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Refinement of the Crystal Structure of Rubidium

Cyanodinitromethanide
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The crystals are orthorhombic, space group P2,2,2,, with cell
dimensions a=7.56, A, b=14.96, A, and ¢=5.09, A. 1129 X-ray
reflections recorded on an automatic four-circle diffractometer were
used in the full-matrix least squares refinement (R, =4.8%,, R=6.39,).
The anion is not propeller shaped, the nitro groups being twisted
3° and 6° in opposite directions from & planar conformation.

Several crystal structure determinations and other studies of 1,1-dinitro
compounds and dinitrocarbanions have been carried out; ¢f. Ref. 1 and
references therein. Various physical and chemical properties of the RC(NO,),~
anions are sensitive to the steric requirements of R as discussed by Kaplan 2
for the substituents NO, and CN. The increased acidity of cyanodinitromethane
relative to trinitromethane must be due to differences in anion stability. The
substitution of the linear cyano group for a nitro group permits the cyanodi-
nitromethanide ion to have an essentially planar conformation, whereas the
trinitromethanide anion is non-planar.

X-Ray diffraction studies of the rubidium and the potassium salts of
cyanodinitromethane were undertaken in this laboratory, using two- and
three-dimensional photographic data, respectively. The potassium salt was
independently investigated by Dr. James R. Holden, but as we had progressed
further with the collection of data he discontinued his work on this compound.
After the crystal structures had been determined, a diffractometer became
available, and further refinement, using three-dimensional diffractometer
data, was carried out. The structures had been determined when papers by
Grigor’eva et al. on the same subject appeared.®~® The accuracy of their
determinations was rather low, however, and a meaningful discussion of
relevant structural data was scarcely possible. In the present paper our
results from the refinement of the crystal structure of rubidium cyanodi-
nitromethanide is reported. The numbering of atoms is similar to that
of Grigor’eva et al. However, the atomic parameters, efc., are different due
to another choice of axes and origin.

* To whom correspondence should be addressed.
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EXPERIMENTAL

Rubidium cyanodinitromethanide was obtained in a metathetic reaction between
the corresponding potassium salt and rubidium chloride in aqueous solution. To avoid
potassium contamination the salt was repeatedly dissolved and precipitated from water
by addition of rubidium chloride. The batch from which the crystal used in the X-ray
experiments was taken was analyzed for potassium by means of flame photometry.
The resulting potassium content of 0.84 9, corresponds to a maximum atomic fraction
(K/Rb) of 4.8 9 in the crystal (if contaminated).

Rubidium cyanodinitromethanide crystallizes (from water) as slightly yellow plates
or diamond shaped prisms in the orthorhombic space group P2,2,2,. The cell dimensions
and estimated standard deviations were determined on a manual four-circle diffractom-
eter using CuK radiation. All diffractometer setting angles were optimized in the least
squares refinement.

About 1700 reflections with 20 <75° were registered on an automatic four-circle
diffractometer using MoK« radiation (0.002”” Nb filter) and /20 scan technique. A crystal
of length 0.32 mm mounted with b* along the ¢ axis of the diffractometer was used for
the data collection. The (101) and (101) planes were well developed and the cross section
was a parallelogram with diagonals of 0.36 and 0.23 mm. The effects of secondary extinc-
tion were greatly reduced by repeatedly dipping the crystal in liquid nitrogen. The
intensities of several strong reflections were more than doubled after such a treatment.
The intensities of the standard reflections showed an increase of about 2.5 9%, during
the first 500 measurements, the reason probably being a reduction in crystal perfection.
During the last part of the data collection two of the standard reflections were quite
stable whereas the intensity of the third one was reduced by 13 9,. 1195 reflections were
regarded as observed having intensities greater than twice their estimated standard
deviations from counting statistics. A 2 9, uncertainty in scaling and diffractometer
stability was included in the standard deviations. The data set obtained by using the
standard reflections for scaling did not lead to significant differences in the atomic
parameters compared with those from the non-scaled data set. The unscaled data set
wag eventually used.

The data were corrected for absorption. The linear absorption coefficient x is 9.03 mm™1
and the transmission factor varied between 0.13 and 0.29.

Computer programs used are described in Ref. 6.

