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Reference: XR 790/5 UNCLASSIFIED

SUMIARY ‘

= i

The crystal structure of oxamnide has been examnined by X-ray
znethods, employing 2-dimensional Patterson & Fourier projections.
An interim report is presented, covering the results so far obtained,
and giving details of atoaic coordinatesybond lengths and angles, and
intermolecular sgparations; the estizatcd error of bond lengths is
lcss than £ 0.058.  Furtner work is in progress, cuploying 3-
dimcnsional methods, to refinc the coordinates as far as possible.
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_ INTRODUCTION

The thermal properties of oxamide are of particular interest, and it
was decided to investigate its crystal structure with the object of furthering
the understanding of thesc properties.

Oxanide was described as monoclinic by Schabus in 1855 (Groth); o recent
investigation by Misch and van der Wyk (1938) showed it to be triclinic and
X-roy investigation indicated that the molecule is planar and parallel to (o10)
with 2 C-C bond length of 1.65ﬁ. This unusual result wos thought to require
confirmation, cnd it was desired to obtain full information concerning the
crystel structure. It will be scen later thot the rosults reported in this
Memorandun arc in genercl agreement with those of Misch cnd vin der iyk, but
the C-C bond is found to be of normcl single typc within the liuits of
oxperincntal crror; a diffcerent neming of cxcs and choice of cell anglgs has
been adoped here, = MMisch and yen der \yk giving a = 518 Ay b =.53.63 &,
¢ = 5.05 sa=665‘3 838}'}, ')-':6}1'

Crystallographic examination and measurement of intensities

Crystals of oxamide were prepared by growth at a steady temperature of
about 75°C, from a filtered, boiling, saturated solution in water. Clusters
of lath-shaped crystals were obtained, from which it was possible to cleave
length suitcble for examination,

X-rey examination of the crystals by the oscillation ond rotation methods,
using coppcr radiation, showed that they werc triclinic, and the following
valucs werc obtoined for the unit cell parameters

e =3.638  ( MUK a=1.542) (lath cxis)
D= 5019

= 5.61;.

a= 8500 2L 7

B=113 55'

y= 114° 517

The density of oxamide is rcported to be 1.667 (sSchroder (1879), see
P.Groth) and it follows that the unit ccll contains onc molccule; the
calculated density is l.662.

No systomatic absences of X-ray rcflexions werc noted. Only pinacoid
forms wore obscrved to be developed on the crystolsy (010) ond (001) often
being morked with closc strictions which cppearcd to be the trecces of (100)
plincs. (The crystals snowed perfeet cleovige p-rellel to (100)). A test
for pyro-clectric properties by thc rother-inconclusive liquid=-cir method
gove o negotive result.  On the besis of these obscrvotions, the crystals
werc tentotively assigned to space-group P 1; no evidence was found durirg
the later stages of the analysis waich indicated that tuis was incorrect.

The optical characteristics of the crystals were determined, using
the polarizing microscope; they are biaxial negative and very highly
birefringent. It was found that a cleavage plate lying flat upon a
microscope slide exhibited a nearly=-symnetrical acute-bisectrix figure
when cxamincd in convergent polarized light and could be uscd for the
dcteraination of the Band y refractive indexes, and & siuilar clcavage
platc was supportcd with its planec parallel to thc microscopc axis for
the detorainction of & , the refractive indexes being deterained by the
iimersion mothod using the Becke linc cffeet. The rcfroctive indcxes werc
found to be

& = 1.4,3, approximatcly porpcndicular to (100)
B = 1.63, approximatcly parallcl to the c-oxis
y = cbout 1,76, opproximately perpendiculer to the c=oxis.
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A sct of overlapping a=axis 15°-oscillation photographs, covcering
a rangc of 180°, was taken using copper K a x-radiation (0.0007" Ni filter),
and used for tac visual cstimation of a set of relative intcnsities of
diffracted X-ray beoms by the use of & calibrated scole. The estimation
was corricd out on on illuminated scrcen in a derkened room under
stondcrdiscd conditions, Thesc intensitics were used for the carly part
of thc work, but thc results obtcoined indicatcd that it would be ncccssary
to usc a shortcr wave-length rcodiction; thercfore moving-fila photographs
covering o range of 185° about the a- and c-axcs werc taken, using
molybdonum K & x~rodiation (0.004" zirconium filter), ond the intonsitics
mecasurcd on thesc films werc used for the later stages of the cnalysis.
The multiplo-film technique (Robertson, 1943) wes employed, the films being
dnterdgeved! with aluninium foil for the photographs with copper radiation,
and with copper foil for thosc with molybdenum radiation; the observed
intensitics covercd a range of 1400 to 1. .

