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The structures of gaseous gAtF, and (CH),AsF have been determined by electron diffraction incorporating
vibrational amplitudes derived froab initio force fields scaled by experimental frequencies and, for the difluoride,
restrained by microwave constants. The following parametgfss{ructure, distances in pm, angles in degrees)

have been determined for GAsF: r(As—C) = 194.6(4),r(As—F) = 173.1(1),0CAsF = 95.2(1),0FAsF =

97.0(1). For (CH),AsF structural refinement givedAs—C) = 195.1(1),r(As—F) = 175.4(1),JCAsF =

95.3(5), and1CAsC= 96.9(8). For the series (G}tAs, (CHs)AsF, CHAsF,, and Ask, both As—-C and As-F

bond lengths are shortened with increasing numbers of F atoms, but the angles CAsF and FAsF are almost invariant.

Introduction discussed in terms of the trends they reveal within the series of

Methyl derivatives of arsenic trifluoride have been known compounds (Cl)sAsh (for x = 0-3).

for some time; methyldifluoroarsine, GRsF,, was first

synthesized by Eméals et al. in 1948, and the dimethyl Experimental Section

derivative, (CH),AsF, by Bunsen as long ago as 184Both Synthesis. Samples of the methylfluoroarsines were prepared by
compounds are viscous liquids at room temperature; the normalmetathetical fluorination of the corresponding iodoarsines, in line with
boiling points are reported to be 76.5 and & for CHsASF, procedures described in earlier repértsSilver(l) fluoride was used

as the fluorinating agent, the reactions being carried out in Teflon-

. . - _ FEP apparatus with poly(tetrafluoroethylene) couplings and needle
phosphines,they are relatively robust, the neat liquids decom valves (Production Techniques Ltd.). The reactions were performed

posing only slowly at 140C. . L . at room temperature, although gentle warming of the sample @f CH
Here we report the results of an investigation into the Asl, to temperatures above its melting point (ZD)!! was required to

structures of the gaseous molecules3s88F, and (CH).AsF initiate exchange. Samples of methyldiiodoarsine and dimethyliodo-

based primarily on gas-phase electron-diffraction (GED) mea- arsine were prepared by established rotitesilver(l) fluoride was

surements. The structural refinement of the monomethyl used either as supplied (Aldrich) or as prepared by the action of aqueous

derivative was expected to give problems of correlation associ- HF (40%, BDH) on silver(l) carbonaté.

ated with the similar F+F and F--C nonbonded distances. To The compounds were purified by trap-to-trap distillation in vacuo,

overcome this problem, we have undertaken a combined analysigind their purity was assessed B NMR measurements made

of the GED data and microwave rotation constants. In addition, With Qf'aF solutions at 20°C. CH?\Sin % NMR, 0 = ~113.0,

ab initio calculations allied to vibrational analysis, as an ?;l??\ldl\h : gMB’—g'-'ZSZOLS:’ttentPI-IF:\’I d(F':";) = 147'2 "(;f)-ub(fég\)ﬁésﬁ)-

independent means of calculating vibrational amplitudes and _ 133 |_’|ZF_ 0 Septet, POHT BN

S0 constraining the_ models, have been used in both reflnements. The sample of CBASF, was produced by fluorination of the

The success of this strategy has been demonstrated prewouslgOrresponding iodide, the preparation of which employed,|GD

and (CH),AsF, respectively:® Unlike the corresponding

for the boron hydride molecules HGa(gkf and 1-(CiB)BsHs.” introduce the labeled methyl constituéhtiodomethane; was in turn
The gaseous molecules Asind (CH)3As having already been
characterized; 2 the structures of CkAsF; and (CH).AsF are (6) Downs, A. J.; Greene, T. M.; Harman, L. A.; Souter, P. F.; Brain, P.
T.; Pulham, C. R.; Rankin, D. W. H.; Robertson, H. E.; Hofmann,
T This paper is dedicated by A.J.D. to Professor Dr. mult. Alois Haas of M.; Schleyer, P. v. Rlnorg. Chem.1995 34, 1799.
the Ruhr-UniversitaBochum to mark his 65th birthday. (7) Brain, P. T.; Rankin, D. W. H.; Robertson, H. E.; Alberts, I. L.; Downs,
® Abstract published i\dvance ACS Abstract©ctober 15, 1996. A. J.,; Greene, T. M.; Hofmann, M.; Schleyer, P. v.RChem. Soc.,
(1) Long, L. H.; Emeles, H. J.; Briscoe, H. V. AJ. Chem. Socl1946 Dalton Trans.1995 2193.
1123. (8) Konaka, SBull. Chem. Soc. Jprl97Q 43, 3107.
(2) Bunsen, RJustus Liebigs Ann. Cheri841, 37, 38. (9) Clippard, F. B., Jr.; Bartell, L. Snorg. Chem.197Q 9, 805.
(3) Cullen, W. R.; Walker, L. GCan. J. Chem196Q 38, 472. (10) Blom, R.; Haaland, A.; Seip, FActa Chem. Scand.983 37A,595.
(4) Seel, F.; Rudolph, K.; Budenz, B. Anorg. Allg. Chem1965 341, (11) Millar, I. T.; Heaney, H.; Heinekey, D. M.; Fernelius, W. Dorg.
196. Seel, F.; Rudolph, K. HZ. Anorg. Allg. Chem1968 363 233. Synth.196Q 6, 113.
(5) McGrady, G. S. D.Phil. Thesis, University of Oxford, 1989. (12) Willner, H. Habilitation Thesis, Ruhr-UniversitBochum, 1980.
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Table 1. Nozzle-to-Plate Distances, Weighting Functions, Correlation Parameters, Scale Factors, and Electron Wavelengths Used in the
Electron-Diffraction Study

