERATES 9 

[Co(en),ox]C1~4H20 (111) was prepared earlier by either of two methods: (a) 
cis-[Co(en),C1,]C1~4H20 (IV)8 was reacted (1:l) with solid (NH,),(C,O,)~H,O in 
warm water (60°C) and the solution concentrated in a rotary evaporator, and (b) by 
the more direct method of J ~ r d a n . ~  Analyses and the X-ray structure of (111) were 
given in our report on the crystallization behaviour of [Co(en),ox]X-nH,O salts, 
their structure and packing modes.' Under the microscope, there is no evidence of 
the formation of the double chloride salt since the crystals observed are uniform in 
colour and morphology; moreover, they all effloresce in a few minutes, as noted 
earlier., Finally, elemental analysis of the crystalline material derived from procedure 
(a) is identical with that in (b) and both analyses are compatible with the formula 
[Co(en),ox]C1~4H20 (for details see ref. 2). 

Attempts to prepare (11) by dissolving (111) in a minimum amount of water, adding 
an excess of NH,Cl till precipitation occurs, cooling the mixture and filtering, resulted 
in recovery of (111) in fairly high yield, but no evidence of the formation of the desired 
compound, (11). Even allowing the mother liquor, recovered after precipitation of 
(III), to give several further crops of crystals failed produce the double salt. 

X - R a y  Diffraction 

Golden yellow rods 
Data were collected with an Enraf-Nonius CAD-4 diffractometer operating with a 
Molecular Structure Corporation TEXRAY-230 modification" of the SDP-Plus 
software package." A golden yellow, nearly cylindrical crystal of ca 0.3 mm diameter 
was cleaved to obtain a rod ca 0.6 mm in length. The crystal was centered with data 
in the 22" < 2 0  < 34" range and examination of the cell constants and Niggli matrix" 
clearly showed it to crystallize in a primitive, trigonal lattice whose Laue symmetry 
and systematic absences belong to those of the space group P3cl (No. 165). The 
intensity data set was corrected for absorption using empirical curves derived from 
Psi scanslo,ll of five reflections. The scattering curves were taken from Cromer and 
Waber's c~mpilation. '~ Upon identifying the compound as [Cr(en),]C1,.3H20 and 
finding the report of its structure in the literature,6 we abandoned this study. 

Orange plates 
Using the same procedure outlined above, we collected an intensity data set for this 
crystal while an elemental analysis on manually separated crystals was being 
performed (see above). Solution of the structure revealed the presence of a Cr and 
two chlorides. Eventually, the ammonium ion and the water of crystalization was 
also found. Details of data collection, processing and refinement are summarized 
in Table 1. Fractional coordinates are reported in Table 2, together with the 
isotropic-equivalent thermal parameters. Bond lengths, angles and torsion angles are 
given in Table 3. The structure factors are submitted as Supplementary Material (see 
below). 

RESULTS 

We began our synthetic studies with the published synthesis of cis[Cr(en),C1,]C15, 
planning to convert this salt into [Cr(en),ox]Cl, followed by metathesis with NaBr 
and NaI to obtain the respective bromide and iodide-an approach based on our 
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10 I. BERNAL E T A L  

Table 1 Summary of data collection and processing 
parameters for racemic NH,[Cr(en),ox]C1,~H20 

Space Group 
Cell Constants 

Cell Volume 
Molecular Formula 
Molecular Weight 
Density (calc; 2 =4 mol/cell) 
Radiation Employed 
Absorption Coefficient 
Transmission Coefficients 
Data Collection Range 
Scan Width 
Total Data Collected 
Data Used In Refinement* 
R = 1 II F,I - IF, II /ClF,l 
R,= [E3FOl -I~,l)2/CI~,121"2 
Weights Used 

p2 1 IC 
(I = 7.386(9)A 
b= 12.13814) 
C =  16.999(9) 
= 100.45( 10) 

V= 1498.55A3 
CrC1,O,N,C6H,, 
367.17 gm-mol-' 
1.627 gm-cm-3 

p=11.26cm-' 
0.7849 to 0.9999 
4'< 28 < 50" 
A0 = 1.00+ 0.35tanO 
2830 
1785 
0.050 
0.063 

MoKu(I =0.71073A) 

U' = [.( F,)] - 

*The difference between this number and the total is due to subtraction of 1045 
data which either were systematically absent (hut collected for verification of space 
group), standards or did not meet the criterion that I > 3a(I). 

