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A Packing Model for Interpenetrated Diamondoid Structures- 
An Interpretation Based on the Constructive Interference 
of Supramolecular Networks 

Keith A. Hirsch, Scott R. Wilson, and Jeffrey S. Moore* 

Abstract: The ability to predict and subse- 
quently control solid-state structure has 
been identified as a major challenge in the 
field of crystal engineering. Here we sug- 
gest the concept of constitutive models as 
a tool for understanding crystal packings 
and for designing new solid-state struc- 
tures. Such models are intended to relate 
molecular interactions and their geometri- 
cal constraints with solid-state organiza- 
tion. These models will most likely be of 
greatest use for crystals consisting of 
supramolecular networks, that is, infinite 

assemblies of small molecules associating adducts of 4,4'-biphenyldicarbonitrile 
through strong, directional, and selective with silver(1) salts. Observed structural de- 
noncovalent interactions. The concept of formations induced by counterions of 
the constitutive packing model is illustrat- varying size may be understood in terms 
ed for interpenetrated diamondoid coor- of the interference of two supramolecular 
dination networks based on crystalline networks within this system: the diamon- 

doid metal-ligand coordination network 
and face-to-face aromatic stacks of the or- 
ganic ligand. The constitutive model de- 
veloped here has been applied to other di- 
amondoid coordination networks in the 
literature and is found to be general. 

Introduction 

The field of crystal engineering has evolved from the pioneering 
ideas of Schmidt['] into one of intense interest due to the widely 
held belief that the ability to control molecular organization in 
the solid state will lead to materials of novel structure and func- 
tion.['] However, the prediction of solid-state packing remains a 
difficult challenge due to the delicate competition among the 
many noncovalent interactions which enter into the crystal field. 
To address this problem, we present a new tool to aid in the 
conception of reasonable starting points for solid-state struc- 
tures-the constitutive model of crystal packing. A constitutive 
packing model originates from the analysis of a series of related 
crystal structures with focus on the dominant supramolecular 
networks. The ultimate goal of predicting crystal structures, 
given the myriad of potential packings, will require the develop- 
ment of collections of such models for the many possible net- 
work topologies.[31 For a given compound, the feasibility of 
attaining a particular solid-state structure may be determined by 
considering each of the plausible packings relative to other mod- 

els. Once candidate structures have been identified, energy min- 
imization could then be used to pinpoint the structure most 
likely to form. 
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Figure 1. Nine interpenetrated adamantanoid cages created from the diamondoid 
crystal structnre of BPCN with AgPF, from ethanol (disordered counterions have 
been removed for clarity). Tetrahedral silver(1) ions are located at the vertices, and 
bridging molecules of BPCN have been replaced with cylinders for simplicity. 
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Herein, we develop a constitutive packing model for interpen- 
etrated diamondoid networks.I41 The model is based on ninefold 
diainondoid structures of 4,4'-biphenyldicarbonitrile (BPCN) 
with AgPF,, AgAsF,, or AgSbF,. We believe that the develop- 
men1 of packing models such as this is an important first step in 
the accurate prediction and subsequent design of molecular 
crystals. 

Results and Discussion 

Diamondoid network deformation as a function of counterion size: 
Previously, we reported that complexation of BPCN with 
AgPF, in ethanol yields a crystalline diamondoid network 
formed by coordination of BPCN ligands to tetrahedral silver(r) 
ions.[4", b1 The network is relatively undistorted in comparison 
to diamond, as N-Ag-N bond angles range from 108.9 to 110.6". 
The Iargc amount of void space present in a single diamondoid 
network is filled primarily by the interpenetration of cight other 
identical networks (nincfold interpenetration). Despite this high 
level of interpenetration, channels along the c axis are main- 
tained. which arc occupied by disordered PF, ions. Interpene- 
tration in this structure may be viewed in terms of the concate- 
nation of nine adamantanoid cages as shown schematically in 
Figure 1. 

