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Summary

The structure of triphenylarsine, C,3H,5As, has been elucidated by an X-ray
structure analysis. Crystals are triclinic, a 15.275 A, b 11.193 A, ¢ 17.866 A, a 80.12°,
B 95.48°, v 93.65°, space group P1, Z = 8. The refinement converges at R = 0.032.
The average value of As—C bond distances is 1.957 A, the average value of the
valence angle CAsC is 100.1°. The four symmetrically independent molecules in the
crystal structure are connected in pairs by the elements of supersymmetry.

Introduction

During the course of a systematic investigation of the structures of the Group V
(N, P, As, Sb, Bi) triaryl derivatives and their physico-chemical properties we have
performed the full X-ray structure analysis of the arsine series precursor, AsPh,
(TFAS). As it has been shown earlier [1] the p-substituted triphenylarsine derivatives
are not influenced by the value of the valence angle CAsC; on the contrary, the
presence of bulky methyl groups in the positions 2 and 6 of the phenyl rings leads to
an increase of this angle by ~ 7° [2]. The analogous situation has been observed in
the series of triarylphosphines [3,4,5], triarylstibines [6,7] and triarylbismuthines
[8,9,10].

X-ray data collection, structure determination and refinement

Unit cell parameters and the space group of TFAS have already been determined
[11] in 1952; however, the crystal structure has not been solved. Single crystals of

(Continued on p. 132)
* For part VII see ref. 5
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TABLE 2
BOND LENGTHS (4 A) WITH STANDARD DEVIATIONS IN PARENTHESES

Bond A B C D
As-C(11) 1.961(6) 1.953(7) 1.959(7) 1.963(7)
As-C(21) 1.935(7) 1.950(7) 1.961(7) 1.966(7)
As—C(31) 1.958(7) 1.959(7) 1.963(7) 1.955(7)
C(11)-C(12) 1.38(1) 1.38(1) 1.38(1) 1.39%(1)
C(12)-C(13) 1.39(1) 1.37(1) 1.37(1) 1.36(1)
C(13)-C(149) 1.37(1) 1.37(1) 1.36(1) 1.35(2)
C(14)-C(15) 1.36(1) 1.36(1) 1.35(1) 1.38(1)
C(15)-C(16) 1.36(1) 1.38(1) 1.37(1) 1.37(D)
C(16)-C(11) 1.37(1) 1.38(1) 1.39(1) 1.38(1)
C(21)-C(22) 1.39(1) 1.38(1) 1.37(1) 1.36(1)
C(22)-C(23) 1.37(1) 1.38(1) 1.37(1) 1.36(2)
C(23)-C(29) 1.36(2) 1.36(1) 1.37(2) 1.36(2)
C(24)-C(25) 1.392) 1.37(1) 1.38(1) 1.36(2)
C(25)-C(26) 1.38(1) 1.39(1) 1.39(1) 1.36(1)
C(26)-C(21) 1.37(1) 1.38(1) 1.38(1) 1.38(1)
C(31)-C(32) 1.39(1) 1.39(1) 1.37(1) 1.39(1)
C(32)-C(33) 1.37(1) 1.38(1) 1.39(1) 1.36(1)
C(33)-C(3%) 1.36(1) 1.37(1) 1.36(2) 1.37(2)
C(34)-C(35) 1.38(1) 1.38(1) 1.35(1) 1.37(1)
C(35)-C(36) 1.38(1) 1.37(1) 1.39(1) 1.38(1)
C(36)-C(31) 1.39(1) 1.38(1) 1.39(1 1.37(1)

TFAS were obtained from ethanol and CCl, solution by evaporation. A crystal with
size of 0.17 X 0.17 X 0.16 mm was chosen for the X-ray experiment. All experimental
data were collected using a Syntex Pl automatic four-circled diffractometer. The
unit cell parameters are as follows: a 15.275(4) A, b 11.193(3) A, ¢ 17.866(3) A, «
80.12(2)°, B 95.48(2)°, v 93.65(2)°, V' 2992(1) A D, 1.36 gcm ™3, Z = 8, space group
PI, F(000) 1248e. 4713 experimental intensities were collected (A(Mo-K ), graphite
monochromator, §/28 scan technique to sinf/A ., = 0.57 A~"). The data were
corrected for Lorentz and polarization effects but not for absorption (p(Mo)= 23.8
cm™'). For further calculations 4325 reflections with I > 3a(]) were used.

To determine coordinates of the four As atoms we used the program MULTAN-78
[12]. During the structure determination 362 normalized reflections with E_; = 1.6
were used. All further calculations were performed on the NOVA-3 minicomputer
using the SHELXTL system written by G.M. Sheldrick. The coordinates of the
carbon atoms were found by experimental Fourier synthesis and the coordinates of
the hydrogen atoms were calculated from geometric considerations. The whole
structure was refined by the full-matrix least-squares method using anisotropic (As
and C atoms) and isotropic (H atoms) thermal parameters *. The final R value is
0.032. The atomic coordinates of As and C atoms, bond lengths, valence angles,

mean planes equations and angles between least-squares planes are given in Tables
1, 2, 3 and 4.