The atomic form factors of Cromer and Waber ? were applied. For the anomalous
scattering factor for rubidium the values 4f'= —0.8 and 4f”=3.0 were obtained by
extrapolation from the values calculated by Cromer and Liberman ® for Cu, Zn, Ge,
Br, and Kr.

CRYSTAL DATA

Rubidium cyanodinitromethanide, RbC,N;0,, F.W. 215.5. Slightly yellow
plates or diamond shaped prisms, orthorhombic. a="7.560(3), b=14.967(5),
c=5.098(2) A, V=2576.8 AS. F(000)=404; Z=4; g, =246 g cm™3,
Ocare=2.481 g cm™3%; 4=9.03 mm™1. Space group P2,2,2,.

STRUCTURE REFINEMENT

The atomic parameters determined earlier from two-dimensional film
data by the heavy atom method were used as starting parameters in the full-
matrix least squares refinements. The R value of 9 9, using isotropic tem-
perature factors was lowered to 6 9, when anisotropic temperature factor
for rubidium was included. Anomalous scattering factor by rubidium was
taken into account with the sign of Af'’ determined by calculations based
on 400 reflections. Anisotropic thermal parameters for all atoms were then
introduced. By inspection of the strong reflections, the secondary extinction
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Table 1. Observed and calculated structure factors. (The five columns list values of &, k, I,
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Table 1. Continued

OO C OO COODRORBBBRN EO AABBB NN ~d VAN VYNV AN VNP O OO POCOOGCCETOANNAANNAANNVANVBARNNNSSSPP00000 T

oo
GNP UNF O IR W N ECO"NP NI WURN AN~ OB > ~O

PHBNRNANNA NN RN NANRNANRANRRNANRNNNARUARARANNANRNRNAN BN RN RARNARNNANNNNRRANANGRNNAN NN RN ANRORANA NN RN RNRD NSNS N RN ON NS -

RUBIDIUM CYANODINITROMETHANIDE

Fe

356
243
178
106
247

GARAARAN AR VNS S22 200 00000 P22 PP FLLUWUWUVLWWWLWWUWWWLRANRRNRNNRNNRNRNRNNRNRRNR NN NN S e e i i i i e be e e 0 e e OO OO G000 0000 0000

10

co@~NCUIWN~O

-

O e L e e e ] L L e e el 0 L e e e 0 ) e D e L 0 ) e ) L e L L G L L L G L L e W W G e L e W W W e

C O OO OC OO CE OO PR PR BBEBRABABANII NI NN NN NI NN NG OO OSSO G GO CPCOPPOIPUNAARAN T

e e e e e e 4 B O O GO OO COCO N =

1n

-
cCoeNDRIUN~GS

-

- e o
GBI UN~O ~B PN P—CUN~OBNONIUN =P W~O ONCANWN~A S

-
N0 6 ~NOWuS wN-

s 0P P PP s s s s PP P PP s bl s WL WL WU LU LW W WL WL WL WY LE LY LU W6 LWL DLW VU LU LLLPLLY UL LY LU LPLD LY RE LR VL LU P ULLL VL VLD L LY LE W —

BB AN AN NA NN NNCC OGO OCCOE OGP G AANAVANANA NN RANS I P22 222020 PP FUUUUWUUWNWWUUUWWWUNNRNNUNRN NN RN RN DR R e e e >

8
8
)
8
8
L ]
L]
°

oNCcMIWN~O

- o o o
CBANS WUN =0 4N S WO OB ~O N WA~

NeoROBNNS WN

o»oooooooa..voo.oo».ooo..oobbaob»obob.ooooooo.o.»oo.-po.u’baoobbo»oo.b’ooobaboo.....oo.oooooboo&ov%oa.'.o -

e
~co0o00v00evse T

'.ammnmmmmumumwooA..bbbo»oo;&»0»ouuuuuuuuuuuuuuunnnnnmn~nu-~n———-———-—.u-—uuue.oooeooooeoooo

“ENnw X

-
O CNOAIWUN-=NBIWO W~

—

-
~OPWUmOANO AP UN~O

umumuumuuuuuuuumnumumummummmu«amumuummmuuumuuuumumuuuuuumuuuumuummumuuuunumauu«uuuuumumuuuunmboooooouo...