nozzle-to-plate weighting functions/nmt correln scale electron
compound distance/mm As Shin SW SW Smax param factork? wavelengti/pm
CH:AsK, 285.90 2 20 40 122 144 0.417 0.964(16) 5.676
128.20 4 60 80 260 300 0.053 0.773(16) 5.676
(CHg),AsF 285.90 2 20 40 122 144 0.341 1.021(17) 5.676
128.20 4 60 80 260 300 —0.185 0.937(17) 5.676

aFigures in parentheses are the estimated standard devidtidatermined by reference to the scattering pattern of benzene vapor.

prepared by the reaction of anhydrous methahdAldrich) with red are sufficiently diffuse to polarize the 4d electrons. The arsenic basis
phosphorus (Aldrich) and crystalline iodine (Aldrich). set was then combined with basis sets of comparablésaeluorine
Electron-Diffraction Measurements. Electron-scattering intensities ~ and carbor{ both [10s, 6p, 2d)/(5s, 3p, Zdand hydroger [5s, 2p)/
were recorded on Kodak Electron Image plates using the Edinburgh (3s, 2p} to form the TZ2P(f) basis (polarization exponents were 3.50
gas-diffraction apparatus operatingcat44.5 kV (electron wavelength and 0.85 for fluorine, 1.20 and 0.30 for carbon, and 1.50 and 0.40 for
ca 5.7 pm)** Measurements were made using a stainless steel inlet hydrogen). Geometry optimizations were performed at the SCF and
system and aluminum nozzle; the sample and nozzle temperatures werdIP2 levels of theory using the TZ2P(f) basis set for both molecules,
ca. 293 K during the exposure periods. Nozzle-to-plate distances were while a further calculation in which all the electrons were included in
ca. 128 and 286 mm, yielding data in tlserange 26-300 nnm%; for the correlation treatment, MP2(FULL), was undertaken fors&3f,
each compound two plates at each camera distance were selected foto investigate the effects of core correlation.
analysis. The scattering patterns of benzene were also recorded for Vibrational frequency calculations were performed at the MP2/
the purpose of calibration. 6-31G** level for CHAsF; and (CH).AsF to verify that both structures
Nozzle-to-plate distances, weighting functions used to set up the represent local minima on the potential-energy surface and to calculate
off-diagonal weight matrices, correlation parameters, final scale factors, the vibrational amplitudes needed to assist in the refinement of the
and electron wavelengths for the measurements are collected togetheelectron-diffraction data. The Cartesian force field was converted to
in Table 1. one described by symmetry coordinates using the program ASY#140.
The electron-scattering patterns were converted into digital form Vibrational Spectroscopic Measurements. IR spectra were re-
using a computer-controlled Joyce-Loebl MDM6 microdensitometer corded in the range 40088100 cnt? using Perkin-Elmer 1710 and
with a scanning program described elsewHér&he programs used  Mattson Galaxy FT-IR instruments. Raman spectra were excitéd at

for data reductiotf and least-squares refinem#rtave been described = 514.5 nm with the output of a Spectra-Physics Model 165lAser
previously; the complex scattering factors employed were those listed and measured with a Spex Ramalog 5 spectrophotometer. Solid films
by Rosset all” of the volatile materials were presented for spectroscopic analysis by

Theoretical Calculations. All calculations were performed on Dec  condensing the vapor on a Csl window (for IR measurements) or a
Alpha 1000 4/200 workstations using the Gaussian 94 prodfam. copper block (for Raman measurements) contained in an evacuated
Geometries were optimized using analytic first derivatives while shroud and maintained at 77 K. The spectra of the vapors were recorded
vibrational frequencies were calculated from analytic second derivatives. using a stainless steel infrared cell fitted with silver chloride windows.
Preliminary calculations on GiAsF, and (CH).AsF (both with Cs
symmetry) were performed at the SCF and MP2 levels of theory using Molecular Models
the 6-31G** basis set¥ 2! We wished to investigate the effects of
both diffuse functions and a more complete correlation treatment on  CH3AsF,. The positions of the heavy atoms were defined
the molecular geometry, and so additional calculations were performed by two distances and two angle parameters: the@slistance,
at the MP2/6-3+G** and MP4SDQ/6-31G** levels for CEAsF. p1; the As—F distancepy; the average of the heavy atom angles,
Final geometries were obtained using a basis set of TZ2P(f) quality. [2(O0CAsF)+ (OFAsF)]/3,ps; and the difference of the angles,
The larger arsenic basis was constructed from the [15s, 12p, 9d] [(OFAsF) — (OCASF)], p. The CH; group was assumed to
primiFive set of Sadlef? supplemented with a single set of f-type have localCs, symmetry and to be staggered with respect to
functions (exponent 0.40) and contracted to (11s, 9p, 5d, 1f). No the Ask unit in the starting conformationi.e. giving the

additional d-type functions were added to this basis set since the three ;
P olecule overallCs symmetry. It was then defined by four

outermost d-type functions (exponents 0.328 25, 0.103 36, and 0.032 547 .
P (exp )r;arameters: the €H distancepy; the angle between the-aH