An alternative manner in which the packing of the diainon- 
doid network may be understood is to consider a structural 
subunit of an adamantanoid cage, the 411 helix shown in Fig- 
ure 2a.[41,m1 The value of depicting the structure this way be- 
comes evident from the simplification it provides to the complex 
picture of ninc interwoven 3-D networks. Rather than viewing 
[he ninefold interpenetration in terms of adamantanoid cages, 
the packing may be described as the intertwining of nine 4/1 
helices. which form the walls of the counterion channels (Fig- 
ure 2 b) .['] This dichotomy clearly illustrates the subjective na- 
ture of crystal structure interpretation. It is evident from Fig- 
ure 2 b that molecules of BPCN interact through face-to-face 
x-x stacking. In particular, a plane-to-plane distance of 3.60 A 
and a11 offset angle of 42.0' are observed. Figure 2 c  shows that 
the helix pitch is spanned by a n-stack of BPCN molecules, one 
ligand from each of the nine independent networks. There is 

f:igui-c 1. Interpretation of the packing ol'lhe ninefold interpenetrated dianiondoid 
nc.tworh of BPCN and AgPF, in terms of the 4 '1 helix. a) The 4,'l helix as ii 

\ t i  ncturiil bubuiii.t of iiii iidamantanoid cape. Left: view along the helix axis. which 
is ,tIsc tlic coiintcrion channel axis (disordeicd PF, ions have been oniittcd for  
clarity). The 4 1 helix Corms the boundary of a counterion channcl. Kight: view 
perpendicular to the counterion cliannel,'helix axis reveals how tlic helix is related 
to the adaiiianranoid cage. The helix pitch is the length of the body diagonal of the 
cage b) The nine intertwined helices that  form the walls of the  counterion channel. 
This arrangement ariacs froin the interpenetration of nine diainondoid networks 
(note that each helix. indicated by a different color, originates from an independent 
network). Left: perspective vie& along the counterion channe1:'helix axis with disor- 
dered PF,, ions (fluorine is green and phosphorous is magenta). Right: view pcrpen- 
dicular to thc counterion c1i;innel~lielix axis.  Note that the walls of the counterion 
cliannel aie Ibrmed from [our separate rr-skicks ol.BPCN: K rr stacking of BPCN 
occurs at ii plane-to-plane di5lance of  3.60 A with an offsel mgle o t 4 X I  . c) The 
1 1 helix in an  adainantaiioid cage showing rhe perfect coincidencc betwccn helix 

ick o f  nine BPCN Iigands 
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clearly perfect metric match between the pitch of the helix and 
the height of an offset stack of nine BPCN ligands. 

The interpretative value of structural deformations induced 
by the incorporation of different size guests was recognized 
early on by Powell in the context of clathrates of quinol with 
small guest inclusions.161 Other early reports illustrating the ef- 
fect of composition on structure have been summarized by 
Hazen and Finger.[71 In this same vein, we studied the changes 
induced in the BPCN diamondoid structure for counterions of 
varying size. Crystallization of BPCN with AgSbF, from 
ethanol results in the formation of a diamondoid network of 
similar topology (complex 1).  As with the AgPF, structure, the 
network is ninefold interpenetrated through face-to-face stack- 
ing of BPCN at a plane-to-plane distance of 3.59 A. However, 
the structure is significantly distorted, as N-Ag-N bond angles 
range from 95.4 to 118.4". The consequence of these local defor- 
mations is that the helix pitch is elongated by approximately 
18 % relative to that in the AgPF, structure (43.61 for AgPF, 
vs. 51.32 A for AgSbF,). This stretching alters the offset angle 
of the n-stack from 42.0" with AgPF, to 51.0" in the AgSbF, 
adduct (Figure 3). Considering interpenetration, an equivalent 
stretching of all nine helices comprising the counterion channel 
takes place. This elongation leads to lateral compressions which 
alter the shape of the counterion channel (Figure 3). The defor- 
mation probably occurs in order to efficiently accommodate the 
larger SbF; ion,[81 as it increases the anion-anion separation 
along the channel axis. Specifically, the anion-anion separation 

is 4.85 8, for the AgPF, structure as compared to 5.70 8, for the 
AgSbF, example. The AgSbF, structure exhibits slight counter- 
ion disorder over two sites along the channel axis. The major site 
occupancy is 0.93. 

Crystallization of BPCN with AgAsF, from ethanol was 
also examined. This experiment employed the AsF; ion, 
which is intermediate in size for the series studied 
(PF; <AsF; <SbF;).[81 In this case, two polymorphs are ob- 
tained. Both of these polymorphs are ninefold interpenetrated 
diamondoid networks. The first, polymorph I (complex 2), is 
similar to the AgPF, structure, as N-Ag-N bond angles range 
from 108.8 to 110.8". The shape of the counterion channel in 
polymorph I is also similar to that for AgPF,. However, the 
helix pitch (43.21 A) and offset angle (41.8") are slightly less 
(Figure 3). The subtle decrease in the helix pitch and offset angle 
observed with AgAsF, allows lateral expansion of the counter- 
ion channel to accommodate the larger AsF, ion. The AsF; 
ions are disordered over two sites in a mode comparable to that 
observed with AgPF, (Figure 2 b). 

