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INTRODUCTION

The changes in the bond strength of As—C and As-X bonds in As(CH,); and in
(CH,}zAsX;-n (X = Cl, Br, I} with progressive halogenation have been tentativels
interpreted by means of the data of their Raman spectra and the changes in the bond
distancest-=.

Pauling® has discussed the changes in the bonding characteristics of silicon
tetrachloride and the chlorosilanes in terms of resonance structure contributions.
Some of these structures introduce the conception of a certain amount of double bond
character in the metal-halogen bonds. It is the purpase of this series of reports to
investizate this problem in the group of arsenic compounds mentioned above, by
means of the information gained from physico-chemical data such as: the electrical
dipole momensz, the PMR spectra, the force constants derived from the vibrational
spectra and mass spectrometry. Moreover the series will be completed by the synthesis
and the study of the fluorides as well. The fact that in these arsenic compounds an
unshared electron pair is available on the central atom also confers a special interest
on this study.

In the first part there will be reported on the svnthesis of some of these com-
pounds, the measurement of their electrical dipole moment in diluted solution and in
the gas phase and on the calculation of the bond moments.

EXPERIMENTAL

1. The svrthesis of the broducts
Several methcds have been® 3.5.7 published for the svnthesis of trimethylarsine.
dimethylchloroarsine, dimethyvlbromoarsine, methvldichloroarsine, methyidibromo-
arsine and methvldifluoroarsine. Therefore we will only discuss the svathesis of
compounds for which either a new or 2 modified and improved method was developed.
1. Methyldiiodoarsine. This compound can be obtained by a method similar to
that used for the corresponding chloro and bromo compound:

CH,AsO(OH}, + SO, + 2 HI —= CH,AsI,  + H,SO, = H.O

Sodium methanearsonate (¥ mole) and potassium icdide (z moles) are dissolved
together in 350 ml of water and then S5 ml of concentrated hydrochloric acid solution
1s added. This solution is now poured into a large separatory funnel and a gentle stream
of sulfur dioxide is forced through for several hours. The brown colour of free iodine
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first disappears and soon after that a yellow white turbidity is developed, which
results in an abundant precipitate. The temperature rises by the reaction and the
precipitate soon melts to vield a vellow oil that is collected at the bottom of the funnel
and can casily be separated. Towards the end of the reduction another 85 ml of
hvdrochloric acid solution is added to precipitate all the CH,AsI,. The collected
product iz allowed to solidifv, separated on a sintered glass filter and then dried over
P.O;. The solid product is now extracted with dry ethyl ether until a colourless extract
is obtained. A dark vellow amorphous solid remains. The combined extracts are now
evaporated until CH4AsI, starts to separate from the solution. Then the solution is
cooled to —15° and a crop of needie-like crystals is collected. These can be readily
sublimed in vacuo. The vield of this synthesis was 60°;; m.p. of CH,;AsI,: 30"

2. Dimzthvlfuoroarsine. The svnthesis of this product has not been reported
previousiyv in the literature. Anyv attempt to make this compound by exchange
fivorination of (CH3),AsCl with NH,F, such as is done for CH,AsF,, failed to yield the
fluoride. Also the reduction of (CH,),AsO{ONa)-3H,0 with either H;PO, or SO, in
hydrofluoric acid solution did not yield (CH,j,AsF. Finally the product could be
obtained by the substitution method, but using anhydrous antimony fluoride as a
fluorination catalyvst:

{CHL},AsCl — NHF

33
i (CHatASF + NHCL

55°

Dry crystalline ammonium fluoride (1.5 mole) and dryv antimony trifluoride
(0.15 mole) are mixed with dimethvlchloroarsine (1 mole) in a round-bottomed flask,
equipped with a vigreux column. The reactants are gradually heated up to 857;
meanwhile a stream of dry and oxygen-free nitrogen 1s passed through the apparatus.
The substitution reaction proceeds slowly and the (CHj),AsF 1s distilled out over a
temperature range from 7r to 74°. A carefully observation of the reaction temperature
is necessarv to prevent the chloroarsine of being carried over with the product. The
distillate is then fractionated twice in dry nitrogen atmosphere and at each destillation
a small amount of NH,F and SbF, is added. Finally a pure product is obtained {(b.p.
71.5-727) in a 40 %, vield.

3. Trimethvlarsize. Trimethylarsine has been synthesized by the well-known
Grignard procedure, but instead of diethyl ether the di-z-butyl ether was used. This
allows the direct separation of the arsine from the reactants solution and as the
reaction temperature can be increased the yield is also improved.