The measured relative intensities werc corrected for Lorentz=-
polarization factor, jand converted to relative structurc amplitudes by the
rclation F = k( ¢/L)2. A corrcction for absorption was not applicd. The
crystal uscd for thc a-axis photographs with molybdenun radiation had
dimcnsions 0.25 x 0.25 mmein cross scctionm, that used for thc c-axis films
had similar dimcnsions, so that any absorption corrcction for molybdcnum
radiation could bc ignored.

Film processing was carricd out under standerdiscd conditions at 1800.

The dotermination of tho s tructurg
The space-group Pl accoinodated 2 assymetric units in general positions,
or one centro-symnuetrical unit in a special position; the molecule of
oxonide must therefore possess a centre of symetry, which coincides with
one of the centres of symmetry of tihe unit cell, and this was choscn to be
the centrc st (OE). Consideration of the unit cell dimensions, rcfractive
indcxcs and clcavage propertics suggested that thc structurc might consist
of plonar molccules arranged percllel to (100), cnd thcrcforc the projection
of the structure on this face was investigated first. A 2-dimensional
Patterson syntinesis projected upon (100) could be satisfactorily
interpreted in terms of such a structure and gave the orientation of the
moleculc in this projection. A sct of approximate yandz coordinates
for the atoms of thc molecule was derived and uscd to calculate a set of
structurc factors; using thc calculatcd signs and the obscrved amplitudes
s 2-dimensional Fourier synthcsis was carried out, projccted upon (100),
and successive rcfincment let to promising agrecment betwcen observed
and calculated structure amplitudes. The sunmations werc carried out
using Beovers-Lipson strips of 2-figurc accuracy, thc cell cdges being
divided into 30 cqual parts.

When refincment had been carricd as far as possiblc, it was found
thot the projccted C-C bond had o length of 1.59A. Since X-ray
roflexions had been observed up to the limit of reccording (& = 1.99) of
the experimental crrangement with copper radiation, it was thought
probeble thet not oll reflexions had been obscrved with this arrangcuent,
ond thot the resulting lack of convergence of thc Fouricr scrics might
1ced to incorrcct positions of the maximo. It wes ot this stoge thet
the intensitics werc re-dcteramincd, using nolybdenun radiction; fiftcen
now rcflexions werc obscrved, rcpresenting an addition of scottering
power of cbout 20% (calculcted on intcnsitics). The process of
rofining thc Fouricr projcctions wos now continuecd, incorporating the
now toras; no sign chongcs occurrcd, but thcrc werc sonc s7ell moveucnts
in the positions of mxiuc. All ctouswere clcarly resolved, «nd the
velucs of the y ond z coordinctes were dctermined froa the swimationa.
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This process of using 2-dimensional Patterson F2 and Fouricr F
syntheses was then followed for the projection onto (001); in this
projection, resolution of the molecule is less favourablc, cach pecak
reprcsenting a pair of atoans; the z-coordinates werce deteraincd from
the positions of thc unresolved pcaks, assumning the y-coordinatcs
deterained from the (100) projection.

Further work is procceding on rccording all thc hkl rcflexions
obtainable with molybdenum radiation, and thc refincmcnt will then be
continued using 3~dimcnsional methods.

Results

The valucs of thc coordinates expressed as fractions of the unit
cell cdges, arc summarisced as followsg:-

e o |
TSI R | Wy, emgge | ST . -
% ' -0. 003 | -0.002 | =0.006 |
y I 0ok | 0.280 | 0.273 1
s ; 0.362 | 0.267 £ 0.760 :

' — ISR — ) H—

The coordinates of the other hulf of the molccule arc obtained from
these by tic opcration of the centre of symmctry at (03%).

Structurc factors werce cualculated from these coordinates cnd an
cxperimental scottering curve was drawn; this was uscd to colculate
structurc amplitudes cnd thc oxprcession I
!
L]

l | b :
RE TR ICSES Y JCID TR
z EF(dbs.)?

N
was cvaluated., It had the value 0.15 for the okl reflcxions and Q.24 for
the hko's, ond vics taken to indicate o satisfactory degree of agrccaent
for this stoge of the cnplysis,

Py comporison of the experimental and theorctical scattering
curves, the structure amplitudes werc placcd upon on cpproximatcly
cbsolute scole, cnd contour maps of clecetron density were dravm. Figel
shows the projcction of the structurc on (100); cll otoms arc clearly
resolved and acy be unambiguously identificd by the relotive heights
of the pcoks. Fig. 2 shows the projection of the structurc on (001),
the central penlk representing two overlopping corbon ctous ond either of
the outer penks re rescnting one oxygen and onc nitrogen otom which
overlop,.

