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this method requires a very accurately cut plate of
crystal. Observations on the eye of a magnified inter-
ference figure, however, given by the same crystal
specimen, were consistent with a positive rotation
(clockwise as seen by the observer looking towards
the light source) of about 9°+5° per mm, for the
crystal having the morphology of Fig. 1. It is hoped
to confirm this result and to measure the magnitude
of the rotation reliably in due course.
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The Crystal Structure of p-Iodobenzonitrile

By EumER O. SCHLEMPER AND DOYLE BRITTON

Department of Chemistry, University of Minnesota, Minneapolis 14, Minnesota, U.S. 4.

(Recetved 31 March 1964)

p-Todobenzonitrile forms monoclinic crystals in the space group C2/c (C§;) with four molecules in
a unit cell of dimensions, a =10-36, 5=10-63, c=9-10 A and £ =133-1°, The molecules lie on two-
fold axes of the crystal and have C,, symmetry. The cyanide group in one molecule is involved in
a weak external bond to the iodine atom in the adjacent molecule. The external bond is similar to,

but weaker than, that found in iodine cyanide.

Introduction

Recognizable solid state intermolecular interactions
between cyanide groups and heavy non-metal atoms
are known in a number of cases. The first known and
most studied of these is in iodine cyanide (Ketelaar
& Zwartsenberg, 1939; Townes & Dailey, 1952) where
the external nitrogen-iodine distance is 0-8-0-9 A
less than the sum of the van der Waals radii. Similarly
short distances are found in bromine cyanide (Geller
& Schawlow, 1955), chlorine cyanide (Heiart &
Carpenter, 1956), selenium selenocyanate (Aksnes &
Foss, 1954), dimethyl arsenic cyanide (Camerman &
Trotter, 1963), and arsenic tricyanide (Emerson &
Britton, 1963). As a part of an examination of the
condition necessary for the formation of such bonds
we have determined the crystal structure of p-iodo-
benzonitrile, with the expectation that a similar sort
of bond could occur here.

Experimental

p-Todobenzonitrile was prepared by the dehydration
of p-iodobenzamide, which had been prepared from
p-iodobenzoic acid. The sample melted at the accepted
value of 124-125-5 °C. The melting point of a sample

prepared by the substitution of —-CN for —NH: in
p-iodoaniline was identical. Crystals suitable for the
X.-ray work, short needles, were grown by sublimation.

From density and unit-cell measurements we have
determined the molecular volumes of p-chloro- and
p-bromo-benzonitrile to be 100-1 and 102-9 A3,
respectively. The assumption of four molecules per
unit cell yields a molecular volume of 110-1 A3 for
p-iodobenzonitrile. The calculated density is 2-08
g.cm~3,

Weissenberg and precession photographs (CuKx =
1-5418, MoKx=0-7107 A) showed this to be the
¢ axis of a monoclinic cell with dimensions:

a=9-10+0-05, b=10-63+0-05, c="7-83+0:05 &;
B=1050+0-2°.

The systematic extinctions for kkl data (h+k+I=
2n+1) and for A0l data (h=2n+1, I=2n+1) indicate
the space group to be Ic or I2/c. A roughly cylindrical
needle 0-3 mm in diameter was chosen for intensity
measurements, and multiple film Weissenberg photo-
graphs using Mo K« radiation were collected for the
zero through 8th layers for rotation around the ¢ axis.
Intensity photographs were taken of the 20! and Okl
zones on a precession camera to provide data to
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correlate the Weissenberg layers. Intensities were
measured by comparison with a series of timed
exposures of a selected spot.* Lorentz and polarization
correction was applied in the usual way. No correction
was made for absorption; the linear absorption
coefficient is 48-5 cm-1. The collected data included
883 reflections of measurable intensity, and 306 more
reflections that fell within the range of the observed
but were too weak to measure. These were included
in the calculations with a value equal to half the
minimum observed intensity.

Determination of the structure

The unit cell was changed to the more conventional
Cc or C2/c with the following dimensions:

a=10-36 +0-05, b=10-63 + 0-05, c=9-10+0-05 &;
B=133-1+0-2°.

This was used for all of the calculations and is used
throughout the rest of this article. The calculations
that follow were made on the Control Data 1604
Computer of the Numerical Analysis Center of the
University of Minnesota using programs prepared at
Princeton University under the direction of Prof.
R. A. Jacobson.

