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Acetonitrile-2-(hydrogen bromide, hydrogen chloride and hydrogen iodide)
were prepared first by A. Gautier! by saturating acetonitrile with hydrogen
halide. He concluded that the compounds contained only one molecule of
hydrogen halide. The chemical composition of the hydrogen bromide addition
compound was subsequently determined by C. Engler?, who established by
analysis the correct chemical formula as CH,CN-2 HBr.

Conflicting views regarding the structures of the hydrogen halide addition
compounds of acetonitrile have appeared in the literature. They can be repre-
sented by three different formulas:

X
|
R-—(|3—NH2; [R—C=N —H]"HXy; R'—c1:NH2 FY-

X X
I II. II1.

where R=CHs; X =Cl, Br and I; Y =Br, I and SbClg.

A. Hantzsch?® reasoned that the addition products of halogen acids with
acetonitrile could be defined by formula II. L. E. Hinkel and G.L. Treharne*
reported that the structure of the dihydrogen chloride compound corresponds
to formula I. F. Klages and W. Grill5 suggested types I and III as possible
structures for acetonitrile-2-(hydrogen halides), but proposed that the probable
structure is of type III. G. J. Janz and S. S. Danyluk® found from infrared
studies that the spectrum of solid CH,CN-2HBr was consistent with the
structure of formula III. Their attempts to obtain the infrared spectrum of
the solid hydrochloride compound were unsuccessful due to its unstability
and low melting point. However infrared spectra of this compound, dissolved
in anhydrous CH,CN, obtained at molar concentrations of 0.5 and 1.5, led them
to conclude that the structure of the CH,CN:2HCI complex corresponded to
formula II. E. Allenstein and A. Schmidt? concluded on the basis of infrared
spectroscopic studies of CH,CN-2HBr, CH,CN-2 HI and CH,CN-2 HCI-SbCl,
that the structure of the hydrogen halide addition compounds of aceto-
nitrile corresponds to formula III. In the hope that a direct crystal structure
investigation could solve this rather complex problem, we have undertaken
an X-ray diffraction study of CH,CN-2 HBr. Three-dimensional neutron dif-
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fraction studies of CH,CN-2HCIl were carried out simultaneously by J. M.
Williams and S. W. Petersons.

Crystals of CH3CN-2 HBr were prepared by saturating acetonitrile with HBr
at room temperature under anhydrous conditions. Spectroquality acetonitrile, Matheson
Coleman and Bell, Cincinnati, Ohio, of less than 0.05/¢ water content and hydrogen
bromide gas, The Matheson Company, Inc., East Rutherford, N.J., of 99.30/p minimum
purity were used. During the preparation HBr was absorbed rapidly and after a very
short period colorless, transparent crystals appeared. These were flat prisms and
were quite hygroscopic. Further examination was carried out under petrolatum and
in sealed capillary tubes. Twinning was frequently observed and in several cases
the presence of twin-crystals was obvious only from X-ray photographs.

TABLE I
Crystallographic Data

CH3CN-2 HBr CH3CN-2 HCI
a = 9.16 4 0.01; 8.72 4 0.01 &
b =17.24 F 0.01; 6.93 F 0.01 &
c =897 F 0.02; 8.63 F 0.01 &
Dp = 2.21; 143 g.cm.™3
Dy = 2.27; 1.45 g.cm.™3
Space _ 16y, 16
Srolin Pnma (D,,); Pnma (D,y)
Z = 4, 4

The unit cell dimensions and space group were obtained from Weissenberg pho-
tographs and diffractometer measurements. The density was determined by flotation
in CHBr3 + CH3CH,I. The systematic absences of reflections indicated two possible
space groups: Pnma — D%g or Pn2ia — c‘;v . The centro-symmetric group was chosen
on the basis of structure analysis of CH3CN-2 HCIS. The crystallographic data of
CH3CN:2 HBr are listed in Table I along with data for CH3CN-2HCl for compa-
rison. The coincidence of the possible space groups coupled with the similarity of
the lattice constants suggested that the two compounds might be isomorphous.