Polymorph I1 (complex 3) structurally resembles the AgSbF, 
structure, as demonstrated by the N-Ag-N bond angles ranging 
from 94.1 to 118.0". The shape of the counterion channel for 
polyinorph I1 is also similar to that observed for the AgSbF, 
example. However, the helix pitch (51.94 8,) and offset angle 
(51.8') are slightly greater for polymorph I1 (Figure 3). These 
small increases relative to the BPCN. AgSbF, adduct can be 
understood as a lateral compression of the counterion channel 

to better accommodate the 
smaller AsF; ion. The 
AsF, ions in this structure 
are significantly disordered 
along the channel axis. 

It is interesting that the 
AsF, ion is accommodated 
in diamondoid networks 
similar to those described 
for both AgPF, and Ag- 
SbF,. Thus, the counterion 
of intermediate size does not 
cause the diamondoid net- 
work to deform to an inter- 
mediate helix pitch and off- 
set angle. It is possible that 
the two general types of dia- 
mondoid networks observed 
represent two optimal n- 
stacked arrangements of the 
BPCN ligand within this 
framework. 

A constitutive packing model 
for interpenetrated diamon- 
doid structures: In consider- 
ing Figure2c one can per- 
ceive two supramolecular Figure 3. Counterion channels formed from the intertwining of 4jl helices for diamondoid networks obtained with BPCN and 

AgPF,, AgAsF,, and AgSbF,. The helix pitch and offset angles are labeled. A view along the counterion channelihclix 2x1s IS 

shown for each example. Two polymorphs are obtained with AgAsF,. A deformation of the diamondoid network concomitant 
with a change in the offset angle of T Z -  I( stacking is observed upon counterion substitution. These deformations, therefore, arise 
through constructive interference between two supramolecular networks in thesc structures. It should be noted that with the 
AsF; ion, which is intermediate in size for this series, a dlamondoid network with intermediate values for the helix pitch and 

networks, each with its Own 
characteristic repeating peri- 
Od. The network is the 

offset angle does not form. diamondoid coordination 
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network with the period defined by the helix pitch. The second 
is the one-dimensional n-stack of BPCN whose period is defined 
by the van der Waals thickness of the aromatic ring. The two 
periods are independent, since the helix pitch is a function of the 
ligand length and offset angle, while the n-stack repeat is s/cos 0, 
where s is the face-to-face stacking distance and U is the offset 
angle (Figure 4). The two networks are directionally coincident 

offset angle (0) 

Figure 4. A constitutive packing model for diarnondoid networks: The red curve, 
representing the helix pitch (h,,,,,), is shown for a value of I of 16.4A, which 
corresponds to the Ag- BPCN-Ag distance in the diamondoid striicture of BPCN 
and AgPF,. The blue curve, representing the stack height ( h J ,  is shown for a degree 
of interpenetration (4 of!?. A band has been plotted since values ofthe  astac tacking 
dlrtdnces of 3.4 and 3.6 A have been considered. The region in which the red curve 
overlaps the blue band (i t . ,  where h,,,,, = h.) represents reasonable combinationsof 
thc helix pitch and offset angle for a diamondoid network with a ninefold degree of 
interpenetration. The wide region of overlap for d = 9 is particularly noteworthy. 
The model implies that the ninefold diamondoid network is capable of undergoing 
significant deformation. The schematics on the right illustrate K - - K  stacking mediat- 
ed interpenetration for the diarnondoid network that is brought about by the coin- 
cidencc of I?,,,,, and hr. Key packing parameters are defined in terms of thc 4/1 helix 
and a n-stack of aromatic rings, as indicated. The black vertical line at 0 = 35.25" 
represents the offset angle ofadiamondoid network with perfect tetrahedral valence 
angles. 

and coupled through 0;  therefore, they may spatially interfere 
with one another, and this interference can be modulated by 0.19] 
This implies that a deformation of the diamondoid network, 
which may be realized through compression and expansion of 
bond angles about the metal ion, should be accompanied by a 
concomitant deformation in the n-n stacking of BPCN through 
variation of the offset angle of stacking. The ideal offset angle 
is 35.25" if the tetrahedral valence angle in diamond of 109.5' is 
considered. A simple relation between the helix pitch (hPltch) and 
the offset angle (0) is given by Equation (I), where 1 is the 
metal - ligand - metal separation (Figure 2 a). 