In a three-necked, round-bottomed reaction flask, equipped with a retlux
condenser, a stirrer, a thermometer and a separatory funnel, are placed z.4.3 grams of
magnesium turnings and 150 ml of dry di-zz-butyl ether. The contents are heated to
507 and a portion of about 3 ml of a solution of 142 g of methvl iodide in dry di-z-butyl
cther is added. When the reaction is started the methyvl iodide solution is added at
such a rate as to keep the temperature below 45°. Cooling with an ice slush is neces-
sarv. \When all the iodide has been added the cooling bath is removed and the reaction
mixture is heated until all the magnesium has reacted. The flash is then cooled again
with ice and 60.5 grams of arsenic trichloride, dissolved in 150 ml di-n-butyl ether, are
added dropwise. A dry and oxvgen-free nitrogen atmosphere is now maintained. The
reaction takes about 2 h to completion and the stirring is continued for another hour.
The trimethylarsine can now be separated from the reaction mixture by simple destii-
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lation. Two subsequent fractionations under nitrogen atmosphere vield the pure
product {70 °; vield) which has a boiling point of 52°. The puritv of the product was
controlled bv mass spectrometry, gas chromatography and by the PMR spectrum.

II. The detersnination of the electrical dipole monzents
X¥. Dipole smoments of the arsines in dilufed sofulions. The methods and the

apparatus used for these measurements are the same as these used previouslvS.2. All
the solutions were made with the middle fractions of the products obtained by slow
destillation under dry- and oxygen-free nitrogen atmosphere. Dryv benzene Merck p.a.
was used as a solvent. The results of these measurements (uc) are collected in column 2

of Table 1.

TABLE 1
DIFGLE MOMENTS IN DILUTED SOLUTIONS

uc: classical caleulation; g calculation according to the Higasi formula.
Compounds e lin D} g (3 D) Sofvent Ref.
Tempzralure

As{CH,}, i.1o CsH, =35>
CH,)aAsE 237 .34 CeHy 25°
CH,AsF. 2838 .35 C,Hy =257

AsF, 265 C,H, :5° 12
{CH,7.AsCl 2.63 2.63 CsHg =257
CH;asClL, 2 Yo 2.83 C.Hg =25°

AsCly 219 C,Hy =5°

AsCl, 217 C,H, =25° 13
iCH,l.AsBr 251 273 CsH, =25°

CH,AsBr, .06 2,73 CH,; =257

AsBr, 1.66 CCl,  r3* 12
iCH4) .51 2.5¢ 2.00 C.H, 25
CHyASI .30 2.46 CeH, 257

Asl, 0.96 CS. 2537 Iz

|
|

As solutions of trimethylarsine are very easily oxidized by air, reliable measure-
ments of the refractive index and of the density could not be made. For this compound
we therefore had to use the simplified method of Higasi® 191! for the determination
of the dipole moment from dielectric constant measurements only. In order to as-
certain that the result (py) obtained for the trimethvlarsine by this method can be
directly compared with the data gained from the classical procedure, we calculated
the py values for all the compounds and listed them in column 3 of Table 1. The
agreement is very good and thus the result for As(CH,}, is reliable.

2. Dipole moments of the arsiies in the gas plase. For (CHy)aAs, (CH,).ASCL,
CH,AsCl, and AsCl, the electrical dipole moment was also calculated from the data
of the dielectric constant measured on gaseous samples and from the molecular
refraction (R3s) that was determined from the appropriate atomic refractions.

The electrical dipole moments of these polar gases were calculated according to
the general formula

: i
: — M 12
y:o_ox:Sx i (E ! - _d-’—-RJ")T;

£ =2
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where ¢ is the dielectric constant of the gas, measured at a well-defined pressure $ and
temperature 7. By means of the ideal gas low the density d is obtained; M is the
molecular weight.

As the substances under investigation are not permanent gases, a special ap-
paratus was developed to allow measurements on unsaturated vapours at tem-
peratures from 25° to 1007 and at well known pressures p. The dielcometer used in
these experiments was the Dipolmeter DM o1 of WTW (Germany); a gas cell of
special design was, however, used. The technical details of this cell and the measuring
techniques used are reported elsewhere!®. The results are tabulated in Table 2.

TABLE 2

DIPOLE MOMENTS IN THE GAS PHASE

Compounds un (in D) Temp.  Ref.
As(CHagly 1.10 40°
(CH,).AsCl 3.06 go°

CH,AsCL, 2.80 go®

AsCl, 1.96 g9o°

AsF, 2.81 15
AsCl, 2.10 15
AsBr, 1.70 15
Asly 0.96 5

DISCUSSION OF RESULTS AXND CALCULATIONS OF BOND MOMEXNTS

A comparison of the data of Table 1 with the corresponding data of Table 2
shows that the dipele moments in solution are in close agreement with those obtained
on gaseous samples at low pressure. Therefore any extensive association of the solutes
in benzene solution, as an explanation of the rather high values of these moments,
can be ruled out.

I. The bond smoments in pyranidal smolecules of the XY 5 tvpe
For a regular trigonal pvramidal molecule XY ,;, wherein the angle YXY is

known (Fig. 1) the partial moment X-Y can be calculaied from the experimental

Fig. 1. Geometrical model for calculating bond moments from the molecule moment.
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value of the molecule moment X—_Y—:as a function of the angle 8 (Fig. 1) by means of
the simple equation:

—_—
v XY,
{X—YjcosO = 3

In Table 3 we have presented for several pyramidal XY ; molecules the values of the
angle YXY, the corresponding value of 8, the electrical dipole moment as measured on

a gaseous sample and the value for the bond moment N~Y derived therefrom with the
preceding equation.