(13) King, H. S.Org. Synth.1943 2, 399. bonds and thd:g aXiS, P3; the tilt of the CH; unit in the

(14) Huntley, C. M.; Laurenson, G. S.; Rankin, D. W. H.Chem. Soc., As(1)C(4)H(5) planepg, defined as positive for ASC—H(5)
Dalton Trans.198Q 954. _ decreasing; and a parameter defining the nature of the rotation

(15) %af;)?c’.k, S.; Koprowski, J.; Rankin, D. W. 8. Mol. Struct.1981, of the methyl group about its loc&; axis, p;. In the initial

(16) Boyd, A. S. F.; Laurenson, G. S.; Rankin, D. W. H.Mol. Struct. refinements, this parameter was defined as a twist angle about
1981, 71, 217. the localC;s axis, allowing the overall symmetry to fall 16,

(17) Ross, A. W.; Fink, M.; Hilderbrandt, R. Imternational Tables for — e ;
Crystallography Wilson, A. J. C., Ed.; Kluwer Academic Publish- except Whe.rp7 0° (Cs staggered) or 180(Cs eC“psed)'. In
ers: Dordrecht, The Netherlands, Boston, MA, and London, 1992; the later refinements, however, this parameter was defined as a

Vol. C, p 245. _ potential energy barrier to free rotatiovof of the CH; group
(18) FI’ISCh, M. J,; TI'UCkS, G.W.; Schlegel, H.B.; GI”, P.M.W.; Johnson, about |ts |ocaC3 ax|s Th|s was ach|eved by represen“ng the

B. G.; Robb, M. A.; Cheesman, J. R.; Keith, T. A.; Petersson, G. A.; . ! .
Montgomery, J. A.. Raghavachari, K+ Al-Laham, M. A.: Zakrzewski, rotation as a set of fixed conformations of the £dfoup over

V. G.; Ortiz, J. V.; Foresman, J. B.; Cioslowski, J.; Stefanov, B. B.; the range 0 < ¢ < 60° of the rotation anglep (¢ = 0° defined
Nanayakkara, A.; Challacombe, M.; Peng, C. Y.; Ayala, P. Y.; Chen, as theCs staggered conformation). Thus, the continuous torsion-

W.; Wong, M. W.; Andres, J. L.; Replogle, E. S.; Gomperts, R.; e ; sotribi it ; i
Martin, R. L. Fox. D. J.: Binkley. J. S.: Defrees, D. J.. Baker, J. sensitive distance distribution was approximated by calculating

Stewart, J. P.; Head-Gordon, M.; Gonzalez, C.; Pople, Gaissian the nonbonded distancegF-:-H) and r(As:--H) at angle

94, Revision C.2; Gaussian, Inc.: Pittsburgh, PA, 1995. incrementsA¢ = 10°; 54 distinct torsion-sensitive distances
(19) Helwe, W. J.; Dichfield, R.; Pople, J. &. Chem. Physl972'56. were generated by this scheme. The low-barrier classical
(20) Hariharan, P. C.; Pople, J. Aheor. Chim. Actdl973 28, 213.

(21) Gordon, M. SChem. Phys. Lettl98Q 76, 163. (23) Dunning, T. H., JrJ. Chem. Physl971, 55, 716.