11 

h14 

04 

HW2 

Figure 1 A view of the contents of the asymmetric unit. Note the position of the NH: cation, blocking 
access to 0 3  of the oxalato ligand. Also, note the position of the chloride anions which effectively block 
access to the -NH, hydrogens in the equatorial plane. These hydrogen bonded interactions effectively 
eliminate all chances of forming the spiral strings of cobalt cations found (see ref. 2) in the series of 
[Co(en),Ox]X (X=Cl, Br, I )  and whose formation was postulated as the origin of conglomerate 
crystallization. 
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RACEMATES AND CONGLOMERATES 1 1  

Table 2 Positional parameters and esd‘s 

Cr 
c1 1 
c12 
0 1  
0 2  
0 3  
I4 
N1 
N2 
N3 
N4 
N5 
CI 
c 2  
c 3  
c 4  
c 5  
C6 
Owl 
HNI 
HN2 
HN3 
HN4 
Hwl 
Hw2 
H1 
H2 
H3 
H4 
H5 
H6 
H7 
H8 
H9 
HI0 
H11 
H12 
H13 
H14 
HI5 
HI6 

0.2196( I )  
-0.1727(4) 
- 0.3066(3) 

0.2558(6) 
0.4091(6) 
0.4213(7) 
0.6048(7) 
0.1796(7) 
0.0276( 8) 
0.4029( 8) 
0.0470(7) 

0.086(1) 

0.3 10( 1) 
0.148(1) 
0.3765(9) 
0.473( 1) 

-0.381(2) 

-0.062( 1) 

-0.2900(9) 
-0.2961 
- 0.4347 
-0.3258 
- 0.4796 
-0.2207 
-0.4453 

0.1046 
0.2944 
0.0323 
0.1711 

-0.1561 
-0.1128 
-0.0617 

0.0801 
0.4885 
0.4658 
0.3928 
0.2708 
0.1874 
0.0727 

- 0.0367 
-0.0192 

0.20239( 7) 
0.4571(2) 
0.0692(2] 
0.0569(4) 
0.1 66 1( 4) 

- 0.0933(4) 
0.0286(4) 
0.3420(4) 
0.1454(5) 
0.2657(5) 
0.2285( 5 )  
0.1736(6) 
0.3221 (6) 
0.2373(6) 
0.3 1 OO(7) 
0.239 l(8) 
O.O041(5) 
0.0696(6) 
0.3567(5) 
0.2292 
0.1469 
0.1143 
0.2028 
0.4335 
0.3847 
0.3873 
0.3713 
0.3883 
0.2947 
0.2686 
0.2115 
0.1078 
0.0957 
0.2104 
0.3236 
0.3089 
0.3834 
0.1688 
0.2125 
0.1685 
0.2945 

0.19678( 5) 
0.1 l71(1) 
0.1045(1) 
0.1597(3) 
0.2862( 3) 
0.1987(3) 
0.3266(3) 
0.2446(3) 
0.2500(3) 
0.14 12(3) 
0.0996( 3) 

0.3135(4) 
0.2855( 5 )  
0.0628( 5) 
0.0328(5) 
0.2068(4) 
0.2794(4) 

-0.0564(4) 

-0.0468(3) 
-0.0380 
-0.0119 
-0.0783 
-0.0952 

o.Ooo0 
-0.0371 

0.2063 
0.2625 
0.3282 
0.3578 
0.2465 
0.3294 
0.2122 
0.2910 
0.1328 
0.1724 
0.0260 
0.0691 
0.0179 

-0.0120 
0.0896 
0. I044 

1.21(1) 
5.99(2) 
4.01(4) 
2.8( I )  
3.0( I )  
3.3( 1) 
4.0( 1) 
2.7(1) 
2.9(1) 
3.2(1) 
2.9( 1) 
8.8(4) 
3.7(2) 
3.8(2) 
4.5(2) 
4.8(2) 
2.6( 1) 
2.9(1) 
5.8(2) 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 
5* 