* Tables of anisotropic thermal parameters of As and C atoms, parameters of H atoms and lists of £,
and F, may be obtained upon request from the authors.



TABLE 3
BOND ANGLES («°) WITH STANDARD DEVIATIONS IN PARENTHESES

Angle A B C D
C(11)-As-C(21) 100.4(3) 100.1(3) 100.1(3) 99.8(3)
C(11)-As-C(31) 99.2(3) 100.1(3) 100.5(3) 99.7(3)
C(21)-As-C(31) 99.6(3) 100.3(3) 100.6(3) 100.8(3)
As-C(11)-C(12) 117.3(5) 117.9(5) 117.3(5) 115.8(5)
As-C(11)-C(16) 123.8(5) 123.7(5) 124.8(5) 125.1(5)
C(12)-C(11)-C(16) 118.9(6) 118.4(6) 117.9(7) 119.1(7)
C(11)-C(12)-C(13) 120.7(7) 120.5(7) 119.9(7) 119.8(7)
C(12)-C(13)-C(14) 119.2(8) 120.0(7) 121.8(9) 121.7(8)
C(13)-C(14)-C(15) 119.8(7) 120.7(7) 118.4(9) - 118.8(9)
C(14)-C(15)-C(16) 121.3(7) 119.5(7) 121.5(8) 120.8(8)
C(15)-C(16)-C(11) 120.1(6) 120.9(7) 120.4(7) 119.7(7)
As-C(21)-C(22) 118.5(6) 117.0(5) 117.3(5) 118.1(6)
As-C(21)-C(26) 123.7(6) 123.9(5) 123.2(5) 123.0(6)
C(22)-C(21)-C(26) 117.9(7) 119.0(7) 119.5(7) 118.9(7)
C(21)-C(22)-C(23) 120.8(8) 120.7(7) 120.6(8) 119.8(9)
C(22)-C(23)-C(24) 121.5(9) 119.5(9) 120.7(9) 122(1)
C(23)-C24)-C(25) 118.1(9) 121.3(9) 119.3(9) 118(1)
C(24)-C(25)-C(26) 120.8(9) 119.0(8) 120.3(8) 121(1)
C(25)-C(26)-C(21) 120.8(8) 120.4(7) 119.5(7) 120.3(9)
As-C(31)-C(32) 117.6(5) 117.8(5) 116.6(5) 117.2(6)
As-C(31)-C(36) 123.8(5) 123.8(5) 124.2(5) 124.6(6)
C(32)-C(31)-C(36) 118.5(6) 118.4(6) 119.1(7) 118.2(7)
C(31)-C(32)-C(33) 120.3(7) 120.3(6) 119.6(7) 121.4(8)
C(32)-C(33)-C(34) 121.6(8) 119.8(7) 120.5(9) 120.3(9)
C(33)-C(34)-C(35) 118.8(8) 120.8(7) 120.9(9) 118.9(9)
C(34)-C(35)-C(36) 120.6(7) 119.1(7) 119.4(8) 121.0(9)
C(35)-C(36)-C(31) 120.2(7) 121.6(6) 120.7(7) 120.1(7)
TABLE 4

LEAST-SQUARES PLANES“

Plane Atoms defining P Q R D

No. the plane

I(A) C(11)A, C21)A, C(3DA —-0.2283 0.8925 —0.3889 —4.4748
I(A) C(11)A-C(16)A —~0.0623 0.2559 —0.9647 —14.6413
III(A) CQ2NDA-C(26)A —-04184 —0.9071 ~0.0451 —4.3528
IV(A) C(31)A-C(36)A 0.8701 ~0.4890 —0.0626 —1.2317
I(B) C(11)B, C(21)B, C(31)B -0.2106 0.9032 ~—0.3741 4.2919
II(B) C(11)B-C(16)B —0.0055 0.2588 —0.9659 0.0598
111(B) C(21)B-C(26)B —0.4085 —09121 —-0.0335 —6.5347
IV(B) C(31)B-C(36)B 0.8671 —0.4959 ~0.0464 0.7167
1C) C(11C, C@NC, C3HC 0.0643 0.9051 —0.4203 5.5160
II(C) C(1HC-C(16)C 0.3256 —0.7558 —0.5682 —12.4100
11(C) C(21)C-C(26)C —0.5061 0.3161 —0.8025 —5.8746
IvV(C) C(31)C-C(36)C 0.8894 0.3589 —0.2832 4.7407
KD) C(11)D, C2DD, CBHD  —0.0766 0.9028 —0.4231 0.1650
1(D) C(11)D-C(16)D —0.9286 0.2629 —0.2583 —2.2302
111(D) C(21)D-~C(26)D —0.1858 —0.8658 —0.4646 —9.1808

IV(D) C(31)D-~-C(36)D 0.4930 0.6012 —0.6288 - 1.7071
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TABLE 4 (continued)

Angles between least - squares planes(°)

A B C D
I-11 51.8 534 64.9 65.3
1-111 45.8 43.5 53.8 55.2
I-1v 524 52.2 59.9 395
II-111 80.6 78.4 87.0 86.3
II-1v 83.2 84.9 79.7 82.1
II-1v 85.3 84.3 83.7 71.3

“ The plane equation has the form PX+ QY+ RZ = D.