A three-dimensional Patterson map was calculated
with the use of all the data. The iodine positions were
readily found; using only the iodine atoms, R =
Z||Fo| = |Fel|/2|Fo| =029. The iodine atoms were
assumed to lie on the twofold axis of C2/c and a
three-dimensional electron density map was calculated
with the phases determined by the iodine. All of the
other atoms, except hydrogen, were readily identified
from this map, and their positions confirmed the

* The intensities were actually measured twice, once by
E.O.8. and once by Miss Judith Krudener. The values
used were averages of these two sets of measurements plus
some remeasurements where there were large discrepancies
between the two sets. As a test of the value of this additional
measurement, the refinement with all atoms isotropic and
iodine only anisotropic was carried out on all three sets of
data with the results:

Averaged EOS JK
Measurement data data data
Isotropic

R 15-1 19-3 19-3

r 8-2 10-2 10-6
Length of C-C 1-41 1-39 1-40
bonds in ring 1-39 1-46 1-47
1-42 1-45 1-56

Anisotropic

R 11-9 17-6 16-6

r 4-7 7-8 6-5
Length of C-C 1-40 1-39 1-42
bonds in ring 1-39 1-47 1-45
1-41 1-43 1-51

THE CRYSTAL STRUCTURE OF p-IODOBENZONITRILE

choice of C2/c.* Least-squares refinement of the
function 7=2w(|F,|2—|F¢|2)2/Zw|Fo|* with w=1 for
F,<20 and =(20/F,)* for Fo,>20 was carried out
with full matrix calculation. Refinement was carried
through three stages, each stage being continued
until the parameters ceased to shift. The final refine-
ment parameters in each stage were:

All atoms isotropic R = 0-151 r = 0-082
Iodine atom anisotropic 0-119 0-047
All atoms anisotropic 0-117 0-045

Hydrogen atoms were not included in any of the
calculations; the positions at which they would be
expected fell in regions of positive electron density,
but equally positive regions occurred in other parts
of the background.

The final positional parameters and their standard
deviations, estimated by a diagonal approximation,
are given in Table 1. The bond lengths and angles
corresponding to these parameters are given in Fig. 1.
The molecule is planar within experimental error.

@) <@

1-370
(1‘): 0012

Fig. 1. Bond lengths and bond angles in p-iodobenzonitrile.
The standard deviations are based on those in Table 1.

The anisotropic temperature factors are given in
Table 2. The magnitudes of the vibration parallel
and perpendicular to the molecule are given in Table 3.

Table 1. Final positional parameters*

Atom T Y z
I 0 1-0265 + 0-00004 1
C(1) 0 0-8324 1+ 0-0007 }
C(2) 0-0926+0-0005 0-7642+0-0006 0-2141 + 0-0006
C(3) 0-0945+0-0005 0-6339+0-0006 0-2162+ 0-0006
C(4) 0 0-5675 + 0-0008 1
C(5) 0 0-4386 + 0-0008 }
N 0 0-3258 + 0-0008 1

* The standard deviations listed were calculated with a

diagonal approximation to the matrix. They are probably
too small by a factor of about two.

* The iodine atoms alone have C2/c symmetry, so that the
Fourier map based on phases calculated from the iodine
alone also has C2/c symmetry. However, if Cc were correct,
we would expect the light atom peaks to be elongated, or
even split, by an amount proportional to the distance from
the I atom (if we assume the molecule to have Cy, symmetry
regardless of space group). No such elongation or splitting
was observed. The peak heights varied and the shapes were
not always spherical, but neither the variations in height
nor those in shape showed any pattern that would suggest
Cc rather than C2/c to be the correct space group.
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Table 2. Anisotropic temperature factors*

ﬁll ﬁ22 ﬁ33
[ 0-0201 0-0082 0-0303
c(1) 0-0107 0-0115 0-0202
c(2) 0-0182 0-0101 0-0342
C(3) 0-0224 0-0095 0-0340
C(4) 0-0178 0-0086 0-0249
C(5) 0-0166 0-0115 0-0188
N 0-0439 0-0096 0-0389

Bra Bas Bis Bt

0 0 0-0344 4-47

0 0 0-0196 3-69
—0-0019 —0-0020 0-0385 4-52
0-0045 0-0053 0-0419 4-79
0 0 0-0291 4-07

0 0 0-0208 4-29

0 0 0-0614 6-70

* The standard deviations are 0-0004-0-0008 except for N where they are ca. 0-0012.
T Value from the last cycle in which the atom was isotropic.

The structure factors calculated in the last cycle of
the refinement with only the iodine atom anisotropic
are compared with the observed structure factors in
Table 4.