) The intensities of h0l and 0kl reflections out to 2O = 4550 (reflections with
higher 20 values were undetectable) were collected from the sample mounted on
a single crystal orienter using Mo Ko radiation. The intensities were corrected for
Lorentz and polarization factors in the usual way. Absorption corrections were cal-
culated for each reflection using D.J. Wehe, W.R. Busing and H.A. Levy ORABS
program?®, and the structure factors derived. The parameters of Br, C and N atoms
were obtained from Patterson and Fourier projections and refined by several least-
-squares cycles using the ORFLS program® to the values listed in Table II. An iso-
tropic temperature factor was varied for each atom. Atomic form factors were taken
from the International Tables!!, Observed and calculated structure factors are listed
in Table III. The residual R(R = Zna||Fo|—|Fo||/Zha|Fo|) was 0.183 including
unobserved reflections and 0.147 omitting unobserved reflections.

Precise refinement of the light-atom positional parameters was not possible
based on the limited two-dimensional intensity data. The best agreement was
with coordinates listed in Table II. Standard errors are given in parentheses
and are somewhat large, as expected, for carbon and nitrogen atoms. The
coordinates of these atoms though insufficiently accurate for calculation of
correct bond lengths do determine that the molecular structure can be descri-
bed by formula III. The atomic coordinates of CH,CN-2HCI are also listed
in Table II for comparison. It was immediately obvious that the two compounds
are structurally isomorphous and that further refinement should be carried
out only on CH,CN-2 HCIL

The structure of CH,CN-2 HBr is represented in projection in Fig. 1. All
the atoms (except eight methyl hydrogen atoms) occupy special positions and
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TABLE II
Atomic Coordinates

CH3CN-2 HBr CH;3;CN-2 HCI
| zx/a | wyb | zc | B4y I xfa | yb | =z

Br 1 0.083 0.250 |—0.007 5.4 Cl 1 [0.06951 0.250 |—0.0084

{.001) (.003) (.3) (.0005) (.0006)
Br 2 0.214 0.250 0.552 45 Cl 2 (0.21711 0.250 0.5624

(.004) (.001) (9 (.0004) (.0005)
C 1 0.290 0.250 0.007 6.1 C 1 |0.2887 0.250 0.0070

(.025) (.054) (1.4) (.0006) (.0007)
C 2 0.324 0.250 0.175 5.9 Cc 2 10.3528 0.250 0.1647

(.028) (.009) (2.0) (.0009) (.0008)
N 0.366 0.250 |—0.120 6.0 N 0.3678 0.250 —0.1159

(.001) (.011) (.3) (.0004) (.0005)
CH:CN - 2 HBr:
Ri =2 || Fo | — | Fell / Zxm | Fo | = 0.183 (including unobserved reflections)
Re = Zpa || Fo | — | Fe |l / Zn | Fo | = 0.147 (omitting unobserved reflections)

TABLE III

Observed and calculated structure factors for CH3CN-2 HBr (Structure factors for
unobserved reflections were assigned the value 2.7 and designated by an asterisk.)

h01| 7, | . ‘hozk 7, ‘ Fo )noz! F, ‘ Fe lorcz| F, t .
1
Sul | @ l—om | swa | "z 70 | 405 | 230 | —285 | 020 | 2601 | —275.5
100 | 27 96 | 103 | 738 822 | 505 | 316 | —3la | 040 | 146.9 1585
600 | 7.9 | —517 | 203 | 317 333 | 605 | 438 357 | 060 | 611 | —79.1
800 | 201 | —222 | 303 | 1256 172 006 | 204 200 | 080 | 27 33.6
1000 | 313 181 | 403 | 385 | —3715 | 106 | 423 | —458 | 011 | 532 46.5
101 | 568 629 | 503 | 90.8 | —754 | 206 | 378 386 | 031 | 72 | —331
201 | 206 203 | 603 | 535 434 | 306 | 388 a0 | 051 | 131 19.2
301 | 899 848 | T03 | o7 | —40 | 406 | 207 | —278 | 071 | 27 | —94
401 | 234 | —260 | 803 | 412 | —278 | 506 | 27 | —61 | 022 | 190.8 | —179.9
501 | 1472 | —1202 | 903 | 148 | —11.6 | 606 | 205 | —I81 | 042 | 104.2 1113
601 | 229 239 | 004 | 795 903 | 107 | 204 348 | 062 | 497 | —57.8
701 | o 79 | 104 | 631 | —650 | 207 | 244 23 | 013 | 140.8 1112
801 | 103 | —118 | 204 | 185 192 | 307 | 118 | —13.6 | 033 | 827 | —79.8
901 | 322 | —217 | 304 | 238 660 | 407 | o7t | —120 | 053 | 872 465
002 | 2031 2205 | 404 | 81 | —102 | 507 | o7+ | —1 | 073 | 27 | —228
102 | 660 | —656 | 504 | 224 | —210 | 607 | 163 138 | 024 | 780 | —71.3
202 | 321 | —295 | 604 | 485 | —395 | 008 | 27+ | —19 | 044 | 424 510
302 | 668 655 | 704 | 27 | —o6 | 108 | 85 | —85 | 064 | 138 | —2.9
2402 | 77 60 | 804 | 180 | —13.0 | 208 | 318 358 | 015 | 1071 78.6
502 | 187 | —18.9 | 904 | 27 50 | 308 | 27+ | 160 | 035 | 7.6 | —607
602 | 749 | —584 | 105 | 57.0 567 | 408 | 27* | —237 | 055 | 347 37.6
702 | o7t | —55 | 205 | 336 405 | 508 | 27 05 | 026 | 193 | —2a6
802 | 242 | —181 | 305 | 2qr | —31 046 | 145 15.2
017 | 375 311
037 | 230 | —249
057 | o 15.9