(22) Sadlej, A. JTheor. Chim. Actal991, 81, 45. (24) Hedberg, L.; Mills, 1. M.J. Mol. Spectrosc1993 160, 117.
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Table 2. Observed and Calculated Vibrational Frequencies {tm Table 3. Observed and Calculated Vibrational Frequencies {tm
for CH;Ask for (CHs) AsF
irred CHsASF CDsAsF approx descripn irred (CHg)AsF approx descripn
rep mode obs cal®d obsg cal® of mode rep mode olss cale® of mode
a 2 3014 3029 2261 2246 vasyn(C—H) a 2 2998 3016 Vasyr{ C—H)
V2 2924 2948 2130 2113  vg(C—H) Vo 2998 3003 Vasyn(C—H)
vs 1418 1421 1031 1025 Jasyn{CHa) Vs 2920 2898 Veym(C—H)
va 1256 1253 981 984  Sgyn(CHs) V4 1432 1440 Sasyr{CHa)
Vs 816 814 690 695 p(CHa) Vs 1419 1421 Oasyr{CHa)
V6 697 692 C 640  wvg(As—F) Ve 1260 1266 Ssym(CHs)
Ve 595 597 540 538 y(As—C) vy 893 894 o(CHs)
g 296' 304 28F 292  Askhwad Vg 818 813 o(CHy)
Ve 255 254 245 240  S(AsRy) vo 640 640 v(As—F)
a' v 2995 3016 2247 2235 vasn(C—H) Vio 290 587 veym(AS—C)
Vi1 269 279 AsG wagd!
Y11 1412 1420 1028 1026  Oasyn{CHs) 03F 232 S(ASC)
v, 805 805 665 671 p(CHs) viz (AsCy)?
vis 673 667 625 625  vagym(AS—F) Vi3 e 174 CH torsion
V14 240 241 220 209 AsF; rock a’ Via 2998 3015 VasyrlC—H)
Vis g 208 g 157  CHtorsion Vs 2998 3002 Vasyn(C—H)
aExcept where stated, frequencies are taken from the infrared zij i(ﬁg iigi 1(;Sym(n(CCH:|))
spectrum of the vapof.From the scaled theoretical force field. v 1419 1410 o (CHa)
cObscured by CB rocking fundamentals! Values taken from the i 1245 1250 6a5,yn(CH§
. . . 19 Syl 3,
Raman spectrum of a pure liquid samgi&.alues taken from infrared Vao 79> 787 o(CHy)'
spectrum of the solid.vg andvg are strongly coupled togetherNot Vor 775 759 o(CHs)'
observed. V2 590 593 Vasy(AS—F)

V23 233 226 AsGrock
approximation for the probability distribution of the rotation Vo4 e 127 CHh torsion
angle ¢) aExcept where stated, frequencies are taken from the infrared

spectrum of the vapoP.From the scaled theoretical force fiefdvalues
P(¢) = N[exp(—V(¢)/RT)] taken from the Raman spectrum of the sofiay; andvy, are strongly
coupled togethe€ Not observed! vy, and v,; are strongly coupled
was adopted, and the potential function was assumed to be ofi°9ether.

the form

b

o
As-F
As-C

V(¢) = Vy/2[1 — cos(3)]

as indicated by the theoretical study (see below). The relative &
multiplicities of the 36r(F---H) and 18r(As---H) distinct
nonbonded distances were weighted according &).P(

(CH3),AsF. The heavy-atom positions were again defined 3
by two distance and two angle parameters: the Rslistance,
p1; the As—C distancep,; the CAsF angleps; and the CAsC DT A 100 200 300 400
angle,ps. The positions of the hydrogen atoms were defined rlpm r/pm
by the C-H distance ps;, the AsCH angleps, and the methyl
twist, p;. The twist angle is such that it rotates the two methyl
groups while preservin@s symmetry, clockwise about C(6) Figure 1. Observed and final weighted difference radial-distribution

As(10) and anticlockwise about C2Rs(10), from the initial ~ curves for () CBAsF; and (b) (CH).AsF. Before Fourier inversion
pOSition with F(l)AS(lO)C(Z)H(S)z 0°. the data were multiplied by exp[(—OOOOO%Z)/(ZAS — fas)(Ze — fR)].

PnIr

]

force field, and a combined analysis of the GED data and MW
constants was undertaken for gfsF,.

Refinement of the Structures. The gas-phase structures of CH3AsF,. The radial-distribution curve for CiAsF; (Figure
CHsAsF; and (CH) AsF were refined imq° space. Harmonic  1a) consists of four distinct peaks centereccat 115, 173,
vibrational force fields were computed for both molecules at 260, and 367 pm. The first two of these correspond to the
the MP2/6-31G** level of theory and the program ASYMA0  ponding distances, the-€H pairs giving rise to the peak at
was used to convert the Cartesian force fields to those describedi 15 pm and the AsF and As-C pairs combining to give the
by symmetry coordinates; the internal coordinates used are givenintense peak at 173 pm. Scattering from the nonbonded, heavy-
in the Supporting Information. An optimum fit of the theoretical atom pairs As-F, F+-F, and G--F accounts for the feature at
to the experimental vibrational frequencies (see Tables 2 and260 pm, while the peak at 367 pm is attributable to-i#

3) was achieved in each case by a refinement ofathénitio scattering.

force constants using a set of scaling factors, 10 fopAS, Starting from the geometry computeab initio at the
and 7 for (CH).AsF. Root-mean-square amplitudes of vibration MP4SDQ/6-31G** level, and assumirig, symmetry {.e. fixing

(u) and perpendicular amplitudes of vibratiok)(were then  p; at (°), refinement of the GED data combined with the three
calculated from the scaled force constants using ASYM40.  rotation constants proceeded straightforwardly. Of the other

The microwave (MW) spectrum of GJAsF, has been  seven parameters defining the geometrical structure, all could
analyzed by Nugent and Cornw&lto yield three ground-state  pe refined simultaneously except the methyl tilt angle. This
rotation constantdp). These were converted B3 values using
harmonic vibrational corrections derived from the theoretical (25) Nugent, L. J.; Cornwell, C. DOl. Chem. Phys1962 37, 523.