1877



1878 BIJORNSTAD AND KLEWE

Table 1. Continued.

h ok Fo Fc h k| Fo Fec h &k 1 Fo Fc h k| Fo Fc h k| fo Fe
6 3§ 93 &7 10 2 5 69  Sé 3 4 6 108 118 T 5 6 79 99 3 s 1 66 15
6 4 5 181 183 10 3 S 83 S0 3 5 6 144 154 T 7T 6 86 6 3 87 15 9
6 5 S 124 118 10 & 8 63 63 3 6 6 69 54 T 9 6 84 91 3 97 72 55
6 6 8 80 78 10 6 5 65 32 37T 6 148 162 7 11 6 77 7 312 7 79 70
6 15 S4 61 o 1 & 200 199 3 8 6 11sa 118 e 1 ¢ 76 63 4 2 1 a8 19
6 8 5 162 183 0o 3 6 177 180 3 9 6 110 114 8 s ¢ 90 85 4 37 70 72
6 9 S 89 81 e 5 6 222 232 3 11 6 84 108 8 6 ¢ 82 54 4 5 7 58 14
6 10 8 76 12 o 7T 6 80 65 312 6 s8 63 9 0 6 76 82 4 6 7 T 9
6 12 5 115 112 0 9 6 116 132 315 6 6l 66 9 2 6 62 24 4 1 7 70 35
6 13 8 9 62 o 10 6 63 59 “ 06 62 57 y 4 6 9% 7 s 0 7 6 6
6 14 5 58 40 o 11 6 85 95 4 1 6 174 199 o 17 70 8l s 27 70 68
6 15 8§ T2 36 0 15 6 85 93 4 2 6 77 134 0 2 1 143 152 5 6 7 98 72
6 16 8 81 i T 0 6 187 191 4 3 6 107 125 o 5 7 69 49 § 97 75 55
1 [ ] 137 146 1 1 6 145 154 4 4 6 59 36 o 6 7 151 144 6 27 60 44
7T 18 129 22 1 2 6 100 97 4 5 6 9 103 o 1o 7 1ls j27 6 4 1 6l 35
T 3 s 98 95 1 3 6 9% 92 & 7 6 8z 87 0 14 7 15 90 6 5 7 60 57
1T & 8 9 98 1 4 6 199 199 4 9 & 71 79 1 07 T0 66 6 1 17 65 59
7 55 8 63 105 6 133 1y 4 10 6 81 s 1 17 8 102 7 0 7 6l 77
T 1T s 107 96 1 6 6 82 68 4 11 6 59 63 1 37 75 T T4 7 7 66
7T & s 91 75 1 7 6 64 58 413 8 66 69 1 47 n 7 6o o 8 100 110
T 9 5 60 (1] 1 8 6 175 180 s 0 6 172 178 1 57 98 93 0o 4 8 79 180
T 12 5 69 68 19 6 107 197 S 1 6 56 43 1 7 1 8 85 ¢ 7T 8 65 ]
7 15 5 62 2 1 1 6 o1 12 s 31 6 97 84 19 7 70 87 o 8 8 17 es
8 1 5 127 13 1 12 6 103 118 5 4 6 115 193 1 1o 7 89 90 o 9 8 63 1
8 25 59 56 1 15 6 72 L&) s 1 6 99 94 1 1s 7 66 7 1 o 8 T2 (Y]
s 3 S 121 121 1 16 6 61 58 S 8 6 137 143 2 0 71 106 99 1 18 79 62
8 4 S 73 62 2 1 6 96 98 5 11 6 61 42 2 1.1 107 112 1 3 8 n 63
e % %5 113 110 2 2 6 233 260 s 12 6 a1 90 2 37 119 113 2 1 8 62 79
8 6 5 9 6e 2 3 6 S5 2% S 13 6 68 4l 2 s 7 92 100 2 38 15 78
s 1 s 66 91 2 4 6 62 5§ 6 1 6 S5 s 2 1 7 63 84 2 5 8 70 68
8 9 8 6 S0 2 6 6 198 219 6 2 6 136 140 2 8 71 s7 29 2 6 8 62 K]
s 11 8 60 35 2 10 6 120 134 6 5 6 80 86 2 9 1 65 62 2 1 8 65 n
9 2 5 75 78 2 16 6 82 1ol 6 6 6 108 103 2 16 1 66 10 3 108 17 .6
9 6 5 106 94 2 16 6 60 18 6 10 6 60 74 3 0 71 101 119 3 208 60 60
9 9 8§ 13 35 3 0 6 103 103 T 1 6 103 103 3 1 7 ss &% 4 o ¢ 82 100
9 10 S 81 79 3 1 6 109 lo8 T o2 6 n 51 3 37 a7 % L] 8¢ 83
10 o 5 6 83 3 3 6 107 102 T 3 6 1A o 3 4 7 106 114 4 5 8 L4 38