hpitch = 4 l(sin 0) 

As illustrated in Figure 2c, interpenetration of the diamon- 
doid network is mediated by face-to-face n-n stacking of BPCN 
within the space defined as the helix pitch. Therefore, the degree 
of interpenetration (d) may be defined as the number of ligands 
from individual networks n-stacked within the repeat period of 
the diamondoid network. The height of a n-stack (h,) having d 
interlayer spaces and tilted with offset 0 is given by Equa- 

tion (2), where s is the fixed value of the perpendicular, 

LlS 
h, = __ 

cos 0 

plane-to-plane stacking distance of aromatic ligands. Integer 
values of d and the corresponding values of 0 that bring about 
coincidence between hpitch and h, define the plausible packings 
for this model. This can be clearly understood with a graphical 
explanation. Shown in Figure 4 is an overlay of plots construct- 
ed from Equations (1) and (2 ) .  Helix pitch (red curve) has been 
plotted for the value of 1 corresponding to the metal-ligand- 
metal separation observed in the diamondoid network formed 
from BPCN and AgPF, (ca. 16.4 A). The blue curve represents 
the height of a stack of nine BPCN ligands (d = 9). This curve 
has been constructed for values of s in the range of 3.4 to 3.6 A 
since they represent one standard deviation about the mean of 
3.5 A observed for all stacked aromatics in the Cambridge 
Structural Database.["l Thus, a band results wherein the lower 
regime represents solutions for a stacking distance of 3.4 8, and 
the upper regime represents solutions for a stacking distance of 
3.6 A. It is important to note that points of overlap of the red 
curve with the blue band represent the offset angles that can, in 
principle, lead to a diamondoid network of d = 9 and 
1 = 16.4 A. In other words, the points of intersection represent 
reasonable packings. It is noted that for the value of 1 equal to 
the Ag-BPCN-Ag distance, a large region of overlap is ob- 
served for a degree of interpenetration of nine (Figure 4). The 
model implies that the ninefold interpenetrated diamondoid sys- 
tem can simultaneously meet the distance requirements of n--71 
stacking and helix pitch over a range of offset angles. For the 
diamondoid networks presented here, deformations over this 
range were observed experimentally by counterion substitution 
(Figure 3) .  

The constitutive model may also be applied to the packing of 
counterions within channels formed by the diamondoid frame- 
work. The counterions in this study can be approximated as 
spheres with diameters of 4.68,4.94, and 5.14 A for PF,, AsF;, 
and SbF;, respectively. These diameters were calculated from 
published counterion volumes.[*' Charge balance consider- 
ations and the closest packing of spheres along the counterion 
channel axis suggest a commensurate, periodic repeat of d times 
the counterion diameter, where d is the degree of interpenetra- 
tion. Shown in Figure 5 is an overlay plot similar to that shown 
in Figure 4. Degrees of interpenetration of 8-10 are now con- 
sidered. The red curve is plotted for I = 16.4 A, as in Figure 4. 
The horizontal arrows represent d times the counterion diame- 
ter for the PF;, AsF;, and SbF; ions. For clarity, only one 
data point is shown in Figure 5 for d = 8 and 10, although all 
three are shown for d = 9. The plot shows that the dark blue 
arrows (the repeat distances for stacks of nine anions) intersect 
the red curve in the region of d = 9 (no other value of d is 
considered, owing to the requirement of charge neutrality). This 
illustrates that a ninefold diamondoid network with 1 = 16.4 A 
is plausible with inclusion of any of these anions. Further, the 
light blue arrow (the repeat distance of eight PF, ions) does not 
coincide with the red curve in the region of d = 8. Similarly, the 
magenta arrow (the repeat distance of ten SbF; ions) does not 
coincide with the red curve ford  = 10. Thus, the plot shows that 
eight- and tenfold interpenetration is not feasible with BPCN 
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offset angle (e) 
Figure 5. A constitutive model for diamondoid networks in terms of the packing of 
counterions. Counterions are considered to pack as spheres along the channel axis. 
The number of anions that span the helix pitch defines the degree of interpenetration 
due to the requirement of charge neutrality. For this plot, degrees of interpenetra- 
tion of 8 -  10 are considered, and the red curve is shown for I = 16.4 8. The horizon- 
tal arrows represent the degree of interpenetration times the anion diameter, as 
indicated in the key. Counterion diameters have been calculated from published 
volumes (ref. [S]). The dark blue arrows (nine times the anion diameter) intersect the 
red curve in the region of ninefold interpenetration. This illustrates that a ninefold 
interpenetrated diamondoid network with I = 16.4 8 is consistent with incorpora- 
tion of either the PF;, AsF;, or SbF; ions. The light blue arrow (eight times the 
diameter of the PF; ion) does not coincide with the red curve in the region of an 
eightfold interpenetrated structure. Similarly, the magenta arrow (ten times the 
diameter of the SbF; ion) does not intersect the red curve for a tenfold structure. 
Therefore, the plot shows that eight- and tenfold interpenetrated diamondoid net- 
works with 1 = 16.4 8, are not consistent with inclusion of these anions. Similar 
analysis showed that for all three anions, and d = 8 - 10, d = 9 IS the only reasonable 
packing. 