Results
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would not refine freely and attempts were made subsequently
to optimise it using a flexible restraiAt:2”

Flexible parameter restraints may allow the refinement of
parameters which would usually have to be fixed. Estimates _ 57
of the values of these parameters and their uncertainties are useds
as additional observations in a combined analysis similar to those E 44
routinely carried out for electron-diffraction data combined with X
rotation constants and/or dipolar coupling constants. The > 31
starting values and uncertainties for the extra observations are §
derived from another method, such as X-ray diffraction or
theoretical computationsAll parameters are then included in
the refinements. If the intensity pattern contains useful informa-
tion concerning one of these parameters, the parameter in
question will refine with an esd less than the uncertainty in the 0
corresponding additional observation. However, if there is little S
or no relevant information, the parameter will refine with an
esd equal to the uncertainty of the extra observation. In this CHj rotation (¢/°)
case, the parameter can simply be fixed in the knowledge thatFi_gure 2. Variations of the t_heoretical relative energykJ mo_rl,
doing this does not influence either the magnitudes or the esd’sWith the methyl group rotation angley/deg, for CHASF,. Points
of other parameters. In some cases. because increasin thmarkedl were calcu!ated for optimized geometries at the MP2/

P L ’ 9 .31+ level; the solid curve represents the functid®) = Vo/2
number of refining parameters allows all the effects of correla- [1 — cos(3)] for Vo = 5.85 kJ mot™.
tion to be considered, some esd’'s may actually increase.
Overall, this approach utilizes all available data as fully as Table 4

: foti ) : (a) GED Structural Parameters
possible and returns more realistic esd's for the refined (roIpm. Diodeg VolkJ mol 1) for CHaASF

o 2
c
©
© 14
CC1

parameters. _
Using a flexible parameter restraint of B 1°, it proved parameter magnitude
possible to refingg. Additionally, most of the amplitudes of Py As—C 194.6(4)
vibration could be refined, either freely or tied in groups; ratios P2 C—H 111.4(10)
between amplitudes in these groups were taken from the 23 ng)gs_CH angle 117036'15((11)7)

. . . 14 .
theoretical force field. Amplitudes for the nonbonded-Ad Ds av angle, [20CAsF)+ OFAsF)/3 95.81(3)
and F--H distances were refined subject to restraints of 12.4 Ps diff angle, JFASF — OCAsF 1.8(2)

+ 2.0 and 20.5+ 4.0 pm, respectively. p7 Vo o 5.85(f)

In the later refinements, the constraint 6f symmetry Ps CHs tilt 0.2(10)
was lifted by allowingpy, the methyl torsion parameter, to re- (b) Interatomic Distances{pm) and Amplitudes
fine. As a result, thexs value dropped from 0.074 to 0.073, of Vibration (Wpm) for CHAsF*®
yielding a structure havin@; symmetry withp; = 20(6Y, i.e. amplitude
r[F(2)-+-H(5)] = 259(4) a_lndr[F(S)---_H(S)] = 294(7) pm. It atom pair dist expt cafc
seems reasonablg to think that this .value ﬂ@r(esults frqm 0 AS(D)-F(2) 173.2(1) 5.4(2) 12
vibrational averaging of a large-amplitude torsional motion of [, As(1)-C(4) 194.7(4) 6.0(4) 5.2
the CH group. Although this mode has not been located in  r3 C(4)—H(5) 114.8(10) 7.5(11) 7.8
the measured vibrational spectra, it is computed at the MP2/ '4 F(2)y--F(3) 259.0(1) 10.2(12) 8.6
6-31G** level (scaled) to lie at 208 cm (see Table 2), a low s F(2r-C4) 2711.6(5) 11.7(9) 94

frequency for such a mode. To investigate this further, relative :3 ﬁzgg:% %gigg% ﬂ:g((ltise)d t0s) 12131'4

energies were calculated for conformations with the methyl g As(1)-+-H(7) 251.4(20) 11.0 (tied tag) 12.4
torsion parametewy) fixed at values in the rang€ & ¢ < 60°

at 10 intervals while optimizing all other parameters at the (c) Microwave Rotation ConstantB/MH2) for CHoASF,

MP2/6-31G** level. The variation of relative energy withis . B, diff . .

shown in Figure 2. Itis found to be of the forvts) iyvolkg}l axis obsBy  corrB, calcB, (obs— calc) uncertainty weight
— cos(3)] with a 3-fold barrier to rotationyo, of 5.85 kJ mot™. é ggé‘l‘-‘z‘gggg gggg-?g ggggzg :8-83 8-;2 8-%
SinceRT = 2.4 kJ mof? at 293 K, this is consistent with a C 3871.88(15) 3869.29 3869.30 —0.01 0.30 14

large-amplitude torsional motion of the @lgroup. Thus, in

the final refinementsp; was redefined as the potential-ener ® For atom-numbering scheme, see Figure 4a. Figures in parentheses
. N7 P oy are the estimated standard deviatidhSor definitions of parameters
barrier as described above.