*Hydrogen atoms of the Cr cation were added at idealized positions (see text) 
Hydrogen atoms of the water ofcrystallization and ofthe ammonium cation were found 
experimentally All hydrogen atoms were assigned fixed thermal parameters of 5 OA‘ 
Anisotropically refined atoms are gwen in the form of the isotropic equivalent thermal 
parameter defined as (4/3)*[a2*8,, + b2*/J,, + c z * ~ 3 , + a b ( c o s ~ ) * ~ , , + a d c o s B ) t 8 , , +  
hdcosd*lr,J 

experience of the solubility order for many of the relevant Co(II1) (Cl > Br > I). Much 
to our astonishment, crystallization of the chromatographed “[Cr(en),ox]Cl” gave 
crystals of [Cr(en),]Cl,.H,O and NH,[Cr(en),ox]Cl,~H,O in an approximate ratio 
of 5050. The orange crystals turned out to be NH,[Cr(en),ox]Cl,*H,O-a heretofore 
unreported double salt. The contents of the asymmetric unit are shown in Figure 1, 
where one observes that the water of crystallization is hydrogen bonded to the 
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12 I. BERNAL E T A L .  

Table 3 Bond distances (8) and angles (") 

A) Distances 
Atom I Atom 2 Distance Atom 1 Atom 2 Distance 

Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
0 1  
0 2  
0 3  
0 4  
N1 
N2 
N3 

0 1  
0 2  
N1 
N2 
N3 
N4 
c 5  
C6 
c 5  
C6 
c1 
c 2  
c 3  

1.9 lO(2) 
1.9 2 1 (2) 
1.925(3) 
1.943(3) 
1.944(3) 
1.922(3) 
1.260(4) 
1.277(4) 
1.24 1 (3) 
1.245(4) 
1.483( 5) 
1.478(5) 
1.48 3(5) 

N4 
N5 
N5 
N5 
N5 
c1 
c 3  
c5 
Owl 
o w  1 

c 4  
HNl 
HN2 
HN3 
HN4 
c 2  
c 4  
C6 
Hwl 
Hw2 

1.475(5) 
0.934(5) 
0.971(5) 
0.936(5) 
0.96q6) 
1.5 13(5) 
1.48 5( 6) 
1.533(5) 
1.272(3) 
1.236(4) 

Number in parentheses are estimated standard deviations. 
B) Angles 
Atom 1 Atom 2 Atom 3 Angle Atom 1 Atom 2 Atom 3 Angle 

0 1  
0 1  
01 
0 1  
0 1  
0 2  
0 2  
0 2  
0 2  
N1 
N1 
N1 
N2 
N2 
N3 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
N1 
N2 

Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
Cr 
01 
0 2  
N1 
N2 
N3 
N4 
c1 
c 2  

0 2  
N1 
N2 
N3 
N4 
N1 
N2 
N3 
N4 
N2 
N3 
N4 
N3 
N4 
N4 
c 5  
C6 
CI 
c 2  
c 3  
c 4  
C2 
CI 

85.6( 1 ) 
173.9( 1 ) 
89.0( 1) 
93.1(1) 
88.8( 1) 
90.7(1) 
92.2( 1 )  
90.2(1) 

173.1( 1) 
86.3(1) 
91.8(1) 
95.1(1) 

176.9(1) 
91.9(1) 
85.9( 1) 

112.7(2) 
11 1.6( 2) 
108.6(2) 
109.8(2) 
109.3( 2) 
109.0(2) 
106.0(3) 
107.q3) 

N3 
N4 
01 
0 1  
0 3  
0 2  
0 2  
0 4  
Hwl 
HNl 
HN 1 
HNI 
HN2 
HN2 
HN3 

c 3  
c 4  
c 5  
c 5  
c 5  
C6 
C6 
C6 
Owl 
N5 
N5 
N5 
N5 
N5 
N5 

c 4  
c 3  
0 3  
C6 
C6 
0 4  
c 5  
c 5  
Hw2 
HN2 
HN3 
HN4 
HN3 
HN4 
HN4 

108.1 (3) 
106.0(3) 
125.9(3) 
114.9(3) 
119.2(3) 
124.6(3) 
114.9(3) 
120.5(3) 
89.6(2) 

109.1(3) 
112.1(7) 
110.0(4) 
108.8(4) 
106.9(7) 
109.8(3) 