The molccule is both plancr and porellel to (100) within the
limits of cxperimentsl crror, ond os stoted cbove, it possesscs o
centre of symnctry; the distonecs of the otoms from the (100) plonc
througn the origiu are:-

o o} e}
C50.014; C30.014; N0. 02A.
The following bond lengths .nd -ngles nove becn coleculoted:=

/Intramolceuler



Intramoleculor dist neccs and ongles

e

o
c-C = 1.564 C-C-N = 124°,
C-0 = 1.23 C-C-0 = ]J.Bé—
N =1.31 N-C~0 = 117z°

Intermolecular distonces

N-0 2.92 &
2,96
346
Jub2
3,66
N‘N 5.54
3.63
3al
0-0 3.30
363
3.98
N-C 3.67
3.68
C-C 3.31
3,63
C-0 3.11
3,18

The perpendiculer distonce between the ploncs of ncighbouring molcculcs
is 3.0248. It is difficult to assign limnits of accuracy, but thc bond
lengths are probably accuratc to within lcss than % 0,058,

Discussion
The discussion of these results must be tentative until the finol
results of the 3-dimensional cnolysis cre avoileble. The C-C bond
appears to be o norucl single bond within the limits ol error. Adopting
the trectment of Puuling (1940), the C-0 bond hos the length expected
for ¢ double bond (1.22&); the C=N bond length also approaches the volue
cxpected for o doublc bond (1.272). It secms possible that within the
limits of experimentcl crror, these bond lengths =y correspond to
single-doublc bond recsoncnce, in which cose the bond lengtns cxpected
would be C-0 = 1,278 cnd C-N = 1,328, 1In this casc the molceule could
be represented by o resoncnee structure involving the following stotesg-

- + -
0 < NH, 00 MH 0 \ /NHQ 0 NHp "
oL X AN ' « M
\c,. - c// c c
l | | |
c G iQ c
N P
A \\\0 7 N, / \O" +// S o

The close cpproaches of nitrogen and oxygen atoms of necighbouring
molccules in the same ploane is taken to indiccte the proscncee of hydrogen
bonds linking coch -NHp growp to two oxygen ctoms and cach oxygen otom
to two =NHp groups, these bonds linking 2ll the molccules in onc plenc
into an infinitc shcet.

Therc arc a numbcr of pat.cr closc interumoleculor cpprocches, Ce.ge
the 0...0 distonce of 3.304&, tho Ce..C Gistoncc of 5.31ﬂ and the¢ Cee.0

/distances
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~ distunces of 3.11 ond 5.18&; the cusprctness resulting froa these, <nd
from the hydrogen bond foruation is rcflceted in the high density of
oxctaide, The closc approach of carbon cnd oxygcen @y be compeored with
those recently obscrved in p-nitroanilige (ibrahams and Robertson,1948)
in which C...0 separations of 2,7 - 3.0A were reported between oxygen
atomns of a nitro group and carbon atoms of the benzene ring. i parallel
may be drawn, although of very doubtful significance, between the situation
of a carbon atom in the resonance structure outlined above and that of a
carbon atom in a benzene ring on the one hand, and between the situation
of an oxygen atom also in the above resonance structurc and an oxygen atom
in an -NO, group on the other; in the one case the carbon atous both form
three bonds, two of which involve single-double bond resonancc¢, and in the
other thc oxygcn atoms both form one bond involving single-double bond
resonance, and thc parallel might be extended to the closc C...0 approaches
in oxamide and p-nitroaniline. This is, of course, entircly speculative.

Figurc 3 is a diagrammatic projcction of two laycrs of thc structure
porpendicular to (100) (not along the a-oxis) to illustratc the relation-
ship of the molcculcs in a planc to onc another, and to illustrote the
relationship of successive planes of molecules; the black circles represent
atoms in the higher planc, The hydrogen bonds link molccules in ploncs
parallel to the paper, and the closc interamolccular approoches of undefined
type occur between molccules of succceding plenes parallel to the poper.

It will be possible to discuss the structure with morc ccrtainty when
the reosults of the 3-dimensional analysis arc availcble.

S - Noo 90
M.No.281/49
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