Table 2. Fractional atomic coordinates (x 10°) and thermal parameters ( x 10° for Rb*
and x 10* for other atoms) with estimated standard deviations. The temperature factor
is given by exp — (B,1h?+ Byok? + Byyl? + B ohk + B3kl + Bygkl). For numbering of atoms,

see Fig. 1.

Atom x Yy Z B, B, B, B, B, B,
Rbt 36183 12463 88042 1037 370 2514 14 218 284
6 4 12 8 3 22 8 31 17
011 22896 43127 16168 111 42 265 7 -85 59
51 28 92 7 2 21 6 21 12
012 49647 47815 21442 145 37 251 - 30 21 30
59 28 93 8 2 19 7 22 11
021 66032 41476 62849 109 49 370 —-29 — 55 36
49 32 117 7 2 21 6 27 14
022 51122 31658 84999 184 39 182 1 -85 81
58 28 86 8 2 17 7 24 12
N1 36978 43251 28394 106 24 186 0 —33 -9
56 29 95 8 2 17 7 22 10
N2 51972 37109 66848 107 29 266 5 -30 6
58 31 99 7 2 22 8 21 16
N3 9371 29811 64500 153 44 333 —48 1 - 2
63 36 142 9 3 26 8 32 16
Co 37653 37965 50799 86 24 196 - 6 —-20 —23
59 38 112 7 2 18 9 22 14
C3 22036 33401 58256 121 29 208 - 8 —46 - 8
74 39 128 9 2 28 8 29 14
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Table 3. The root mean square amplitudes of vibration (u?)} (A) and B-values (A2) along
the principal axes given by the components of a unit vector in fractional coordinates

(x 10%).

Atom (u?)¥ B e, e, e,
211 3.53 12 60 86
Rb* 179 2.52 85 —26 129
.169 2.25 100 15 —-120
234 4.31 - 17 56 105
011 196 3.03 102 28 — 92
148 1.72 82 —24 137
.226 4.04 — 87 49 32
012 .196 3.04 82 28 130
.166 2.18 56 36 -~ 143
252 5.00 - 39 55 97
021 211 3.52 2 35 - 167
.168 2.24 126 16 33
.240 4.56 —102 32 81
022 224 3.96 81 50 50
119 1.13 25 —30 171
179 2.53 119 9 — 81
N1 167 2.20 33 —63 47
.150 1.78 47 21 172
191 2.89 - 58 7 175
N2 183 2.65 55 61 19
.169 2.26 106 -~ 27 86
.247 4.81 84 —-51 4
N3 .209 3.46 - 4 0 196
.182 2.61 102 42 4
176 2.45 2 —-51 128
Co .162 2.08 —~114 22 78
142 1.60 68 38 127
194 2.97 —-117 22 65
C3 .182 2.62 25 60 — 178
157 1.94 57 19 168

Table 4. Bond distances and angles of the anion. Distances in parentheses are corrected
for libration.

Bond distances (A) Bond angles (°)
N1-011 1.234 (1.238) C0O—-N1-011 116.0
N1-012 1.229 (1.233) C0-N1-012 121.6
N2-021 1.264 (1.268) 011 -N1-012 122.4
N2 -022 1.235 (1.239) C0—-N2-021 121.5
CO-N1 1.390 (1.396) C0-N2-022 118.1
C0O—-N2 1.363 (1.370) 021 -N2-022 120.4
C0-C3 1.416 (1.422) N1-C0—-N2 125.2
C3-N3 1.143 (1.146) N1-C0-C3 117.7

N2-C0-C3 117.1
C0—-C3~N3 179.1

Acta Chem. Scand. 26 (1972) No. 5



1880 BJORNSTAD AND KLEWE

Fig. 1. Bond distances (a) and bond angles (b) (uncorrected values) of the anion.