( I  = 16.4 8,) and these anions. The practical value of this analysis 
is that for a given ligand (and, therefore, for a given value of I), 

3.6 A were used. A horizontal line of fixed 1 intersects curves 
that represent various degrees of interpenetration at the indicat- 
ed offset angles. The combinations of 1 and 0 observed for 
the diamondoid networks of BPCN and AgPF, , AgAsF,, and 
AgSbF, have been identified in Figure 6 and these combinations 
are found to fall within the region corresponding to ninefold 
interpenetration. 

Two examples of interpenetrated diamondoid networks from 
the literature have also been analyzed by our model to further 
test its utility. To our knowledge, these constitute the only ex- 
amples of diamondoid networks other than those involving 
BPCN in which interpenetration is mediated by face-to-face 
stacking of coordinated ligands. The first example is the seven- 
fold interpenetrated diamondoid networks of the radical anion 
salts of substituted dicyanoquinonediimines and copper report- 
ed by Ermer[4d1 and Hiinig et al.[4m1 For this series of structures, 
a value of 1 of approximately 12.7 8, along with an offset angle 
of 33.0" is observed. This combination of 1 and 6' is plotted in 
Figure 6 (orange arrow). it is noted that this data point lies 
below the curve corresponding to a degree of interpenetration of 
seven. However, these structures feature a rather short TC-X 

stacking distance of only 3.15 which falls outside the 
range used to construct Figure 6 (3.4-3.6 A). Thus, if the curve 
for d = 7 were constructed with a value of s of 3.1 5 A, the com- 
bination of 1 and 0 observed for this system would lie on this 
curve. 

A second example from the literature that has been applied to 
the model is the distorted fourfold diamondoid network of 4- 
cyanopyridine and AgBF, reported by Ciani et aLr4'] For this 
structure, a value of 1 of approximately 9.9 8, and an offset angle 
of 30.5" is noted. This combination of 1 and 0 is also included in 
Figure 6 (purple arrow). In this case, the data point lies above 

diamondoid networks of a partic- 
ular degree of interpenetration 
may be targeted and the appro- 
priate counterion size may be se- 
lected. 

In order to generalize the con- 
stitutive model to other ligands, 
we can construct a map of plausi- 
ble packings by setting hpitch = h, 
[Eqs. (1) and (2)], which leads 
to Equation (3). This equation 

dS [=- 
2(sin 20) (3) 

suggests that the only essential 
molecular variable of this model 
is I ,  which, upon subtraction of 
the metal-ligand bond distances, 
gives the length of the ditopic lig- 
and. Shown in Figure 6 is a plot 
of the metal-ligand-metal sepa- 
ration (I) versus the offset angle 
(6'). The plot has been construct- 
ed for degrees of interpenetration 
(4 of 1-9. For each degree of in- 
terpenetration, a band results, as 
stacking distances (s) of 3.4 and 

S 

e 
P 
a 
r 
a 
t 
i 

n 
0 

(1, ;i, 

offset angle (0) 