. . see text; f= fixed. ¢H---H, H---F, and H:-C nonbonded distances
(CHas)2AsF. The radial-distribution curve for (CHhAsF were also included in the refinements but are not listed here.

(Figure 1b) shows two peaks in the region associated with ¢ Amplitudes calculated at the MP2/6-31G** lev&lUncertainty=
bonded distances, with onea 110 pm for the G-H distance [(uncertainty in microwave measuremént) 0.1(vibrational cor-

and the other ata. 185 pm for both the AsF and As-C rectionf]* " Relative to the GED data.

distances. The very broad featurecat 265 pm is attributable

mainly to scattering from the nonbonded-A#i, C---F, and Initial refinements of the structure explored the conforma-
C---C pairs, with the least intense feature Gt 373 pm tional properties of the methyl hydrogen atoms, allowing
corresponding to #H and G--H nonbonded pairs. rotations of the methyl groups about the-AS axes in identical

or opposite directions from a series of different starting positions.

(26) Blake, A. J.; Brain, P. T.; McNab, H.; Miller, J.; Morrison, C. A, Such refinements indicated &g minimum corresponding to
gﬂf,ﬂnfég’g ?o%“;'g'ngw' H.; Robertson, H. E.; Smart, Bl Rhys. overall Cs symmetry, and this was assumed subsequently.

(27) Brain, P. T.; Morrison, C. A.; Parsons, S.; Rankin, D. WJHChem. It was possible to refine simultaneously all seven of the

Soc., Dalton Trans.submitted for publication. parameters defining the geometrical structure and all of the
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Table 5
a
(a) GED Structural Parametens, {/pm, Oa/deg) for (CH).AsP O
param magnitude param magnitude \?
pp As—F 175.4(1) ps OCAsC 96.9(8) @ /\ N
p. As—C 195.1(1) ps  OASCH 106.7(7) A S VALV, e
ps C—H 106.1(3) pr  CHstwist 57(11) \/ v
ps  OCAsF 95.3(5) s/nm”
(b) Interatomic Distances{pm) and Amplitudes of Vibration
(u/pm) for (CH),AsF
amplitude  amplitude
atom pair distance (expt) (calcy
r. As(10-F(1) 175.6(1) 5.7(2) 4.4 , , , , : : , : ’
r.  As(10-C(2) 195.3(1) 6.2(2) 5.2 40 80 120 160 200 240 280 320
rs  C(2)-H(@3) 112.3(3) 6.6(4) 7.8
rs  F(1)y-C(2) 274.1(10) 9.2(10) 9.7 b
rs  C(2)--C(6) 292.0(18) 7.5(23) 9.6 .
re  As(10y+-H(3) 249.7(9) 11.3(7) 12.3 )
3
a For atom-numbering scheme, see Figure 4b. Figures in parentheses v;
are the estimated standard deviatiohBor definitions of parameters
and flexible restraints used in the refinements see fet:-H, H-+-F, N A '
and H--C nonbonded distances were also included in the refinements f ! oF N~ 7 T 1
but are not listed heré.Amplitudes calculated at the MP2/6-31G** /
level. s/nm
Table 6. Least-Squares Correlation Matrices (00
(a) CHASK,
Ps Pa Ps Pe Ug Usg Us Us ki kz : : : : : : | :
91 53 57 —67 50 —-56 —-53 74 62 py 40 80 120 160 200 240 280 320
70 P2 Figure 3. Observed and final weighted difference combined molecular-
—67 —-83 90 —-52 60 56 —73 —63 ps scattering intensity curves for (a) GASF, and (b) (CH).AsF.
51 =79 —53 —-50 Pa Theoretical data are shown for the regions20 and 308-360 nnt?,
—90 56 50 ps for which no experimental data are available.
57 52 —58 —50 pe
66 79 w
—52 Ug a é/ \\\
69 k; JAs(1)
y H()  H({7)
(b) (CHs)2ASF % /\’ " ())/
Ps pr Uz Us Us Uzo ki ko £y \j U JC@)
v Y F(3) Uy
71 63 52 P \ W :
64 Ps F@)
51 -54 Ps a
78 58 64 U, HE)
58 64 W b o
75 61 Us Lo
66 ky %// ",/:(1)
2 0Only elements with absolute value$0% are showrk is a scale /i
factor. H() % HE)
vibrational amplitudesu) except those for the ++H distances. \\% A‘é?‘”fé */ !
One amplitudey[C(2)---H(8)], was refined subject to a flexible CO, Onmy H(5)('2/ S
restraint of 26.9- 5.0 pm. T
The geometrical parameters and the most important dependent UH(S) (UH(4)
distances derived in the final refinements for £dF, and Figure 4. Views of (a) CHAsF; and (b) (CH).AsF corresponding to
(CHg),AsF are listed in Tables 4 and BRs; = 0.073 Ry = parameters obtained in the optimum refinements.