Fig. 2. Schematic drawing of the structure viewed along c¢. Equivalent position numbers
of Table 5 are indicated.

effects were found to be dependent on the time of registration, and 66 reflec-
tions having F_ > 50 were excluded from the refinement. The final B and
R values for 1129 intensities were 4.8 9, and 6.3 9,. The weight analysis in-
dicates that a higher estimate of the fluctuation in the measurements might
be appropriate. No improvement was obtained by omitting more reflections
of high intensities or small sin 0 values.

Observed and calculated structure factors are listed in Table 1 and final

atomic parameters in Table 2. The eigenvalues of the atomic vibration tensors

Acta Chem. Scand. 26 (1972) No. 5
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are given in Table 3. The r.m.s. discrepancy between ‘“‘observed’” atomic
vibration tensor components and those calculated for a rigid-body model is
0.0030 A2 for the anion. This may indicate a fairly rigid anion although the
thermal parameters in particular may be influenced by systematic errors.
The corrected as well as the uncorrected bond distances and bond angles
are presented in Table 4. The latter values may also be found in Fig. 1. The
estimated standard deviations calculated from the correlation matrix of the
last least squares refinement cycle are 0.006 A and 0.007 A for N—O bonds
and other bonds, respectively, and 0.7° or 0.5° or less for angles of 180° and 120°.
The coordination of the cation is shown in Fig. 2, and the corresponding
distances are given in Table 5.

Table 5. Coordination distances of the rubidium ion.

Atom Equiv. pos. No. (A)
Ol1 3+, 3-yl-z2 1 2.91
012 l—o,—}{+y,3/2—2 2 3.20
012 —3+x, -y, 1-2z 3 3.20
021 2 3.15
021 3 3.07
021 -3+, 31—y, 2-2 4 2.99
022 4 3.11
022 ©, Y, 2 5 3.09
N3 {+x, 3y, 2-2 6 3.20
DISCUSSION

The anion is essentially planar with the nitro groups slightly twisted out
of the plane. The twists have opposite directions, however, and the anion
is thus not propeller shaped. This is contrary to what is observed for the same
anion in the crystal structure of the potassium salt,’? but similar to that
observed for the anions of rubidium dinitromethanide® and potassium
p-chlorophenyldinitromethanide.l

The central carbon atom (C0) is coplanar with its neighbours, the devia-
tion from the plane through N1, N2, and C3 being 0.019 A. N3 deviates 0.035 A
in opposite direction to CO from this plane. 012 and 021 are 0.065 and 0.092 A
above the least squares plane through CO0, N1, N2, and C3. Oll and 022
are 0.030 and 0.117 A below the same plane. The twist angles of 011,N1,012
and O021,N2,022 are 2.7 and 5.5° respectively. The symmetry of the anion
is close to C,.

The bond distances and angles of the anion are normal (see Table 6 in
Ref. 1) contrary to the unsymmetrical arrangement discussed by Grigor’eva
et al.3 Their comments on the N1 —C0 —N2 angle is also incorrect. The value
of this angle (125.2°) is significantly larger than 120° as being predicted by
Kemlet et al.l2 The C~C bond length (1.416 A) is not significantly shorter
than aAnormal sp?—sp C—C single bond (1.43 A). The 012---021 contact
is 2.62 A.

Acta Chem. Scand. 26 (1972) No, 5



1882 BJORNSTAD AND KLEWE

The conformation of the anion is determined by crystal forces. The cation
is coordinated to eight oxygen atoms and one cyano nitrogen atom of six
different anions in an irregular arrangement (Table 5 and Fig. 2). The C3
—N3-.-Rb* angle is 120° and the coordination distance of 3.20 A is quite rea-
sonable.?® The shortest intra-molecular distances are C0---N3 (3.22 A)
and N2---N3 (3.05 A) between anions related by a screw axis along a, C0---011
(3.04 A) and N1---0O11 (2.90 A) between anions related by a screw axis along
¢, and N1---022 (3.00 A) between translational equivalent anions (along c).

Finally, the discrepancy in cell dimensions between the earlier findings3
and those of the present investigation must be mentioned; the values for the
b axis being 15.18 and 14.97 A, respectively. Testing for contamination of
potassium in the crystal, if any, by refinement of the occupation factor of
rubidium in the least squares refinement must be regarded with caution
because of the coupling with the overall scale factor and has therefore not
been carried out. A Guinier diagram from another batch of crystals, not
analyzed for potassium, gave within limits of errors indentical values to those
obtained from diffractometer measurements.
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