Figure 6. A map of plausible packings for interpenetrated diamondoid networks constructed using Equation ( 3 ) .  Degrees 
of interpenetration (d) of 1-9 are represented. Colored bands result as x n stacking distances of 3.4 and 3.6 A have becn 
considered. The combinations of i and H observed in the diamondoid structures of BPCN and silver(i) salts are included. 
Also plotted, are points corresponding to diamondoid structures previously reported in the literature. For the structures 
of substituted dicyanoquinonediimines and copper ( d  = 7 ) ,  reported by Ermer (ref. [4d]) and Hunig et al. (ref. [4m]), the 
observed data point (orange arrow) lies below the curve for d =7, owing to the short stacking distance of 3.1 5 8,. For the 
distorted structure of4-cyanopyridine and AgBF, (d = 4) reported by Ciani et al. (ref. [4i]), the observed data point (purple 
arrow) lies above the curve fo rd  = 4, owing to the long stacking distance of 4.0 8. If the range of stacking distances were 
widened to include these unusual values, the model would approximate the observed degrees of interpenetration 
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the curve for a degree of interpenetration of four. The reason is 
that the observed stacking distance is approximately 4.0 A, 
which is very long for z-n stacking and is outside the range used 
to generate Figure 6. Therefore, if the curve for d = 4 were plot- 
ted for a value of s of 4.0 A, this combination of 1 and Q would 
approximate the observed degree of interpenetration. It should 
be emphasized that values of s of 3.4 and 3.6 8, were chosen to 
construct Figure 6, since they are within a standard deviation of 
the average 71-71 stacking distance in the Cambridge Structural 
Database of 3.5 Arlo] (this narrow range was further chosen for 
clarity as bands in the plot would overlap otherwise). Thus, 
despite the variance observed in the face-to-face stacking dis- 
tance in these diamondoid networks, the constitutive model pre- 
sented is found to be applicable beyond the original system for 
which it was developed. 

Conclusion 

In summary, we generalize a set of guidelines that can be used 
to formulate constitutive packing models: 
1 )  Identify the most significant supramolecular networks (two 

2) Consider constructive interference between them (i.e., con- 

3) Identify a compliant deformation process that modulates 

We believe that the development of constitutive packing models 
for other topologies through the recognition of interfering 
supramolecular networks will be an important step in being able 
to predict structure a priori. In due course, collections of these 
constitutive models will be available to offer reasonable choices 
of possible packings for the crystal engineer. 

or more). 

sider networks that are directionally coincident). 

this interference. 

Experimental Section 

4,4‘-biphenyldicarbonitrile (BPCN) was prepared from 4,4‘-dibromobiphenyl 
by a known literature procedure for the conversion of aryl bromides to  
benzonitriles.‘”’ AgAsF, and AgSbF, were stored in a desiccator before use. 
X-ray data were collected on a Siemens SMART system with a CCI) detector 
at -75 C with Mo,, (A = 0.72073 A) as the incident radiation. The intensity 
data were reduced by profile analysis and corrected for Lorentz, polarization, 
and absorption effects. 

[Ag(BPCN),]SbF, (1): A mixture of BPCN (10 mg, 0.05 mmol) and AgSbF, 
(19 mg, 0.05 minol) in absolute ethanol (4 mL) was prepared in a clean vial 
with a Teflon-lined screw cap. The mixture was heated in an oil bath to 98 ‘ C  
over 80 min, at which point a homogeneous solution resulted. Cooling to 
room temperature ovei-night yielded complex 1 as yellow plates. X-ray data 
collection was accomplished with a crystal with approximate dimensions of 
0.76 x 0.05 x 0.05 mm. Accurate cell dimensions were obtained from the set- 
ting angles of 3055 reflections with 550123’ .  Crystal data: C2BH,b-  
N,F,AgSb; M, =752.07; space group: triclinic, I - 1  (no. 2); a = 5.702(1), 
h = 21.661 (2), c = 21.569(2) A, O[ = 89.98(1)”, [I = 89.99(1)”, y = 89.99(1)’,; 
V=2663.90(12)A3; Z = 4 ;  pca,cd=1.875gcm-3; 20,,,=46’; scan 
mode: w scans; F(000) = 1456; number of reflections measured = 5224; 
number of independent reflections = 3716; number of reflections re- 
fined = 3716; o limit: 2u(I); absorption correction: integration, qnin = 0.80, 
Tmax = 0.92, p ( M o K a )  =1.817 mm-’; structure solution: direct methods, 
structure refinement: least-squares against Fi using SHELXTL; number of 
parameters = 380; hydrogen atoms were included as fixed contributors in 
idealized positions; R1 = C(IF,I - /F,l)/C/F,I = 0.0429 (3458F0s4u) ,  
0.0492 (all data); wR2 = [ x ( w l F i  - F:()/~W/F:~~]”~ = 0.1051 (all data); 
S = [xw(F: - FZ)’/(N - P)]”’ = 1.132 (all data); highest peak in final dif- 

ference map = + 0.62 e- k3. The alternate space group was chosen to facil- 
itate refinement in body-centered tetragonal space groups. Framework disor- 
der was noted for all tctragonal models. The proposed structural model in 
I - 1 includes tctragonal twinning. Occupancies for the four metrically super- 
imposable twin components converged at 0.331 (2), 0.169(2). 0.268(2). and 
0.232(2). 