Table 3. Temperature factors in molecular directions

B perpendicular

to the axis of

the molecule,
parallel

to the plane of

B perpendicular
to the axis of
the molecule,
perpendicular
to the plane of

B parallel
to the axis of

Atom the molecule the molecule the molecule
I 3-70 A2 4-94 A2 510 Az
C(1) 5:20 326 3-42
C(2) 4-56 4-50 5-04
C(3) 4-30 4-85 5:21
C(4) 3-88 4:22 4:18
C(5) 5-20 4-21 3-95
N 4-34 7-46 710

The possibility of isocyanide

Inspection of the three-dimensional Fourier map
calculated after the isotropic refinement indicated that
the compound might be the isonitrile rather than the
nitrile. The peak heights for the light atoms were:

Atom C(l) C@2) ©@B) CcH4) CB) N
e. A3 6-8 7-0 7-4 66 8-0 56

The method of preparation seemed to rule out
the possibility, but to be sure, we determined the
infrared spectrum of the sample. A sharp peak
attributable to the —CN stretch was present at
2230 cm-1. This is clear proof that this was the cyanide
and not the isocyanide since the typical frequencies
are —CN, 2220-2240; -NC, 2145 cm-! (Bellamy, 1958).

The least-squares refinement shows the cyanide
carbon atom (C(5)) to have a normal temperature
factor, but the nitrogen to have very large tem-
perature factors perpendicular to the axis of the
molecule, but normal along the axis. If the carbon
and nitrogen were incorrectly reversed one would
expect the carbon temperature factors to be small,
and the nitrogen temperature factors all to be large.
Therefore, the explanation for the low peak in the
Fourier map must lie in an abnormally large bending
of the CN group. This bending is surprising considering
the external N-I interaction that is found here, but

is probably real. Much of the detail of the anisotropic
thermal motion can be attributed to systematic
experimental errors, such as the uncorrected absorp-
tion, but the difference between the N and all the
other atoms would appear to be real.

To test further the possibility that the space group
might be Cc rather than C2/c, we carried out a least-
squares refinement in Cec starting with a structure
where all of the atoms on the twofold axis had been

; |6

Fig. 2. Packing of p-iodobenzonitrile molecules in the crystal.
Top view is down the b axis. Bottom view is perpendicular
to the C face, not along the ¢ axis. Only the two layers of
molecules in the complete cell in the top view are shown
in the bottom view. Short intermolecular distances are
indicated by dotted lines. The hydrogen positions are
assumed and not experimental.
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displaced randomly from the axis by an amount
equal to the standard deviation of the other light atom
positions. The iodine was kept fixed, with the an-
isotropic parameters from the earlier refinement,
and the light atoms were isotropic. After three cycles
of refinement R had not improved past the corre.
sponding value in C2/c, and the positions of the atoms
had shifted on the average by another standard
deviation, but in no systematic way, so that within

Table 4. Comparison of observed

Ke KL OLL FLege) FUCALC) hi XX LL FecRs) FICALC) KW XK LL F(CBS) F(CALC)
[ S 7 19,2 208 2 4 & 13,9 -13.6
T oA 5 4 13,9  10.8 =2 4 6 42,2 =37.8
0 2 2 5 9 8.1 7.3 2 4 7 24,8 2%
1z 3 70 34,2 3407 2 4 ' 14,0 1%.8
D¢ @ 71 112,88 -89.2 “2 4 9 9,9 e0.4
[P 7 1 104,2 9%, 2 410 g4 5,0
I 72 z8,0 -2%.2 2 6 0 53,9 %%
0z 7 72 33,0 372 2 6 1 85,1 -62.
02 @ 7 3 48,7 88.9 “2 6 1 92,1 <=82.4
0 4 ¢ 73 g a2 2 6 2 314 =36ud
B! 7 4 12,7 1%.0 2 o 2 62,2 =59.7
9 4 2 7 4 33,9 9.8 2 8 3 317 352
0 < 3 7 5 I0,1 =28.9 “2 &6 I e3,9 78,7
[ 7 05 43,3 =386 2 6 4 13,2 18,3
“ a5 7 6 9.7 246 "2 ¢ 4 42,85 45.4
0 4 6 76 16,7 -18.2 2 6 5 16,5 =138
¢ 47 707 13,6 1046 =2 & 5 1,3 ~83.4
[ ] 77 163 1507 g0 s1.2
n 6 2 7 0. ¢ 6 6 26,3 =25.%
LY 7 9 2 ¢ 7 27,2 27
0 o & v “2 & 38 1u.4 110
06 3 v 1 “2 6 9 12,6 ~10.8
0 6 4 9 1 2 610 6.8% 3.7
8 6 5 s z 2 8 0 7.8 8.2
0 ¢ o 9 2 2 &8 1 44,7 =59.n0
0 6 7 9 3 “2 8 1 K68 =66.9
0 & & 9 3 2 8 2
o & 0 9 « ~e 3 2
0 0w 1 9 e 2 a3
0 e 2 9 5 -2 & 3
0 & 3 [0 ] 2 3 e
0 8 4 9o ¢ -2 § 4
¢ 8 8 9 6 2 ¢ 5
T o & 9?7 -2 8 5
o & 7 9o 2 2 8 *

