
Tmrahcdron Lass. Vol. 34. No. 27, pp. 43494352 1993 

Printed in Great Britain 
W40-4039193 $6.00 + .CNI 
Pcrgamal Rear Lid 

Evidence for Anisotropy In Chlorine/Nitrogen Interactlons in the Cyenuric 

Chloride Ctyetal Structure 

stcphn J. -do+, Riehrd G. Cq40nb, Mark S. Hardlngb, CoUn M. B reMMc, Rebart D&wtyc 

a. Zzauca FCMO. PO Box ll, The Heath, Runcorn, Cheshire WA7 JOE 

b. fiysieal chtmistry bbomay, Oxford hhsity, South Parks Rd., Oxford OX1 302 
c2i?nea1SpccialticsReaearchCentre,Bladrley,~M93DA 

There is txrrdy camdude i&rest in obtaining a better understaudieg of the forces dire&g the formation of 

organicaystalsmluurea.Iaparticular,crystalsttucture prediction methods rely heavily on the use of interatomic potential& 

derived theoretically and empirically, to describe the intermolecular and packing interactions present in the lattice. 

In particular, intexactions between chlorine (or bromine) and nitrogen atoms are said 3 to show a preference for 

lieearity when short, but most of those observed are between the halogen atom and cyano-groups. Cymmric c&ride 

(C3N3Cl3, formally 2,4&richloro-1,3,5-triazinc) is ae example of a structure which in held together by close linear and non- 

linear chlorin~nitrogen interactions, where the ni&ogen atoms are constituents of a triazine ring, so that it is possible to look 

at non-cyan0 interactions. 

The full crystal struchw detetition of cyaeuric c&ride (C3N3C13, formally ~4,~trichloro-la&triazine) was 
reported reaxtly in this journal by authors Pascal Jr. and Ho 4, folkwing on from earlier, less complete detuminatiws 5,6. 

ItcoaJistgoflayasofmo~heldtoetthcrinanaLnoat~arraybyclosc~~intcrmalecukrcon- 
taas.OurcoinddmtshrdyontheMmecompoundrnnaladthesame~albeitnfincdinanonatrradardse~of 

theJamcspclcegroup(IIUPinsteadofCl/c).~,themoat~t~ofthestruchlrc isonlyre6cmdtobrietIy 
byPascalJr.andHo;they~~theintamalccala~chlopine/nitrogen~thatholdthelaycnd~e 
together are “linear or nearly so”. fn fac& in our study, a8 in theirs. one of the two aystauoBraphicaUy indepex&U interac- 
tions is exactly linear (U0.W in both studies) wkereas the other differs very substantially from lioearity (172Y in Pascal Jr. 

and Ho, 173.1(v in this study). This produces a “fish-scale” effect, with the mokcuW best pb tilted at an angle of 3.4” 
to the crys8aUographic (10 -1) plane (see Pii 1). 
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clystrruqpmphic da&x C3N3Cl3, Mr = 184.41, a = 7.595(5), b = 7.474(S), c = 11.253(8)& I3 = 95.45(6), monoclinic, 12/a, 
z = 4, V = 635.6,&3, & = 1.93gcm-3, F(OO0) = 180.0, p = 1.35m1n-~, MO Qadiation, a- 0.71069A. Fii crystaUo- 
graphic R = 0.0717 (wR = 0.09%), for 495 unique observed retlections for which ( F. ( z- 44 1 F. I). Approximate crystal 
size (16 x 0.4 x Ohm, reayhked from solution in pztrokrim ether 100-120 fraction. Data collected cm a Rigaku AFC63 
diffractometer, structure solved usin direct methods in SHELXS 7, and ret&d using the TEXSAN so&are suite 8, by 
hdl-mati least-squares analysk Linear decay corm&n appkd, as cry& was found to slowly degrade due to reaction 
with water vapour in the atmosphere. All atoms located and refined with anisom pit thermal vibration paramexm - no con- 
straints applied. 

Onewouid~~assurPcthatamolcculcsuchascyanuricchioridcwoulda~a~ &uchtre with threefold 
or sixfold symmetry, as is the case with the analogous s-trkine (C3N3H3) structure, whi& is rhomboMral atroolflttm- 
perature 10. in fact, the stntetwe is more doJcly related to that of cyanuric acid (c~N~(oH)~), which & of paraki 

~Ofhydrogenbondedmaleculesaadjaccnttoeach~inkycrqFtwithnoh~~~iatasctionbctmcn 
the chains 1W. A& the moieeuks of cyanuric chloride in adjacent layers do not lie in the correct rekative W for 
the insertion of a 3-fold rotation axis perpendicular to the (10 -1) plane. 

It is w-ortb mentioning that the chloriue/nitrogen distances of around 3.1OA are &n&a&y shorter than the sum of 
their van der Waals’ radG, 33oA n. In other chlormubstitutcd t&zinc compounds, no such close intenctionr betarcen the 

chlorines and triazhc aitragens exist, presumably because of the steric effecu of other, bukkr m 9.14, &ho@ 
the struc4ure of S-chlorw -l-oxide is said to contain Cl---N contacts of 3d fi. 

Fw 1: A perspective view of the cyamuic chloride lattice, as seen down the b-ask, showing “tish-scale” effect. 
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Alayercont~ninemoleculcsofthetitlccompoundwast~n~mtheo~aystalstrndnre and&Ii- 
mised using MOPAC. No symmetry comtminh were applied; i.e. the system was considered to be trichic, alknvhg the for- 

merly conshined C(2)-CI(l)..H(l) hraction to refine freely. In this cay cons&r& only the central mow in d& 

array,theintramoluadarbondlcmgtbswithhtkcriq alJsumethevahlcsobtaincdfromthesiaglemoleculeopdmisationThe 
C-~bond~anreduadtoL~~L~intbc~~~~arrc.~tbis~in~agrctmmtwith 

the mean C-Q distance of Lti in the determined stmctw.TheC-Cl-NaoglesalltcndcdtowardsIhwity,, 
at values of 179.1’, 17&W and 17&W for the angles through U(1) (the linear intcrauion in the detwmined st~dnrc), Q(2) 

and U(2) respectively. The non-bonded U--N contact distant was 3.04k ‘I-he distinctiw “fish-scale” anaqcment was 

therefore removed, producing a much flatter, regular strwhwe. 

Full crystal packing &xdations were carried out within CERIUS 18 using the open force&Id parameters and 

charges from Goddard et al 19. The Mticc energy calculated for the observed structure was -17.7 kcalhnol. This energy was 

then minim&d with molecular translations and rotations aihcd, but retaining triclinic symmetry. Conwxgencc occurred at 
-18.9 LcaUmoi, with i~tcrmolemdar C-Cl---N angles of 178.6,177.20 and 176.P through U(l), Cl(2) and Cl(2)’ reqectively. 
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Themolecularandayrtalmodelline~~allsummedupinTabte1tbucforc~thrtnvrentsetsof~ 

tro~~uatomicpotenhiaLcue~~U,succcsrhrllyprcdiathe~~stnrdun for cyaauric cbloridc. & it 

hthouehtthatthercwoaMbt~cantanirotroWduttothe~ni(roeenpCrdquatorialchlorineloneelearonpairq 

aad the~ek%ron dcasity 24 this may be regarded as evkbcc for the impormacc of anisotropy ia chbria&etcroatom 

iatcractioa potentials ia intlacacing a aystal structare. It may bc spcctdatcd whether application of aaisotroPic interatomic 

potcatialsforchioriwwoaldsuccesrfull y predict the obscrvzd structare. A charge density study on the system would also 

providevaluablcinfonuatk 
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