0.049) for CHAsF, andRg = 0.071 &> = 0.057) for (CH)2-

AsF. Tables 4 and 5 also contain the calculated amplitudes o
vibration for the purposes of comparison with those derived
from the GED experimental data. The most significant elements
of the least-squares correlation matrices are shown in Table 6,
and Figure 3 illustrates the observed and final difference curves
for the molecular-scattering intensities. The optimized experi-
mental structures of the two molecules are shown in Figure 4.

fmlght be expecteéf estimates of bond lengths were generally
predicted to be shorter at the SCF level as compared with
correlated calculations. The introduction of electron correlation
into the calculation was found to have a particularly large effect
‘'on the As-F bond, which increases in length from 171.2 pm
(SCF/6-31G**) to 174.2 pm (MP2/6-31G**). However, im-
provements in the correlation treatment (to MP4SDQ) did not
lead to further changes in the value of this parameter. The

Ab Initio Calculations. Calculations with CHAsF, were As—C bond, which was found to lengthen by 0.5 pm to 192.7
performed at seven different levels in order to determine the '

effects of improving the theoretical treatment on the molecular (2g) Henre, W. J.; Radom, L.; Schieyer, P. v. R.; Pople, JAB.Initio
geometry. Geometrical parameters are reported in Table 7. As Molecular Orbital Theory Wiley: New York, 1986.
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Table 7. Theoretical Molecular Geometries/pm, O/deg) and Absolute Energies (hartrees) for:88F,2

6'316** 6_31+G** TZZP(f)
SCF MP2 MP4SDQ MP2 SCF MP2 MP2(FULL) GEbP
r(As—C) 192.2 192.7 193.4 192.3 193.3 193.4 193.4 194.6(4)
r(As—F) 171.2 174.2 174.2 175.6 171.0 1745 174.6 173.1(1)
r[C—H(5)] 108.2 108.7 108.8 108.8 108.0 108.6 108.5 111.4(10)
r[C—H(6/7)] 108.4 108.9 108.9 108.9 108.2 108.8 108.7 111.4(10)
OCAsF 95.8 95.3 95.1 95.1 96.1 95.4 95.4 95.2(1)
OFAsF 95.8 97.0 96.7 96.7 95.7 96.7 96.6 97.0(1)
OAsCH(5) 108.9 108.1 108.1 108.7 109.5 108.5 108.5 106.3(19)
OASCH(6/7) 109.4 109.4 109.5 109.3 109.2 108.9 108.9 106.7%(18),
106.6(17)
energy —2470.531 960—2471.128 735—2471.155 726—2471.186 580—2472.796 806—2473.724 335—2474.104 848
2 For atom-numbering scheme, see Figure®4q’® structure Values for¢ = 5°.
Table 8. Molecular Geometriesr¢pm, 0/deg) and Absolute Energies (hartrees) for gHNsP
6-31G** TZ2P(f)
SCF MP2 SCF MP2 GED
r(As—F) 173.8 176.5 173.8 177.1 175.4(1)
r(As—C) 194.0 194.4 194.9 194.8 195.1(1)
r[C—H(3)] 108.3 108.7 108.1 108.6 106.1(3)
r[C—H(4)] 108.5 108.9 108.4 108.9 106.1(3)
r[C—H(5)] 108.3 108.8 108.1 108.7 106.1(3)
OFAsC 96.0 95.9 96.3 96.0 95.3(5)
OCAsC 98.4 97.0 98.6 96.2 96.9(8)
OASCH(3) 109.4 109.5 109.4 109.6 106.7(7)
OAsCH(4) 109.0 108.8 108.9 108.3 106.7(7)
OAsSCH(5) 110.5 109.9 110.8 109.8 106.7(7)
energy —2410.688 776 —2411.263 167 —2412.916 296 —2413.786 266
a For atom-numbering scheme, see Figurely? structure.
pm when the adopted level of theory was improved from SCF Table 9. Atomic Coordinates (pm)
to MP2, lengthens further to 193.4 pm at the MP4SDQ/6-31G** (@) CHsASR,
level. Electron correlation was also found to be of some ab initio [MP4SDQ/6-31G**]
importance in describing the FAsC and FAsF bond angles, GED refinement (°) optimizn (o)
which are indistinguishable at the SCF level (both 928SCF/ atom » y 7 " y 7
6-31G**) but differ by 1.7 at the MP2/6-31G** level [CAsF
= 95.3 andJFAsF= 97.0°). The addition of diffuse functions 252(1) 152'? 113?-g 128-9 192-(; %-% %-%
(6-31+G** basis) was found to have little effect on molecular (3; :156:3 :113:6 1297 -16.0 -1143 -1305
parameters except for the A& bond, which is elongated by  ¢(4) 194.5 0.0 00 —-16.0 —1143 130.5
1.4 pm at the MP2 level (6-31G*ps 6-31+G**). H(5) 2265 —99.7 37.2 226.6 —103.3 0.0
Improving the basis set to TZ2P(f) proved to have only a H(6)  227.4 81.8 67.6 228.9 51.4 88.9
minor effect on most molecular parameters although, signifi- H(7) ~ 227.0  17.4 —104.8  228.9 514  —88.9
cantly, the As-C bond distance once again becomes longer. (b) (CHs)-ASF
Since improvements in both basis set and the treatment of

