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type X on alkaline solutions seem to be due to a
surface charge on the uppermost monolayer
rather than to the presence of dipole molecules
within the film. A theory.is given for the po-
tential distribution produced by these surface
charges and it is shown that with potential gra-
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dients of the order of 3 X 10% v./cm. over dis-
tances of a few Angstrom units the contact po-
tentials can increase at a linear rate of 70 mv. per
layer only up to films of a thickness of a few
hundred layers.

ScHENECTADY, NEW YORK RECEIVED FEBRUARY 11, 1938

[CONTRIBUTION FROM THE BAKER LABORATORY OF CHEMISTRY, CORNELL UNIVERSITY]

The Structure of Trisodium Tricyanmelamine Trihydrate

By J. L. HoArD

Introduction

Tricyanmelamine or cyanuric tricyanamide,
C;N3(NCNH);, belongs to an interesting group of
closely related and quite stable compounds which
are discussed by Franklin! under the heading of
ammono polycarbonic acids. Tricyanmelamine is
soluble in water, yielding a highly conducting,
strongly acid solution; both acid and normal salts
are readily prepared. The normal sodium salt,
Na3sCeNy-3H;0, crystallizes from aqueous solution
as brilliant, colorless, hexagonal needles with well-
defined faces not at all affected by long exposure to
the atmosphere. Water of crystallization, indeed,
is not lost below 160°. The sodium salt is formed,
moreover, by the spontaneous polymerization in
aqueous solution of sodium dicyanimide, NaC,Nj.

The stability and high symmetry of crystals of
trisodium tricyanmelamine trihydrate single it out
as an appropriate representative for X-ray study
of this interesting class of compounds. The crys-
tal structure of this salt and the information ob-
tained therefrom about the structure of the anion
are discussed in this paper.

Determination of the Structure

The crystals used in this investigation were ob-
tained from the late Professor E. C. Franklin of
Stanford University.? A Laue photograph taken
with the X-rays passing through a basal section of
one of the hexagonal needles, the incident beam be-
ing accurately normal to (00-1), showed the six-
fold axis and six planes of symmetry of the point-

(1) Franklin, “Nitrogen System of Compounds,” Am. Chem, Soc.
Monograph, Reinhold Publishing Corp., New York, N. V., 1935,
pp. 101-107.

(2) Crystals of this substance were given also by Professor Frank-
lin to Professor Linus Pauling and Dr. J. H. Sturdivant of the Cali-
fornia Institute of Technology, and the early stages of the X-ray
investigation, leading to an approximate sketch of the correct struc-
ture, were duplicated in its essentials by us. Upon discovery of this
duplication, Professor Pauling and Dr. Sturdivant very kindly re-
linquished their claim to the problem.

group D! The character of the face develop-
ment observed on the ends of a number of the
hexagonal needles was, however, in every case
only trigonal. Dj is indicated unambiguously as
the true point-group since it is the only one which
can satisfy simultaneously these symmetry condi-
tions.

Oscillation and rotation photographs about the
needle axis were prepared using CuKe« and MoK«
radiation. Layer line spacings lead to ¢ = 6.56
A, equatorial reflections to ¢y = 10.23 A., these
values being accurate to within about 0.19,. It
was possible, indeed, to index all reflections ap-
pearing upon rotation and oscillation photographs
upon the basis of this unit, reflections in the equa-
tor being observed for values of 2 sin 8 as high as
about 1.96 when CuKa was the radiation em-
ployed. ‘

The further observation that no reflection of
the type {mm-l}, I odd, appears leads to the
unique selection of D3, — C62c¢ as the correct
space-group with a high degree of probability.
The structure of NasCsNy-3H;O is then to be
based upon the hexagonal unit with ¢; = 10.23
A., ¢ = 6.56 A., containing 2Na;CsNg-3H,0,
space-group Dj, — CB2c.