[N [} “2 4 6
01y 0 11 0 -2 8 7
010 1 11 .2 8 @
01c 2 1 =2 ¢ %
019 3 1 2 210 ¢
010 4 11 2 210 1
IRV 1 3 211
010 ¢ 1 3 ¢ 16 2
01y 7 11 ¢ e 1) 2
012 0 11« 213 3
012 1 11 5 -2 30 3
012 2 11 5 210 ¢
01 3 11 6 210 ¢
012 « 11 6 210 &
012 & 1 7 =21y 5
012 6 13 0 210 ¢
214 0 13 1 -2 1) ¢
014 1 13 1 .2 1) 7
014 2 13 2 i1 e
014 3 13 2 212 o
0 14 4 (] 13 3 212 )
0 1e 8 4.3 4,8 =113 3 -2 12 1
01t o 8.3 =749 113 « 212 2
0 18 1 5,9 L AL .1 1) ¢ .2 12 ¢
016 2 6,8 649 113 5 212 3
016 3 6.4 5.2 113 8 212 3

-1 1 3 8.0 11.4 “113 & ? 1z 4
101 ¢ w42 87.9 115 0 i 12 ¢

1 1 4 97,6 892 115 1 €128
1108 -1y 1 “21c B
1106 118 2 212 6

-1 01 & 118 2 =212 7
117 115 3 214 0

17 118 3 214 1

401 8 115 4 s21e

-1 10 “115 4 214 ¢
130 -2 0 2 -2 14 2
103 1 2 9 4 214 3
33 2 -2 0 ¢ -2 14 3
103 3 2 g ¢ “2 14 4

4 33 ¢ 214 )

103 e -2 0 8 -2 14 ¢

4 3 e -2 0 10 -2 14 7
138 -2 2 2 216 0

1 3 8 2 ¢ 3 216 1
13 6 2 2 4 -216 1

4 3 & 2 2 4 2 1t 2
103 7 2 2 5 =2 16 3

4 37 2 2 % -ty 2

-4 3 @ 2 2 6 =8 1 i

103 9 -2 x ¢ 3L
T 9 0 =2 27 R
1 05 1 2 2 8 31 H

-1 % 1 -2z 9 -3 1
18 2 -2 210 3 108

43 40 3
T 05 3 2 4 1 3 5

105 3 2 4 2 3 1 ;

1 5 4 -2 4 2 3 1 1‘

a1 5 4 2 43 HEE
15 S =z 4 3 3w

-1 8 8 2 4 4 g 3 ;

18 ¢ -? 4 4 3 H

1 5 & 2 4 8 $ 3

108 7 2 4 3 3 3 3

OF p-IODOBENZONITRILE

experimental error the molecule still lay on the
twofold axis in C2/c. The instructive feature of this
calculation was that the final positions were randomly
displaced from the C2/c positions by about twice
the calculated standard deviations on the average,
indicating clearly that the diagonal approximation
used in calculating the standard deviations gives too
optimistic results, in this case by about a factor of
two for the light atoms.

