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We have begun a program whose objective is to develop methods
to pred ic t  the pack ing of  organic  molecu les in  crys ta l l ine and
noncrystal l ine sol ids, start ing from the atomic structures of these
molecu les.2  The ab i l i ty  to  re la te  molecu lar  and crysta l l ine
structure for organic solids will clarify the interactions that underlie
molecular recognit ion and self-assembly. simpli fy the preparation
of  opt ica l ly  or  e lect ron ica l ly  act ive o iganic  to i id r ,  ind 'he lp  to
rationalize the macroscopic properties of organic materials in terms
of microscopic, molecular structures.

One problem that has frustrated efforts to relate molecular and
crystal l ine structures is the very large number of orientat ions the
molecu les can,  in  pr inc ip le ,  adopt :  ca lcu la t ing re la t ive energ ies
of al l  possible packing structures is currently impractical.  To l imit
the scope of the problem, we wish to constrain the possible ori-
entat ions of the molecules in the sol id statc. Wc arc dcvcloping
systems in which strong, direct ional hydrogen bonds provide the
requi red const ra in t .

Using the network proposed for melamine/cyanuric acid as a
model , l 'a  we are examin ing the s t ructurcs o f  l : l  cocrysta ls  o f
der ivat ives o f  melamine (M)  and barb i tur ic  ac id  (B) ,  funct ion-
a l ized in  pat terns that  break up the sheet  s t ructure but  permi t

the fbrmat ion o l 'h idrogen bonds that  y ic ld  " tapes"  (eq l ) .  Tapes
are l ike ly  to  pack wi th  the i r  axes para l le l .  Th is  enforced para l -
le l ism wi l l ,  we be l ieve,  s ign i f icant ly  s impl i fy  the computat iona l
analys is  o f  these so l id-s ta te  s t ructures.
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Here we summar ize ev idence that  th is  s t ra tegy is  successfu l
in gcncrating a family of closely related sol id-state structures and
that  thesc s t ructures can be c lass i f ied accord ing to  a  h ierarchy
o[  e lementary  s t ructura l  features (F igure l ) .  The two compo-
nents ,  M and B,  form tapes wi th  an a l ternat ing sequence,
. . .M.8.M.8. . . ;  the tapes pack in to  sheets  wi th  the i r  long axes
paral lel;  thc shects stack and form three-dimensional sol ids. Table
I  summar izes crysta l lographic  data for  the s t ructures we have
examined;  complc te  data wi l l  io l low in  a  fu l l  paper .  We be l ieve
that  th is  system has suf f ic ient  s impl ic i ty  to  be the ob ject  o f  a
systematic study of the inf lucnce of molecular structure on crystal
s t ructure.
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Trble L Summary of Structures of Cocrystals of Derivatives of Barbituric Acid and Melamine (Eq l. Ra = N)
Rr R z = R l T S 0,  deg datao temp,b "C space group R factor, Vo goodness of fit
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o Data codc: a = dala collected and structure solved by us; b = data collected by Molecular Structure Corporation (MSC) and solved by us; c =
the completc slructure determination was performed by MSC; d = the complcte struclure determination was performed by Crystalytics, Inc. oAll

temperaturcs corrcct to +l 'C. 'Further ref inement is in progress.
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Figure l. Classification of features characterizing solid-state structures
of l : l  cocrystals of derivatives of melamine (M) and barbituric acid (B).
I  = the number of B.M units that consti tute a translat ional repeat unit
along a tape (boxed): S = the number of tapes that consti tute a trans-
lational repeat unit in a sheet. This figure shows representative examples
of possible geometries. not an exhaustive l ist.

We offer two general observations concerning these structures.
F i rs t ,  a l l  fo l low some var iant  on the mot i f :  tape;  sheet ;  so l id .
Second, although l : l  compound formation seems to be general,
this system is not yet ideal ly convenient for studying the physi-
cal-organic chemistry of the sol id state, because the crystals that
grow are often too small  for single-crystal X-ray structure de-
termination. Figure 2 shows one representative structure,5 Most
(10 of  l2 )  o f  the tapes fo l low the s imple mot i f  shown in  th is
structure (T = l), although we have observed two *crinkled' tapes
(T = 2) .  We have not  encountered s t ructures in  which T = 3
or  4 .

Others have described hydrogen-bonded chains in the sol id
state.H In particular, Leiserowitz and co-workersT have examined
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Figure 2. Plots of the packing patterns of N,N'-diphenylmelamine/5,5-
diethylbarbituric acid complex. (a) Individual tape, oRTEP plot along the
[001 ] direction showing 30% ellipsoids. Non-hydrogen-bonding hydrogen
atoms have been omitted for clari ty. (b) End-on packing view down the
long tape axes, [010] direct ion. Al l  hydrogen atoms have been omitted
for clari ty.

patterns in amides in detai l .  While many of these structures
consisted of hydrogen-bonded tapes, a variety of other structural
motifs were also identi f ied. Shimizus and Lehne have studied
structures related to those reported here. We believe that the I :l
compounds based on the barbituric acid/melamine structure offer
predictable stoichiometry and simplici ty in packing, while st i l l
affording (through variat ion in R1-a) ample opportunity to vary
detai ls of tape-tape and sheet-sheet interactions.
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Supplementary Material Avai lable: Brief synthetic outl ine,
detai ls of X-ray data col lect ion, tables of crystal data and atomic
posit ional parameters and an oRTEP drawing for N,N'-di-
pheny lmelamine/5,5-d ie thy lbarb i tur ic  ac id ,  and tab le  o f  la t t ice
parameters for al l  structures (9 pages). Ordering information
is  g iven on any current  masthead page.
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