Chemical evidence indicates that the tricyan-
melamine ion, CsN3(NCN)3 ™, is isoelectronic with
the cyanuric triazide molecule. Dj, affords posi-
tions? for carbon and nitrogen atoms which permit
of the existence of such anions in the unit cell.
The two anions may be considered as centered at
positions 2(b): 0,0,1/4; 0,0,3/4, with a minimum
molecular symmetry (C3) consisting in a three-
fold axis with a reflection plane perpendicular to it.
Structurally speaking, there are two sets of carbon
and three sets of nitrogen atoms, each of these be-

(3) R. W. G. Wyckoff, “The Analytical Expression of the Results
of the Theory of Space-Groups,”’ Carnegie Institution of Washington,
2d ed., 1931, pp. 159-160.
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ing placed in the positions 6(h): uz2,1/4; v — u,
u,1/4; vu —o,1/4; v,u,3/4; uy —u,3/4; u — v,
9,3/4. It is necessary also to place 6H.0 in 6(%)
with a sixth set of parameter values, so that the
anions and water molecules pack together in the
symmetry planes. The only acceptable positions
for sodium ions are those of 6(g): u,u,0; 0,u4,0;
u,0,0; wu,1/2; 0,4, 1/2; u,0,1/2, with u about
0.405. Leaving hydrogen out of consideration,
this tentative structure has thirteen parameters to
be determined from the intensity data.

Whatever the particular values of the parame-
ters, certain regularities are required in the in-
tensities of reflections appearing on photographs
taken with the needle axis as the axis of oscillation
if the proper positions have been selected for the
various kinds of atoms. For arbitrarily chosen
values of & and k, the structure factor for {hk-l},
I odd, is independent of the particular value of /;
the structure factor for {hk-l}, /4 integral, is in-
dependent of the particular value of /; and the
structure factor for {Ak-l},1/4 hali-integral, is in-
dependent of the particular value of /. Again the
only difference between the structure factor for
{hk-l}, 1/4 integral and that for the correspond-
ing {kk-l}, 1/4 half integral lies in a change of
phase of 180° between sodium and all other atoms
so that the average intensities (considering the
structure factor alone) of the layer line reflections
with [ = 2 should be comparable with those for /
= Qorl = 4. Also the layer with z = 3/4 is de-
rived from that with z = 1/4 by the operation of a
two-fold axis lying in the plane y = 1/2 and it fol-
lows that layer lines with ! odd must be much
weaker on the average than those with [/ even
(sodium, of course, not contributing anything to
the former). The observed intensity pattern is
in agreement apparently with the general relation-
ships stated in this paragraph.

Values can be assigned to twelve of the thirteen
parameters so that the anions are of approximately
the size and shape which would be expected on
the basis of existing data, and so that anions and
water molecules pack together to give the type of
compact layer illustrated in Fig. 1. Each sodium
ion, lying on a two-fold axis between the nega-
tively charged layers, can be assigned a parameter
value so as to be octahedrally surrounded by four
nitrogen and two oxygen atoms at reasonable dis-
tances.

That the structure illustrated for this substance
in Fig. 1 is essentially correct is shown by a com-

STRUCTURE OF TRISODIUM TRICYANMELAMINE TRIHYDRATE

1195

Fig. 1.—A packing diagram of the atomic layer with
z = 1/, together with the sodium ions inz = 1/,.

parison of calculated and observed intensities,
which are exhibited in Table I. (All planes in
each layer line which might give recordable re-
flections in the camera are included.) The fol-
lowing formula was employed for calculation

2 1 271 -1
I =i C()nsta"l . 1_—!:'._(;0_8._.2__6 . [1 a— (5"1 o3 ) ] /t . :Sl’
sin 26

sin 26

The parameter values of Fig. 1 are as follows

Criu = 0.145, v = 0.094;
Cir:u = 0.385, v = 0.135;

Ni:n = 0.055, v = 0.154;
N = 0.300, v = 0.198;
Nimn:u = 0463, v = 0.077,;
Om = 0.282, v = 0.485;
Na:u = 0.405

The f-values of Pauling and Sherman* are em-
ployed throughout this paper. The crystal used
(with CuK ) was a needle of nearly regular hexago-
nal cross section, about 0.1 mm. in average diame-
ter. No correction is included for extinction,
for the rather small absorption of the crystals for
X-rays, or for the decrease in intensity arising
from thermal vibrations in the crystal; the omis-
sion of the temperature factor requires that, with
increasing sin 8/X, the observed intensities fall off
more rapidly than those calculated.