and calculated structure factors

WM KK LL F(eBY) FLCALC) Hk Xk LL F(288) FECALC) wH Kk LL FiC@s) FLCALO)
3 3 4 28,7 -4 2 3 4,4 749 =5 1 2 122.8 -109.8
-3 3 4 98,6 4 2 4 “5 1 3 85z,4 49,2
3 33 13.8 -4 2 4 *5 1 4 192,4 10%.7
-3 3 s -4 2 5 -5 1 8 30,2 =31.8
303 b -t 28 -5 1 & 74,2 =71.9
=3 3 ? -4 2 7 “5 1 7 10.6 119
3 3 8 -« 2 8 -5 1 8 43,2 36,2
-3 03 9 - 29 5 1 9 3.2% 1.8
=3 310 -4 210 5 110 13,6 =13.9
3 311 -4 211 «5 111 J.2# =9
3 3 0 -4 212 -5 112 8.3 4.0
3 5 1 4 & 0 =5 113 2,5% .8
-3 5 1 4 4 1 5 3 0 42.6 58.4
3 5 2 “4 4 1 5 31 24,1 -2%.2
-3 8 2 « 4 2 e 3 1 31,7 =39.3
3 5 3 -4 4 2 5 3 2 32.7 =314
-3 5 3 4 a3 -5 3 2 21,8 <80.8
3 5 4 -4 ¢ 3 5 3 3 11.7 12.5
=3 5 4 4 4 4 5 3 3 1.7 43.9
3 5 5 4 4 4 5 3 « 95.4 8044
*3 5 8 4 4 5 -5 3 5 4,9 =39.%
3 5 & LU Y =5 3 6 61,2 =37.3
“3 5 7 -“ & 7 =5 3 27 241 2%
=3 v b -“ 4 8 “5 3 8  4u.0  30.1
-3 5 9 4 4 9 5 3 9 11.¢ =12.3
-3 5 10 -4 410 =5 310 11,6 =12.0
=3 511 -4 411 5 311 8.0 4.7
3 7 v -4 42 =5 312 S.4x 3.8
3 7 4 6 0 =% 31 T.6% =1,.4
=5 7 1 4 6 1 5 5 0 28.1 39.7
3 7 2 -4 9 1 5 5 1 36,2 =37.6
-3 7 2 « ¢ 2 “5 35 1 54,9 =58.8%
3 7 3 -4 6 5 5 2 20.5 =23.1
-3 7 3 4 o 3 «5 5 2 42,1 <5340
307 e - 6 3 S 5 3 15,0 18.%
~3 7 4 4 6 ¢ =5 5 3 5.1 6745
37 8 =4 4 4 3 5 4 1.7 53.8
=3 7 5 -4 ¢ 5 -5 5 5 50,6 *56.2
-3 7 6 -4 4 ¢ =3 5 © 39,6 =431,0
-3 7 7 -4 6 7 =5 5 7 3.7 3447
=3 2 n -4 o 8 =5 5 8 25,9 24,0
3 ) 4§ 9 *5 8 9 16,1 ~16.8
3 710 4 & 1) =5 51¢ 10.9 =11.1
3 9 C =4 611 =5 5 11 7.6 61
3 31 4 8 5 7 0 32.3 3248
<3 5 1 4 & 1 5 2 1 27,1 =29.8
3 ¢ -4 ¢ 1 =5 7 1 45,4 ~4%,7
“3 5 2 4 ¢ 2 5 7 = 16.7  =18,4
T3 -4 ¢ 2 “5 7 2 4315 -43.4
-3 2 3 4 8 3 5 7 3 16.3 14,8
3 o9 4 w5 3 5 7 3 88,2 -83.4
-y 3 4 4 3 4 5 7 4 40,9 40.8
3 ¢ s 4 2 a 5 7 3 41,1 -46.5
=3 9 5 4 v 5 =5 2 ¢ 24,5 =27.4
“3 9 ¢ -4 5 & =5 7 7 ".? 3043
-3 9 2 -4 5 2 =5 7 8 13,9 13.7
- 9 & -4 g ¢ =5 7 9 16,5 =15.1
-3 9 9 -4 & S =5 7 10 3.1 5.2
311 0 -4 80 “5 711 4,0 5.8
LIRS UNSY k) 5 9 ¢ 4% 2.8
=311 1 1 5 s 1 1.3 =31.1
11 2 1 =% ¢ 1 51.3 =47,3
«3 i1 2 K3 3 9 2 4,5+ =1,7
31103 2 -5 9 2 3.4% 3.9
-3 1 3 3 5 9 3 15.8 13.3
3 e 3 “5 9 3 0.3 5340
=311 4 ‘. > 9 « 3.3% 4.3
31105 ‘. “5 5 8 39.9 =43.3
=311 ¢ 5 =5 9 & J.5% 3.7
-3 11 ¢ & =5 3 7 24,8 2640
=311 7 ? *5 9 @ 41r 2.4
-3 11 3 c “5 5 9 12.8 =11.7
313 0 s =5 9 ah Jule =143
I3 1 3 S11 0
*3 13 1 1 5111
313 2 1 51 1
-3 13 ¢ 2 511 2
313 3 2 511 2
=313 3 3 511 )
-3 13 & 3 -5 11 3
=3 13 5 . =5 11 4
=313 & ‘ -5 11 8
=3 13 7 5 =511 o
=313 8 . =511 7
31y 0 7 ~5 11 8
315 1 e =511 9
-3 15 1 5 =5 11 10
315 2 2 513 0
-3 1% 2 1 513 1
=315 3 1 =% 13 1
=3 15 4 2 -3 13 2
-3 1% ¢ < 513 3
-4 1 2 3" 3 “5 13 3
4 0 4 1%9,5 . -5 13 4
-4 3 & s -5 13 8
. | 8 6 5 13 &
“4 0 10 7 %13 ?
-4 312 3 “513 &
- i1 4,7 =114 2 5 1% 0
a4 2 2 166.4 -153.8 1 -5 1% 1
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Table 4 (cont.)