lie in the mirror planes at y = 1/4 and 3/4 of the space group Pnma. Atoms
lying in the mirror plane at y = 1/4 are designated by shaded circles and
those at y = 3/4 by open circles. The atoms which belong to CH, CBr-NH,
groupings in the mirror plane at y = 1/4 are connected in the picture with
straight lines, and those at y = 3/4 with dotted lines. The distance of 3.25 A
between N atom from CH,-CBr:-NH, groups and Br ions lying in the same
mirror plane indicates probable hydrogen bonding. This was confirmed from
the structure of CH,CN-2 HCl where positions of all hydrogen atoms were
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Fig. 1. Projection of the structure of CH3;CN-2 HBr on a plane normal to [010]. Atoms lying in
the mirror plane at y = /4 are designated by shaded circles and those at y = 3/4 by open circles.
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Fig. 2. N—H...Cl hydrogen bonding in the structure of CH3;CN-2 HCl. Only these molecules
are shown which lie in the mirror plane at y = /4.
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determined. Fig. 2 shows the molecules of CH,CN-2HCl which lie in the
mirror plane at y = 1/4. The atoms which belong to CH,-CCl-NH, gro-
upings are connected with straight lines and the N—H...Cl hydrogen bon-
ding by broken lines. The hydrogen bonds bind molecules lying in the mirror
plane together forming planar chains. There is no contact between chains
which are in the mirror plane at y = 1/4 and those at y = 3/4. The bond
distances in CH,CN-2 HBr are shown in Fig. 3. No significance should be
attached to these interatomic distances, especially between carbon and nitro-

Fig. 3. The CH;CN-2 HBr molecule showing bond lengths in angstroms.

Fig. 4. The CH3CN-2HCl molecule showing bond lengths in angstroms. Bond distances in
parenthesis are corrected for thermal motion.

gen atoms because of high standard deviation of their atomic coordinates. The
structure analysis of CH,CN-2 HCl permits a common treatment of the ste-
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reochemistry of both isomorphous compounds and the Fig. 4 shows the bond
distances in the CH,CN:2HCl molecule. The detailed description of this
structure will be published elsewhere.
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IZVOD
IstraZivanje CH3CN-2 HBr metodom rendgenske difrakcije
B. Matkovié, S. W. Peterson i J. M. Williams

Struktura CH3CN-2 HBr odredena je iz dvodimenzionalnih podataka. Kristali

su rompski, prostorna grupa Pnma, sa dimenzijama elementarne éelije:

a=2916, b="1724, c=897T A, Z=4.

Na temelju kristalografskih podataka i koordinata atoma, ustanovljeno je da je spoj
izomorfan sa CH3CN -2 HCI. Struktura odgovara formuli (CHs*CBr-NH.)Br. N—H . . . Br
vodikove veze povezuju medusobno molekule koje leZe u istoj zrcalnoj ravnini i

stvaraju planarne lance. Nema nikakvih dodira medu lancima u zrecalnim ravninama
na y=1/41 y=3/4.

WASHINGTON STATE UNIVERSITY Primljeno 10. veljae 1967.
PULLMAN, WASHINGTON 99163, USA