TABLE 3

BOND MOMENTS DERIVED FROM MOLECULE MOMEXTS

XY, AsF, AsCly AsBry AsTy AS{CH 5,
S YXY 1oz L 27 g3724" = 0.5°Y% 100 = 2718 IQQ -i- 2718 g6 = 3712
63739" 60756" 62°r=2" 62127 359%6”
XY, 231D 2.10 D 170D 096 D r.roD
X-Y 212D 1.44 D .21 D 0.69 D o7 D

The direction of the electrical moment vectors follows from the relative clectro-
negativity differences of the atoms considered, using the normai Pauling electro-
negativities?: As (2.05, F (4.0}, Cl (3.0}, Br (2.8), I (2.5) and C (2.s). This vields the
following series: As-F, As-Cl, As-Br, As-I and As-C. The direction of the total

As—CH, moment is derived simply by taking into account the following three data:

CH, = 0.42%, As-C > 0 and As-CH; = o0.71. So it is evident that this moment must

be regarded as :\.s—CH3 = 0.71 D.

Fig. =. Geometrical moadel for calculating bond moments from the molccule moment.
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I1. The bond moments in pyramidal molecules of the type ZXY »

The arsenic compounds of this kind have 2 sterical configuration that ca be

2310 QISR LOIAPORAAES heod Bud § L0 4 § Liatsis

described as a svmmetrical trigonal pyramid ZXY,. The ancle> YXZ and Y\Y are
known; the Iencth> of the edﬂes XZ and XY are unequal (Fig. 2). From the collection,
hof‘ ever, of molecular parameters, gained by X-ray diffraction and presented in Table
4, 1t can be seen that the YXZ angle is nearly equal to the YXY angle; on the other
hand, we have found that small deviations from these angle values are of minor
influence on the calculated moments and result in deviations which are within the
experimental error limits. Therefore the ZXY, molecules can more easily be treated
as regular trigonal pyvramids withy = 7 YXZ = 7 YXY.

TABLE 4

MOLECULAR PARAMETERS OF THE ZXNY. PYRAMIDAL MOLECULES

ZXY, CHyAsF, (CHy).AsF CHyAsCl, (CHy)sAsCl CHyAsBry (CHy)sAdsBrCHydsI, (CH,)sAsI

LZXY 957 98 = 370 g6 g6 = 3% ¢8° 98 = 40
YXY 98°24" 967 100° 96° 100° 96°

v 93° 95° 987 93° 93° 9s8° 98¢ 987

a0 102°15° 102715 102715 102315’ 102°15" 1027135" 102°15° 102715

The molecular electrical moment can be expressed as a function of the angles »

and (@ - 0) and of the bond moments XY and X-Z by equation:

—— »

(ZNYLt = 2 XYicos 3y (N2t — N VN2 cos $srcosT180° — (@ = 01

- -

By assuming a reasonable value for one of the bond moments, the other can thus be

—_—

calculated. If we assume that the As-CH, moment remains nearly constant on
prograssive substitution of methyl groups by halogen atoms in the As(CH.,), molecule,
the arsenic~halogen bond moment in each molecule can be derived from the respective
experimental moments. The data obtained in this way are presented in Table 5. It is
evident that this bond moment increases with decreasing number of halogen atoms
bonded to arsenic. The relative changes are rather weak for fluorides and br~come
stronger for chlorides, bromides and iodides in this order.
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SUMMARY
To explain the molecular parameters of silicon tetrachloride and related
compounds, Pauling suggested resonance structure contributions.

Information on analogous bonding characteristics in (CHj)pAsX;—n (X = F,
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TABLE 5
MOLECULE AND BOND MOMENTS IN D

AsF, CH AsF, (CH).AsF {(CHjg)yds
73 2.81 2.838 2.37 .10
—
As—CH, 0.71 0.71 o.71
As—F 212 z2.25 2.39

AsCig CH4sCl, (CH,).AsCl (CHy)zAs
u 2.10 2.8o 2.68 I.I0
:Is——C};; o.7I 0.7I 0.7I
-—_'—-L'
As-Ci 144 2.18 2.7z

AsBr, CH,4sBr. (CH3).AsBr {(CHgy),As
Iz 1.70 2.66 2.71 1.10
B ———
As—-CH4 0.7% o.71 o0.71
As-Br .21 2.07 2.75

Asky CHyAsI, (CHladsI  (CH,)yds
" 0.96 z.30 2.54 I.I0
D
As—-CFi, o.7I 0.71 o.71
:-I—S:f 0.69 .78 2.57

Cl, Br, I} can be gained from electrical dipole moments, PMR spectra, force constants

and mass spectrometry.
This paper deals with the measurement of the electrical dipole moments in

diluted selution and in the gas phase, and the calculation of bond momeants for these
compounds.

Moreover some improvements are reported in the syvnthesis of methvldiiodo-
arsine, dimethvlfluoroarsine and trimethylarsine.
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