TROARLL Feres) FreaLcd *e %KLL FETpS) FLCALC) me 4R LL FEABE) FLCALEY Rh %R LL F(CBR) FLCALEY ne XKLL FeCEB) FLCALEY wn kK LL F(CR®) FUCALC)
=315 2 6.8 8.2 6 14 & Jax 6.6 “8 0 10 33,8 =34.3 9 3 7 24,3 220 °10 8 2 6,3% 2.7 “12 4 B 14,3 140
=318 3 6,4 6.0 701 U 4G.6 40,4 -8 012 13,8 -9 3 8 10 8 3 19,7 1641 etz 4 9 13.4 -1R0
=5 35 &« 3,2 8.3 *7 11 10,4 =128 8 2 u 0.8 9 39 =10 6 =12 410 9.9 =10
=315 5 Jiv 8.2 =7 1 2 92,8 -62.4 8 2 1 1047 -9 310 =10 8 5 °12 4
=6 A 2 116,3 ~104.4 =7 1 3 40,5 113 -8 2 ? 45,4 “9 311 =30 ¢ ¢ =12 4
“6 03 4 133,6 124.3 =7 1 4 A3,7 1.4 -8 2 3 15,0 -9 3 12 10 8 7 .12 4
*6 0 6 121,5 -104.1 -7 1 5 3.7 4,1 -8 2 4 47.7 -9 313 .10 8 8 e12 6
-6 g € 85,6 64,0 7 1 6 £3.4  <B0,0 - 2 5 18,6 =20.3 -9 3 14 10 & 9 .12 6
¢ 0 10 30,6 <=30.9 “7 1 7 ,0% e14f “8 2 6 55,9 <=50.6 -9 5 1 10 810 12 6
=6 012 12,4 11.9 “7 1 & 37.5 RLTSY -8 2 7 16.2 16.8 -9 5 2 «10 & 11 12 6
b 2 U 4n,2 698 =7 10y .64 302 -8 2 & 35,2 3407 -9 5 3 1y @ 12 12 6
=6 2 1 .6 -11.8 -7 110 17,6 =16.8 -8 2 9 9.8 9.8 -9 3 4 20 13 3 .22 ¢
-6 2 2 8,3 =95.1 -7 111 1.7 2.2 -8 2 -9 5 5 «10 10 4 12 6
=6 ¢ 3 13,4 1A% -7 312 -8 2 -9 5 6 =10 10 % =12 &
“6 2 & 118,4 93.0 -7 113 - 2 -9 8 7 10 10 & 12 o
-5 2 5 16,1 =18,7 708 % DY ) -9 % 8 10 14 7 =12 ¢
-6 2 ¢ 81,7 =71.0 7 03 1 8 4 % 5 9 «10 10 8 =12 &
=6 2 7 12,4 15.1 -7 3 1 -8 4 -9 85 10 10 10 9 12 6
<6 2 n 9.8 382 -7 3 2 -3 4 -9 511 «10 ¥ 31U .12 8
-, 2 9 7,9 <8.6 -7 3 3 -8 4 9 8 12 10 12 4 3.7 F =28 -12 8
-5 210 10,2 =1%9.9 -7 5 4 x4 -9 5 13 10 12 S 3,3 % =8.4 .12 @
-t 211 .8 3.6 -7 3 ¢ -8 4 -9 7 1 *10 12 o 4.3+~ 3.0 ~12 8
-6 212 6,3 5.2 -7 35 8 -8 4 -9 7 2 .10 12 7 4,7~ 8.0 .12 3
6 4 ¢ 7.5 38,4 -7 3 7 ~h 4 -9 7 3 e10 12 ¥ 8.0+ =2.4 12 1y
6 4 «7 3 R -8 4 -9 7 4 11 1 3 5,1 %  =el =12 10
<6 4 -7 3¢ -8 4 -9 7 8 “11 3 4 4.3 -12 10
o4 -7 310 6 4 -9 7 6 “11 1 S 2.6 .13 1
<6 4 «7 311 -8 4 - 7 7 =11 1 »® “13 1
ch 4 =7 312 -5 4 “9 7 8 “11 1 7 13 1
-6 4 7 313 8 4 -9 79 “11 1 8 13 1
-6 a 7 0% 2 8 & -9 740 1 1 9 «13 1
-0 e 7 05 3 LI Y -9 711 -11 110 =13 1
-6 4 -7 3 1 LTINS -9 712 11 111 13 1
-6 4 -7 s & -8 6 9 § 1 .11 112 -13 1
-6 4 -7 5 3 -h 6 -9 9 2 -11 113 .13 1
-+ 4 -7 5 4 -t 8 -9 9 3 11 1 14 =313 3
-6 e -7 5 8 -y 6 -9 9 4 w1 3 3 -13 3
-6 4 “7 5 & -8 8 =9 9 5 “11 3 4 ~13 3
[ -7 8 7 LY -9 9 6 -11 3 S 13 3
[ -7 5 & -8 & 5 9 7 -11 3 4 -13 3
-5 6 -7 8 ¢ -8 8 1r o e7es -9 9 8 11 3 7 13 3
(I 7 514 -2 6 11 N 549 -9 9 9 -11 3 8 13 3
-t & -7 % 11 -8 & 32 240 %2 -9 § 10 -311 3 9 13 3
-6 ¢ -7 5 12 “3 613 A =247 -9 & 11 .11 310 -13 3
-t & T 7 0 e 8 U .8 o -9 11 2 .11 311 13 5
-6 & 7 7 1 -8 8 1 21,5 ~=13.9 “911 3 -11 3 1¢ ~13 5