Numbers in parentheses are estimated standard deviations. 
C) Torsion Angles 

Atom I Atom 2 Atom 3 Atom4 

0 2  
Nl 
N2 
N3 
N4 
01 
N1 
N2 

Cr 
Cr 
Cr 
Xr 
Cr 
Cr 
Cr 
Cr 

0 1  c 5  
0 1  c 5  
0 1  c 5  
0 1  c5 
0 1  c 5  
0 2  C6 
0 2  C6 
0 2  C6 

Angle Atom 1 

0.9 N3 
-52.4 Cr 
-91.3 Cr 

90.9 Cr 
176.8 Cr 

2.2 Cr 
177.4 Cr 
91.0 Cr 

Atom 2 

Cr 
0 1  
01 
0 2  
0 2  
N1 
N2 
N3 

Atom 3 

N4 
c 5  
c 5  
C6 
C6 
c1 
c 2  
c 3  

Atom 4 Angle 

c 4  20.9 
0 3  176.9 
C6 -3.5 
0 4  175.5 
c 5  - 4.5 
c 2  - 43.3 
c1 - 34.6 
c 4  - 33.0 
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RACEMATES AND CONGLOMERATES 13 

Table 3 Continued 

C) Torsion Angles, continued 

Atom 1 Atom 2 Atom 3 Atom 4 Annle Atom 1 Atom 2 Atom 3 Atom 4 Angle 

N3 Cr 0 2  C6 -90.8 Cr N4 c 4  c 3  -43.7 
N4 Cr 0 2  C6 -34.9 N1 c 1  c 2  N2 50.4 
01 Cr N1 c1 - 19.1 N3 c 3  c 4  N4 49.6 
0 2  Cr N1 c 1  -72.3 01 c 5  C6 0 2  5.5 
N2 Cr N1 c 1  19.9 0 1  C5 C6 0 4  - 174.5 
N3 Cr N1 c 1  -162.5 0 3  c5 C6 0 2  - 174.8 
N4 Cr N1 c 1  111.5 0 3  c 5  C6 0 4  5.2 
0 1  Cr N2 C2 - 175.1 
0 2  Cr N2 C2 99.3 
N1 Cr N2 C2 8.7 
N3 Cr N2 c 2  - 42.8 
N4 Cr N2 c 2  - 86.3 
01 Cr N3 c 3  95.5 
0 2  Cr N3 c 3  - 178.9 
N1 Cr N3 c 3  -88.1 
N2 Cr N3 c 3  - 36.7 
N4 Cr N3 c 3  6.9 
0 1  Cr N4 c 4  - 72.3 
0 2  Cr N4 c 4  - 35.3 
N1 Cr N4 c 4  112.3 
N2 Cr N4 c 4  -161.2 

D) Selected List of Hydrogen Bonds 

CI1-Hwl 1.978 Owl-Hwl ... C11 135.5 
Cll-H16 2.305 N4-Hl6 ... Cll 178.5 
C12-HN2 2.242 N5-HN2 ... C12 131.3 
Owl-HNl 1.556 N5-HNl ... Ow1 135.8 

03-HN3 2.055 N5-HN3 ... 0 3  113.5 N5 at -x, -y, --z 
03-HN4 2.306 N5-HN4 ... 0 3  95.1 N5 at -x, -y, --z 
03-H2 2.114 Nl-H2 ... 0 3  162.7 N1 at l-x,  1/2+y, 1/2+-z 

Cll-H8 2.313 N2-H8 ... Cll 171.3 N2 at -x, 1/2+y, 112-z 

No esds are given since hydrogen were not refined 

ammonium cation (Ow ... HN1 = 1.556A), which, in turn, is hydrogen bonded to the 
oxalato ligand ( 0 3  ... HN3 =2.055A and 0 3  ... HN4=2.306&. (211- is bonded to a 
hydrogen of N4: (Cll ... H16=2.305& and, although not obvious in the view shown, 
C11- isalso bonded toH8 ofN3(C11- ... H8=2.313A)and to(water(C12- ... Hwl= 1.978&, 
while C12- is hydrogen bonded to the ammonium cation (C12- ... HN2= 2.242A). The 
remaining hydro en bonds of the chlorides to the amino hydrogens of the cation are 

arrangement in the lattice of (I) is such that the chlorides are adjacent to, and sterically 
block access of other particles to the hydrogens on nitrogens N1 and N4, as can be 
noted in the packing diagram, Figure 2. This latter observation is significant with 
respect to the crystallization pathway of this substance (see Discussion, below). 