- - ab initio [MP2/TZ2P
electron correlation lead to the prediction of a longer-A&s GED refinement () opt[imizn B ]

bond, it is probable that even more sophisticated calculations
would predict further attenuation of the bond. A single geom-
etry optimization performed at the MP2(FULL)/TZ2P(f) level ~ F(1) 0.0 0.0 0.0 0.0 0.0 0.0
showed that the effects of correlating core electrons are small. 1936 1282 -1460 1974 1285 -145.0
Calculati ith (CHI,ASE f d at f dif t H(3) 151.0 82.8 —2319 1727 81.0 —239.5
alculations with (Ch).AsF were performed at four different 4 297.4 1464 -157.9 3014 1609 —147.8
levels of theory, with the results presented in Table 8. Most H(5) 140.8 2154 —-116.8 1324 2139 —127.9
molecular parameters, except the-Asbond length and CAsC C(6) 193.6 128.2 146.0 197.4 1285 145.0
angle, proved to be fairly insensitive to changes in either the H(7) 1408 2154 1168 1324 2139 127.9
basis set or the treatment of electron correlation. TheRAs :(g) ig;-g 132';' ;gzg :13(7)%;' 1288 2154,; '58
bond distance, as found for the difluoro compound, lengthens Aé(io) 175.4 0.0 00 1771 0.0 0.0

substantially when the effects of electron correlation are taken
into account. The CAsC angle becomes narrower as the qualityparameters determined experimentally for all the molecules in

X y z X y z

of the calculation is improved. the series (Ch)sAs, (CHs),ASF, CHsASF,, AsF; are gathered
The Cartesian coordinates for both the theoretical and GED in Table 10.
structures are given in Table 9. The As—F bond lengths for the series (Ghl-AsFy decrease

systematically with increasing by 2.4 pm from (CH),AsF to
CHsAsF; and by 2.8 pm from ChAsF, to Asks. The trend

The structures deduced for the methylfluoroarsine deriva- toward shorter AsF distances attending the substitution of
tives CHAsF,; and (CH),AsF are in accord with those found fluorine for less electronegative methyl substituents is to be
for closely related molecules; in neither case do the methyl expected on the basis of decreased polarity or of reduced
groups show properties out of the ordinary. The structural electron pair repulsion in the valence shell.

Discussion
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Table 10. Comparison of the Structural Parameters for Gaseous
Molecules

(@) (CHy)sAS, (CHs)ASF, CHASF,, AsFsP

param (CH);As!®  (CH3),AsFF CHzAsFS® AsF®
r(As—C)  197.0(3) 195.5(1) 194.9(4)
r(As—F) 175.8(1) 173.4(1)  170.6(2)
OCAsC 96.1(5) 96.9(8)
OCASF 95.3(5) 95.2(1)
OFAsF 97.0(1) 96.2(2)
(b) (CHy)sP, CHPF;, PR

param (CH)sP*2 CHsPR3® PR3
r(P—C) 184.6(3) 182(2)

r(P—F) 158.2(F) 157.0(1)
ocpc 98.6(3)

OCPF 97.8(5)

OFPF 98.4(5) 97.8(2)

aAll values are taken from gas-phase electron diffraction studies

(r¢/pm, O/deg) except with CEPF,, for whichrq values derived from

a microwave study are giveRFigures in parentheses are the estimated

standard deviations;# fixed. ¢ This work.

Likewise, the estimates of the A€ distance are also in

Downs et al.

Thus, the XAsX angle in (CkJsAs (X = C) is virtually iden-
tical to that in Asi (X = F). Likewise, the CAsC angle in
(CHj3)AsF is at 96.9(8) virtually indistinguishable from the
corresponding angle of 96.1(5pund in (CHs)sAs;°the CAsF
angle is hardly altered in going from (G}4AsF to CHASF,,
while the FAsF angle decreases but slightly froms8F, to
AsFs.°

A similar pattern holds for the methylphosphines, the
structural properties of which are also presented in Tabf@£0.
Hence, it may be seen that, although the bond lengths respond
to changes in substituent in a manner parallelling that found
for the arsenic compounds, the FPF angle is insensitive to such
changes, the value for GRAF, being virtually identical with
that for the parent molecule BF
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keeping with the expectations of these simple models. The nates for CHAsF, and (CH).AsF (3 pages). Ordering information is

value ofr4(As—C) determined previously for Mas is 197.0(3)

pm1° Replacement of one of the methyl groups by fluorine

leads to a shortening of the A€ distance in (Ch),ASF [rg =
195.5(1) pm] and to a further shortening in ¢A$F [rq =

194.9(4) pm]. The AsC distances also invite comparison with

those found in (CH)As; [rg = 197.5(2) pmi® and with the
As—C¢q bond lengths in the arsenic(V) derivatives (§4As
[rg = 197.5(6) pmi® and (CH)sASF, [rg = 189.9(6) pm!

Although changes in the electronegativity of the substituents
are thus found to alter the bond lengths in a predictable man-

given on any current masthead page.
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