Observed intensities were estimated by compari-
son of Ka and K reflections appearing on photo-
graphs of widely differing times of exposure, mak-
ing use also of an intensity scale prepared for the
purpose. The {/h0-0} intensities were estimated
with great care, the others only moderately so.

It is seen that the agreement between calculated
and observed intensities (Table I) is at least quali-

(4) Pauling and Sherman, Z. Krist., 81, 1 (1932).
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TABLE I

CoMPARISON OF CALCULATED WITH OBSERVED INTENSI-
TIES OF X-RAY REFLECTION®

Intensity Intensity

{hk-0} Calcd. Obsd.  {hk-1} Caled. Obsd.
01:0 190 180 01-1 4 0
11:0 200 128 1141 0 0
02:0 150 90 02:1 230 90
12:0 43 32 1241 105 90

Intensity
{hk-2} Caled. Obsd.
01:2 770 600
11-2 460 250
022 160 90
12.2 145 100

030 18 16 031 115 90 032 310 200
22:0 13 8 221 0 0 222 95 12
130 180 150 131 250 128 132 185 50
040 20 24 041 4 2 042 1 1
23-0 43 16 231 3 3 232 42 16
140 12 8 141 7 4 142 24 2
050 11 4 051 4 3 052 230 90
330 95 24 331 0 0 332 2 1
240 160 64 24-1 8 4 242 6 1
150 19 8 151 12 2 152 2 0
06:0 20 10 061 7 1 062 1 0
340 75 24 341 7 1 342 6 1
2500 44 16 251 26 3 252 25 3
160 5 3 161 12 3 162 65 6
440 58 8 441 0 0 442 35 12
070 5 2 071 6 0 o072 40 6
350 32 8 351 2 1 3852 1 0
260 1 1 261 16 4 262 3 3
17:0 6 2 171 1 0 172 8 2
450 20 6 451 4 0 452 8 6
36-0 13 2 361 32 2 362 55 12
08-0 4 0 081 - 2 0 082 4 0
27:0 1 1 271 3 1 272 9 5
180 40 6 181 4 1 182 4 0
550 27 6 551 0 0 552 50 8
460 17 2 461 4 1 462 6 2
370 10 2 371 4 0 32 8 0
090 7 1 09-1 1 0 092 4 0
28:0 1 0 281 1 0 282 11 1
190 7 2 19-1 1 0 192 2 0
560 1 0 56-1 2 0 562 4 0
470 4 3 471 2 0 472 W0 0
380 9 1 381 4 0 382 2 0

01000 21 3 0101 1 0 0102 3 0
290 15 2 291 3 0 202 2 0
66-0 7 2 66-1 0 0 662 2 0
570 4 1 571 4 0 572 4 0

1-10-0 2 0 1101 1 0 1102 1 0
480 1 1 481 2 0 482 2 0
390 1 0 39-1 1 0

0-11-0 1 0 0111 1 0

2:10+0 1 0 2101 2 0
670 3 1
58-0 1 0

¢ Temperature factor not included.

tatively satisfactory in general, and for the most
part is satisfactory in detail. The agreement is
better for {rk-0} than it is for {kk-1} or {Ak-2}
reflections, for which the sine terms are relatively
more important.

The parameter values used above were not,
naturally, the only set employed for calculating
intensities. In particular, if each anion be rotated
through about thirty degrees so as to make anion—
anion contacts between terminal nitrogen atoms
of side chains about the three-fold axis at 2/3,
1/3, z, another, quite distinct grouping arises.
The packing relations turn out to be rather un-
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satisfactory, and intensity comparisons to be com-
pletely unsatisfactory for this case.