Finally, we note (see Figure 2) that only one of the terminal oxygens of oxalato 
forms an intermolecular hydrogen bond with an amino hydrogen of an adjacent 
cation ( 0 3  ... H2). This, and other longer bonds, are listed in Table 3(D). 0 4  does not 
have bonds as short as those of 0 3  and those hydrogen contacts found exceed 2.5A. 
Nonetheless, even if they are labelled “long contacts”, 0 4  is close to H2, H10, H12 

too long (> 2.40 x ) to be considered very significant. Nonetheless, their geometrical 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



14 I .  BERNAL ET AL. 

Figure 2 A stereo view of the unit cell contents. Here, one may see the approach between chromium cations 
blocked by the NHd cation and the chlorides. Only one oxalato oxygen can approach the -NH, moiety 
in the basal plane. For details see Results and Discussion, as well as numerical data in Table 3(D). 

and Hw2, which effectively block access to this oxygen, and prevent chromium cations 
from forming the spiral strings found in the case in the [Co(en),ox]X series,2 and 
mentioned in the Introduction. 

It is unfortunate that we have been unable to isolate the cobalt analogue, thus far. 

DISCUSSION 

From the outset, we acknowledge that the synthesis of (I) was an accident caused, 
apparently, by our inability to reproduce previous published work,’ the lack of success 
for which we blame ourselves. However, this was a fortunate bit of clumsiness since 
it provided us with an additional piece of the puzzle we mentioned in the Introduction; 
namely, the ammonium cation was bound to form hydrogen bonds with the oxalato 
oxygens, with the anions and with the water of crystallization. Therefore, it would 
be expected to alter the nature of the packing by (a) intercalating between Cr cations 
and modifying or destroying the spiral strings, or by (b) upsetting the nature of the 
bridges between adjacent strings, or both. Despite the outcome, it seemed useful to 
observe whether the outcome was conglomerate or racemic crystallization. We now 
know it was the latter, and below we attempt to justify this result. 

First, Figure 1 shows that C11- and C12- are located in the region of the equatorial 
-NH2 ligands (N1 and N4) and that irrespective of the strength of their hydrogen 
bonds, they present a steric barrier to the approach of a second chromium cation. 
Consequently, the onset of the formation of a spiral string is obviously hopelessly 
compromised. Secondly, on the other side of the Cr cation, terminal oxygen 0 3  is 
strongly hydrogen bonded to the ammonium cation and 0 4  has a weak, but sterically 
demanding, contact with Ow (via Hw2). Again, the possibility of retaining the spiral 
string geometry observed in previous cases is seriously impaired on the other side of 
the Cr cation. 
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Thirdly, as one may note in Figure 2 (especially the lower half), the crystallization 
behaviour of (I) can be accounted for by the intra- and intermolecular interactions 
described above (see Results) and depicted in this figure; e.g., the shortest hydrogen 
bonds to chromium cations are those from the ammonium hydrogens to 0 3 ,  a terminal 
oxalato oxygen which bonds to HN3 and HN4. The lower half of Figure 2 also 
shows this single-oxygen attachment, while the upper half clearly shows the steric 
effect of the chloride anion between adjacent chromium cations. Therefore, it seems 
that blocking access to the formation of infinite homochiral strings of cations in lattices 
in which halides, and/or waters, are linking adjacent strings is a necessary packing 
formula for conglomerate crystallization of these metal(en),oxalates, as suggested 
elsewhere.2 Such inter-cationic hydrogen bonds are impossible with the hydrated 
ammonium double salt (I) herein reported; as described above, only one such oxalato 
oxygen ... H2N- hydrogen bond can be formed due to the presence of the NH: cation, 
as well as te additional chloride. This observation strengthens our previously derived 
conclusions as to why and how the halides of the [Co(trien),(NO,),] +, [Co(en),(NO,),] + 

and [Co(en),ox] + cations undergo conglomerate cry~tallization.~.’~- l 7  Therefore, 
there appears to be consistency in our crystallization mechanistic conclusions, even 
when we compare members of different series of cations-a fact which is greatly 
satisfying to us. 
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