Atomic deviations from least - squares planes (A° )

Plane Atom A B C D

I As? 0.917 —-0.907 0.905 0.917
(11 0.0 0.0 0.0 0.0
c@1 0.0 0.0 0.0 0.0
Cc@(31) 0.0 0.0 0.0 0.0

I As? —0.015 0.012 0.042 0.038
(11 —0.002 0.006 0.008 -0.006
C(12) 0.010 -0.003 —0.003 0.009
C(13) -0.010 —0.002 0.0 -0.012
C(14) 0.003 0.005 —0.001 0.011
C(15) 0.005 —-0.002 0.006 —-0.008
C(16) —-0.005 —0.003 -0.010 0.005

111 As? —0.080 0.087 0.045 -0.074
C21) —0.012 —0.005 0.002 0.004
C(22) —0.010 0.005 ~0.003 —0.001
C(23) 0.025 —0.004 —0.002 —0.006
C(24) -0.021 0.002 0.008 0.008
C(25) —0.007 ~0.001 —-0.009 —0.005
C(26) 0.017 0.002 0.004 -0.001

v As? —0.071 0.114 0.048 0.071
c@31) 0.006 0.010 —0.008 0.002
C(32) -0.010 —-0.007 0.017 0.006
C(33) 0.005 —-0.001 -0.015 ~0.012
C(34) 0.004 0.006 0.004 0.016
C(35) —-0.007 —0.002 0.005 —0.008
C(36) 0.002 —-0.006 —0.003 0.005

> Atoms not used for plane calculations.

Discussion

The mean As—C bond length, 1.957(8) A, and CAsC angle, 100.1(4)°, are close to
those in the p-substituted triarylarsines: 1.964 A and 99.3° in tri-p-tolylarsine
(TPTA), 1.958 A and 99.8° in tri-p-chlorophenylarsine (TPCPA) and 1.963 A and
98.3° in tri-p-methoxyphenylarsine (TPMPA) [1]. But when considered in detail, the
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TABLE 5

THE RESULTS OF QUANTITATIVE COMPARISON OF SYMMETRICALLY UNRELATED
MOLECULES OF TFAS

Atoms R,(A)

A and B A and C A and D Band C B and D Cand D

As 0.03 0.04 0.06 0.01 0.07 0.05
C(11)-C(16)  0.01-0.09 0.02-0.34 0.04-0.24 0.01-0.29 0.08-0.33 0.06-0.29
C(21)-C(26) 0.03-0.07 0.02-0.22 0.05-0.21 0.02-0.25 0.06-0.35 0.05-0.34
C(31)-C(36) 0.03-0.05 0.03-0.21 0.06-0.32 0.02-0.22 0.04-0.40 0.04-0.12
s 0.05 0.19 0.17 0.19 0.24 0.20

geometrical characteristics of the four symmetrically independent molecules are
certainly different. We performed the quantitative comparison of symmetrically
unrelated molecules in the crystal structure. The geometrical resemblance of the
molecules may be described with the aid of the inconsistency criterion s
= VXY RI/N, R; being the distance between the same atoms in the different
molecules at their closest matching and N the number of atoms in the molecule.
Calculations were performed using the program SUSY [13]. Results of the compari-
son of the symmetrically independent molecules of TFAS (molecules A, B, C and D)
are given in Table 5.

The calculations * showed that only two molecules A and B are rather similar (the
criterion s = 0.05 A). The pairs of molecules A and C, A and D, B and C, B and D,
C and D have noticeable differences in their geometrical characteristics (the values
of s are in the range of 0.17-0.20 A). These differences are the result of the different
orientation of the mutual phenyl groups. The molecular packing of TFAS is shown

Fig. 1. An ORTEP drawing of the packing of stereopairs of TFAS molecules.

* The H atoms were ignored for the comparison.
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in Fig. 1. Analysis of the molecular packing and comparison of the molecules
revealed that the pairs of molecules can be transformed into one another by a
supersymmetrical operations [14]. The independent molecules A and B are con-
nected by a center of supersymmetry. The other pairs of molecules can be trans-
formed into one another by a rotation by 180° and a shift along the axis of rotation
(operations 2 ) or by a reflection in the plane and a shift along this plane (operation
m,, ), this is a result of interaction 2g with center of symmetry.
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