The results contained in Table I are good enough
to make it quite sure that the parameter values
used for calculation cannot be far from the true
ones. Variations of several thousandths in some
of the individual values are certainly not improb-
able. It does not seem feasible to determine the
positions accurately enough to give interatomic
distances, for instance, the C-N separation in the
cyanuric ring, to within 0.01 or 0.02 A., in spite of
the fact that excellent quantitative data can be
obtained readily for crystals of this substance. A
Fourier analysis of the data designed to achieve
such accuracy is not feasible since no significant
projection of the structure contains a center of
symmetry. Neither can the laborious method of
trial and error be employed profitably to achieve
high accuracy in the parameter determinations
since: (1) the f-values used for carbon and nitro-
gen are only very approximate even for idealized
atoms of spherical symmetry, whereas in the pres-
ent case over 709, of the electrons of the anion are
used for bond formation with presumably a con-
siderable concentration of scattering material in
specific regions: (2) the temperature factor must
be expected to show a marked dependence upon
the orientation of the incident beam with respect
to the crystallographic axes as well as upon the
angle of scattering. Both of these factors are un-
predictable at present.

Discussion of the Structure

A drawing of an atomic layer with z = 1/4 to-
gether with a superimposed layer of sodium ions
in 2 = 1/2 is shown in Fig. 1. The parameter
values employed lead to the interatomic distances
given in Table II. Of these, the first five refer to
separations of adjacent pairs of atoms within the
anion, the next four to the packing relations of
oxygen within an atomic layer, the following three
to the codrdination of nitrogen and oxygen about
sodium, and the last two values give the closest
distances of approach of two atoms (nitrogen) in
neighboring anions.

It is profitable to compare this structure with
that found for cyanuric triazide.’ Although not
identical in detail, these two studies of cyanuric
triazide agree in assigning to the molecule a size
and shape generally quite similar to that found for

(5) E. W. Hughes, J. Chem. Phys., 8, 1 (1935); 8, 650 (1935);
I. E. Knaggs, Proc. Roy. Soc. (London), A160, 576 (1935); J. Chem.
Phys., 8, 241 (1935).
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TasLE 11
INTERATOMIC DiSTANCES IN TRISODIUM TRICYANMEL-
AMINE TRIHYDRATE
Atom Neighbor Separation, A.

Cr Ni 1.34
Cr N1 1.35
Ct Nu 1.40
N Cn 1.32
Cu N 1.21
(6] O 2.87
(6] N 3.00
(0] Nn 3.03
(6] Nin 3.16
Na (6] 2.44
Na N 2.46
Na NIII 2.49
Nu N 3.34
N N 3.55

the tricyanmelamine ion. The linear cyanamide
groups in the side chains of C;N3(NCN);= are, as
expected, somewhat longer than the azide groups
of C3N3(N3)3.

The “packing” distance between nitrogen atoms
of two neighboring molecules is about 3.15 A. on
the average in cyanuric triazide, to be compared
with about 3.34 A. (in the same layer) in sodium
tricyanmelamine. (Half this value, 1.67 A., was
used in drawing the envelopes of the anions in Fig.
1.) In the latter case, however, the nitrogen
atoms carry a negative charge. The separation of
adjacent negative layers is co/2 or 3.28 A.; the
smallest value of the N-N separation between
these layers is 3.55 A. (Table II).

Each sodium ion is surrounded by two oxygen
and four nitrogen atoms at the corners of a dis-
torted octahedron. The Na-O distance, 2.44 A.,
is about that which has been found repeatedly for
codrdination number six. Na-N separations of
2.46 and 2.49 A. are slightly smaller than might
have been anticipated. This may be correlated
with the favorable orientation of the anions with
respect to sodium, resulting in regions of high
electron density (unshared electron pairs) on the
nitrogen atoms being directed toward sodium ions.