[Ag(BPCN),]AsF, (2 and 3): A mixture of BPCN (I0 tng, 0.05 mmol) and 
AgAsF, (16 mg, 0.05 mmol) in absolute ethanol (4 mL) was prepared in a 
clean vial with a Teflon-lined screw cap. The mixture was heated in an oil bath 
to 104 C over 64min, at which point a homogeneous solution resulted. 
Cooling to room temperature overnight yielded two polymorphs: complex 2 
as thin yellow needles and complcx 3 as thin yellow plates. Both polymorphs 
were characterized by X-ray diffraction. For complex 2, X-ray data collection 
was accomplished with a crystal with approximate dimensions of 
0.02 x 0.02 x 0.8 mm. Accurate cell dimensions were obtained from the set- 
ting angles of 2007 reflections with 5 < 0 < 23”. Crystal data for complex 2: 
C,,H,,N,F,AsAg; M ,  =705.24; spacegroup: tetragonal, I - 42d(no.  122); 
a = h = 24.861 (2), c = 4.802(2) A, E = /3 = 7 = 90‘; V = 2967.63(15) A3;  
Z = 4;  pcalsd =1.578 g ~ m - ~ ;  20,,, = 46” ;  scan mode: w scans; F(000) = 

1384; number of reflections measured = 5673; number of iiidependent reflec- 
tions = 1078; number of reflections refined = 107X; u limit: 2 4 1 ) ;  absorption 
correction: empirical, Tmtn = 0.77, T,,, = 0.99, p(MoKr) = 1.847 mm-’: 
structure solution: direct methods, structure refinement: least-squares against 
F: using SHELXTL; number of parameters = 138; hydrogen atoms were 
included as fixed contributors in idealized positions; R1 = 0.0489 (9494 
>4u) ,  0.0591 (all data); wR2 = 0.1465 (all data); S = 1.193 (all data); highest 
peak in final difference map = + 0.67 e -  k3. For complex 3, X-ray data 
collection was accomplished with a crystal of approximate dimensions of 
0.4 x 0.2 x 0.2 mm. Accurate cell dimensions were obtained from the setting 
angles of 1640 reflections with 5 ~ 8 5 2 8 ” .  Crystal data for complex 3: 
C2,H,,N,F,AsAg; M, =705.24; space group: orthorhombic, F d d d  (no. 

V = 5 1 8 6 . 5 ( 3 ) ~ 3 ; Z = 8 ; ~ E a , c d = 1 . X 0 6 g c m  3;28,ux= 56‘;scanmode:to 
scans; F(000) = 2768; number of reflections measured = 7531 ; number of 
indcpendent reflections = 1598; number of reflections refined = 1598; u limit: 
2v(1); absorption correction: intcgration, T,,, = 0.55, T,,, = 0.96, 
p(MoKJ = 2.1 13 mm-‘;  structure solution: direct methods, structure refine- 
ment: least-squares against Fz using SHELXTL; number of parame- 
ters = 204; hydrogen atoms were included as fixed contributors in idealized 
positions; R1 = 0.0748 (1060F,>4u), 0.1184 (all data); wR2 = 0.2224 (all 
data); S=1.199 (all data); highest peak in final difference map 
= + 1 . 0 9 e - k 3 ,  
Crystallographic data (excluding structure factors) for the structures reported 
in this paper have been deposited with the Cambridge Crystallographic Data 
Centre as supplementary publication no. CCDC-100 146. Copies of the data 
can be obtained free of charge on application to  The Director, CCDC, 12 
Union Road, Cambridge CBZlEZ, UK (Fax: Int. code +(1223)336-033: 
c-mail: deposit(ir)chemcrys.cam.ac.uk) 

70); u = 5.772(1), h = 29.452(2). c = 30.512(2) A, 3 = /3 = 7 = 90’: 
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