-t -7 7 1 6 & ¢ 2.8% «3.2 -3 11 4 «11 313 -13 5
-6 © 7 7 2 -5 8 3 27,0 8.9 -9 11 5 =11 3 14 13 S
-6 o -7 7 3 -8 o ¢ 3,34 640 1 6 11 5 3 13 >
-6 o -7 7 « -t 4 ° 15,0 =3246 11?7 =11 5 4 -3 5
-t 8 -7 7 5 - 8 8.2 =he8 1 e 11 5 5 13 8
-6 6 -7 7 ¢ -6 8 7 Z8.0 26.9 11 9 e11 5 & -3 %
-6 6 -7 7 7 -~ 8 8 .6 4.6 13 4 .11 5 7 13 7
A 8 0 “7 7 *® -" 8 12.5 =16.3 13 % °11 5 8 -13 7
6 8 1 -7 7 9 - 8 10 4,54 =1.9 15 s -11 5 9 -13 7
-6 8 1 -7 710 - 811 5.9 7.3 13 ? .11 %10 -3 7
6 3 2 -7 7 11 e 10 0 6,87 =242 ¢z -1 % 11 13 7
-6 8 2 -7 712 -813 1 18,3 ~-1%5.6 [ -11 5 1% 13 7
-5 @8 3 7 9 -3 1; 2 4,1 4.3 v 6 -11 5 13 -13 7
-6 8 4 7 9 1 “E 10 3 22,8 22,3 [C] -1 7 3 .13 9
-6 5 5 “7 9 1 -8 1y < 6,8 “6.2 [ =11 7 4 =13 ¢
6 8 6 -7 9 2 -6 1y 5 25,8 =24,1 ¢ 12 11 7 5 16 0
- 8 7 -7 9 3 -3 10 6 4,3 c 2 11 7 .id y
-t 8 b -7 9 4 -€ 10 7 7.8 23 “11 7 7 14 2
-t 8 9 -7 vy 5 -F 10 & .8 « & 11 7 A 14 2
-6 8 10 -7 9 & -8 10 ¢ 9.7 c 5 11 7 v w34 2
11 -7 9 7 -8 10 1) 4,8 z ¢ 11 7 14 2
[ 3.0% =149 “7 9 & R 10 11 ¢.2 2 7 ~11 7 11 .14 2
1 17,7 <17.4 <7 9 9 -8 1z 1 . e 3 11 7 12 -14 2
1 30,5 =2842 =7 910 8 12 « N 2 9 .11 9 4 .14 2
2 6.5*% 140 =7 911 -8 1z 3 o0 2 .11 9 5 14 4
Fl .42 3.9 711 0 -8 12 4 o1 2 -11 § 6 .14 4
3 38,9 3447 711 1 -8 12 % .8 2 -1 9 7 .24 4
a 1,9% =5.0 711 1 812 6 2 11 9 8 .14 4
5 29,2 =31.9 -7 11 2 -812 7 . 11 9 9 .14 4
s 2,67 5.4 -711 3 -3 12 & . =11 9 10 eld 4
7 17,4 224 “711 “8 14 3 4 e11 9 131 “14 4
[] 4,45 =4,3 “711 % - 14 5 4 3111 5 14 6
$ 14,1 =11.7 -7 11 & -9 1 1 4 11 11 & 14 o
10 4 3% 2,5 711 7 -9 1 2z 4 =11 33 7 .14 &
11 J. 4% 4,8 -7 11 A -9 3 3 “ .11 11 @& 14 B
0 3,44 440 711 ¢ 1 4 4 e11 11 9 .14 6
1 7.0 8,8 =7 11 10 % 31 % 4 12 0 8 .14 §
1 15,8 14,3 71 1 -9 1 & 4 12 0 12 14 8
2 3,84 5.8 718 1 -9 1 7 4 12 014 15 1
3 17,2 17.7 713 2 9 31 b 4 w12 2 4 -8 1
4 4,4% ob,4 713 3 -9 1 9 L] “12 2 5 =15 1
L] 15,6 =16.6 -7 13 4 «9 110 (] 12 2 & -1% 1
[ 2.6% 5.2 713 8 -9 111 6 2 2 7 2 -15 3
? 4,2% 11.8 =713 ¢ 9 11 e -12 2 8 7 .15 3
[ 4,8 % =341 713 7 -9 113 ¢ .12 2 9 . ~15
9 8.0 =bed -7 1% 2 .9 1 34 ¢ =12 211 40" =15 3
[] .9 5,7 -7 18 4 =9 3 1 15,1 -12.8 3 .12 2 12 9.2 1042 -5 3
1 4,2 7.9 e 0 0 9 3 2 30,6 =2843 ] «12 213 A, 4% o4b -5 5
H 6,0 7.8 -8 0 2 69,9 -9 3 3 19,9 20.9 6 12 4 4 13,3 112 .5 5
3 8.5 9el -8 0 4 95.8 -9 3 ¢ 35,3 39.7 ° “12 ¢ 3 15,7 *12.6 -15 5
4 6,2 =8.2 -8 0 & “93.8 “9 3 5 24,5 <2%.1 & =12 4 6 12,8 14,4 .15 7
L] 4,4 % 7.8 “3 0 8 5.8 A 3 b 46,6 4",k “10 & 12 4 7 13,8 14.% .06 2
.16 4
@ indicates unobserved rerlection. Value given correspinds to one half minimum observable intensity. l
. . may be wrong by, at most, 0-1-0-2 A. The external
Discussion