The relationships of water molecules to each
other and to nitrogen atoms (all of which presum-
ably carry some negative charge) are not such as to
indicate the presence of definite hydrogen bridges
or bonds within the structure. The packing re-
lations are, nevertheless, consistent with the idea
that there is an appreciable stabilizing contribution
to the energy of the crystal arising from electro-
static interactions of water molecules with each
other and with nitrogen.

The more detailed

investigation given by
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Knaggs® to cyanuric triazide seems to require that
the cyanuric ring contain two unequal C-N dis-
tances of 1.31 and 1.3§ A., corresponding essen-
tially to alternate double and single bonds. On
the other hand, the theoretical treatment of Paul-
ing and Sturdivant® shows that the rather unusual
stability of a compound of this type can be under-
stood in terms of a large stabilizing energy arising
from resonance among a number of nearly equiva-
lent valence bond structures. If the C-N sepa-
rations in the ring are appreciably different, the
most important case of this resonance is expected
to be largely inhibited. Values of 1.34 or 1.35 A.,
assigned to the C-N distance in the present work,
are close to the expected average, but the accuracy
of the parameter determinations cannot be con-
sidered adequate to furnish real evidence with re-
gard to the problem stated. To give these inter-
atomic distances to within 0.01 A., an accuracy
will usually be required equivalent to fixing several
individual parameters to rather better than 0.001.

Careful Fourier analyses of the X-ray data from
several appropriate compounds containing the
cyanuric ring are needed in order that such de-
tailed conclusions can be accepted with complete
confidence.

It is of interest to note that tricyanmelamine it-
self crystallizes from aqueous solution as the tri-
hydrate, comparable in stability with the sodium
salt. The hydrated acid may contain layers very
nearly identical, except for the addition of protous,
with the negative layers of Fig. 1. It is planned
to investigate the structure of this compound in
this Laboratory in the hope that the superposition
of layers will prove to be such that an illuminating
Fourier analysis will be possible.

It seems probable that the triammonate of so-
dium tricyanmelamine, NasC¢Ny-3NHj;, is iso-
morphous with the trihydrate. The packing re-
lations exhibited by water molecules toward each
other and toward nitrogen atoms should be satis-
factory also for ammonia.

Thanks are due to Professor Linus Pauling and
Dr. J. H. Sturdivant for their kindness in reliu-
quishing their claim to this problem. I have had
also the benefit of helpful discussions with Profes-
sor Pauling. I am indebted to Dr. J. Sherman for
some of the intensity calculations.

Summary

It is deduced from X-ray data that trisodium
(6) Pauling and Sturdivant, Proc, Nut. Acad. Sci., 28, 615 (1837).
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tricyanmelamine trihydrate possesses a hexagonal
unit of structure with a¢; = 10.23 A., co = 5.56 A.,
containing 2Na;CsNy-3H,0, space-group Dj, —
C62c. The tricyanmelamine ions pack together
with water molecules in symmetry planes to form
atomic layers which are equally spaced perpen-
dicular to the hexagonal axis. These negatively
charged layers are bound together by sodium ions
(Fig. 1) each of which is octahedrally surrounded

Davip E. WORRALL
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by four nitrogen and two oxygen atoms at dis-
tances agreeing with the sums of the respective
ionic radil. Packing relations within this struc-
ture and the stereochemistry of the anion are com-
pared with the corresponding data for cyanuric
triazide. The stabilities of both anion and crystal
are reflected in the compact and generally satis-
factory nature of the structure.

ItHACA, N. Y. ReceveEp MARrcH 10, 1938

[A CONTRIBUTION FROM THE PEARSON MEMORIAL LABORATORY OF TUFTS COLLEGE]

Certain Halogen and Nitro Derivatives of 3-Anilino-5-phenylisoxazole and Pyrazole

By Davip E. WORRALL

It was shown in a previous communication?
that the substances obtained from phenylpropiol
thioanilide by interaction with hydroxylamine and
hydrazine react easily with bromine and nitric
acid. Since 3,5-diphenylisoxazole does not react
even with fuming nitric acid,? it was assumed that
substitution took place solely in the aniline group,
an assumption that since has been found un-
tenable by comparison with a derivative of known
structure.