bond, therefore, is weaker in p-iodobenzonitrile than
The packing of the molecules in the crystal is shown in iodine cyanide.

in Fig. 2. The external N-I distance is 3-18 A. This is Of the distances in the molecule only the C(4)-C(5)
appreciably shorter than the van der Waals distance and C-N distances may be different from the expected
of 3-65 A, but is not so short as the distance in ICN  value. For a C-C single bond between sp? and sp
(Ketelaar & Zwartsenberg, 1939; Townes & Dailey, hybridized atoms one would expect 1-42 A (Bent, 1962)
1952) of 2-80 A. This latter distance was obtained compared with the 1:37 we find, and for the C-N
by subtracting the sum of the gas phase I-C and C-N  one would expect 116 compared with the 1-20 we find.
distances from the I-T distance in the crystal and Both of these differences are slightly larger than



424

twice the estimated standard deviations, but, as
discussed above, the diagonal approximation used to
estimate the standard deviation in the positional
parameter gives optimistic estimates. If one ignores
the normal I-C distance and takes the shortest C-C
distance in the ring as significantly shorter, then all
of the distances between light atoms suggest that the
resonance forms

C—C C=C
/7N ® / \ )
I—C¢ ;C—C=N and I=C C=C=N
\yd/ \o_d/

are both important. The second form could contribute
to the intermolecular interaction.

It is not apparent why the external bond in ICN
should be so much stronger than in this molecule.
Except for the N-I there are no unusually short
distances between the molecules. In particular the
hydrogen atoms on one chain of molecules do not
appear to be interfering with the formation of N-I
bonds on the next chain. One possibility for the
decrease in strength is that the ¢ bonds in ICN are
affected, that the external interaction involves a d
orbital which then contributes to the I-C ¢ bond and
causes some rehybridization of the C and N ¢ orbitals,
and that all this rehybridization is necessary for the
formation of the external bond. This would not be
possible with the benzene ring in between, and the
bond would be weakened.
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The Crystal Structure of Silver Cyanate

By Doyre BritTon* AND J. D. DuniTZ
Organic Chemustry Laboratory, Swiss Federal Institute of Technology, Ziirick, Switzerland

(Received 16 April 1964)

Silver cyanate is monoclinic, @ =5-473, b =6-372, ¢ =3-416 A, $=91°0’, Z=2, space group P2,/m.
The structure has been determined, and refined by full-matrix least-squares analysis of three-
dimensional counter data. The silver atoms occupy positions 2(a) (0, 0, 0, etc.), the other atoms
positions 2(e) (x, i, 2, etc.) with n =0:-786, 25y =0-221; 2c=0579, 2¢=0326; 20 =0:377, 20 =0-441.
Each silver atom has two linearly coordinated nitrogen atoms at 2:115 A; distances within the
linear cyanate group are, N-C =1-195 +0-011, C-O =1-180 +0-011 A,

Introduction

Silver cyanate and silver fulminate provided the first
example of isomerism (Liebig & Gay-Lussac, 1824).

* Present address: Department of Chemistry, University
of Minnesota, Minneapolis 14, Minnesota.

T A reinvestigation of potassium cyanate in this laboratory
confirms that the crystals are tetragonal, a =6-096, ¢ = 7-056 A,
space group I4/mcm, in agreement with the early work of
Hendricks & Pauling (1925).

In spite of the simplicity of these compounds, the
crystal structure of neither appears to have been
established. As the first part of an investigation of
the structural relationships between these compounds
in the solid state, we describe here the crystal struc-
ture of silver cyanate. The structures of two poly-
morphic forms of silver fulminate will be reported
later.

Two determinations of unit-cell dimensions and