The thioamide obtained from p-bromopheny!
isothiocyanate forms an isoxazole isomeric and
not identical with that resulting from the action
of bromine on anilinophenylisoxazole. Further-
more, it was discovered that 24-dibromoaniline
as well as benzoic acid could be isolated from the
oxidation products of the tribromo derivative of
anilinophenylpyrazole. Substitution must start
with the isoxazole (or pyrazole) ring and at posi-
tion four as it is otherwise stripped of hydrogen,
subsequently involving the aniline group. Con-
sequently, the substances previously reported
as 3-p-bromoanilino-5-phenylisoxazole and 3-(2,4,-
6-tribrotoanilino)-5-phenylpyrazole actually are
3-anilino-4-bromo-5-phenylisoxazole and 3-(2,4-
dibromoanilino) -4-bromo-5 - phenylpyrazole. It
follows that similar changes should be made with
the mnitro derivatives. The compounds pre-
viously listed as 3-(2,4-dinitroanilino)-5-phenyl-
isoxazole and 3-(2,4,6-trinitroanilino)-5-phenyl-
pyrazole should be recorded as 3-(4-nitroanilino)-
4-nitro-5-phenylisoxazole aud 3-(2,4-dinitroani-
lino)-4-nitro-5-phenylpyrazole.

© (1) Worrall, THis Journar, §9, 933 (1937).
(2) Wislicenus, Ann., 308, 249 (1899).

Experimental

Phenylpropiol Thio-4-bromoanilide.—This substance
was prepared using the customary technique! from 0.2
gram mole of p-bromophenyl isothiocyanate., The prod-
uct, thoroughly washed with cold alcohol, amounted to
about 50 g. A small portion was crystallized from ben-
zene, separating as bright yellow needles, melting with de-
composition at 132-133°. No polymer formation was ob-
served. Anal. Caled. for CsH oINSBr: Br, 25.3. Found:
Br, 25.6.

3-(4-Bromoanilino)-5-phenylisoxazole.—Ten grams of
the crude was added in small lots to a boiling alcoholic
solution containing an excess of hydroxylamine. The
precipitate thrown out by an equal volume of water was
crystallized first from ethylene chlorohydrin, then twice
from alcohol; final yield, 2.4 g. of colorless flat needles
melting at 180-181°. Amnal. Caled. for CisHuON,Br:
Br, 25.4. Found: Br, 25.5.

3-(2,4-Dibromoanilino)-4-bromo-5-phenylisoxazole was
obtained by bromination in chloroform of the monobro-
mide. The same substance resulted when the isomeric
monobromo derivative and the original non-bromine con-
taining isoxazole were mixed with an excess of brominc.
An insoluble substance formed in all cases which blackened
and lost hydrogen bromide on contact with wet solvents,
but which dissolved in boiling alcohol with only a transi-
tory color, separating out almost immediately as colorless,
hair-like crystals, m. p. 176°. Amnal. Caled. for Ci:Hy-
ON;Br;: Br, 50.8. Found: Br, 50.7.

3-(2-Chloro-4-bromoanilino)-4-chloro-5 - phenylisox-
azole was prepared by the chlorination of the bromo de-
rivative. It was isolated from alcohol in the form of small
needles, m. p. 163°. Anal. Caled. for CisHyON;BrCl;:
Cl, 18.5. Found: Cl, 18.6.

3-(4-Bromoanilino)-4-nitro-5-phenylisoxazole.—By ni-
tration slender yellow needles were obtained, sparingly
soluble in alcohol, m. p. 163-164°, Anal. Caled. for
CisH10O:N3Br: Br, 22.2. Found: Br, 21.8.

3 -(4-Nitroanilino)-4-bromo - 5 - phenylisoxazole.—-Ni-
tration of the nuclear brominated isoxazole produced this
isomer which separated froin glacial acetic acid as small



