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Abstract—Analysis of the dipole moments of N-trime vvlammomobenumldates Me;N-NCOCH X, withX = H, p-F.

p-Clor p-NO, and of N-aroyiumnodlmethylsulphur(l

) Me;S=NCOCH X (X = H and p-NO,) shows that, as solutes,

these compounds exist in the syn conformation. Models are proposed for N-trimethylammonio-orthochioroben-

zamidate and N-orthocyanobenzoyliminodimethylsulphur(IV). The (Me,N-N) and (S=N) dipole moments, and the
(N-C-O) and (S=N-C=0) mesomeric moments, are derived and discussed.

N-Trimethylammoniobenzamidates Me;N-NCOAr, also
known as aminimides,’? are isoelectronic with amine-
oxides and also the closely related nitrogen ylides. As the
N atom cannot use its 3d orbital in N-trimethylam-
moniobenzamidates, their N-N bond is quite polarized
and these derivatives are to be distinguished from the
ylides such as Ph,P = CHCOAr and Ph,As = CHCOAr
in which some double bond character exists between the
heteroatom and the adjacent trigonal C atom.>*

N-Benzoyliminodimethylsulphur(IV)  Me,S=NCOPh
alsois a compound of great chemical interest having, like
sulphur-ylides,” a tetracovalent S atom.

X-Ray diffraction structures of two N-tnmethylam-
moniobenzamidates, with Ar=p-BrCH,® and Ar=
CeHs'* and of N-benzoyhmmodunethylsulphul(lV)
have been published showing that, in the solid phase,
these compounds all exist in the syn conformation (Figs.
1 and 2).

'H NMR spectra. of N-trimethylam-

monioimidates Me,N—NCOR, with R=H, Me, Ph and
OMe, recorded in deuterochloroform are not dmgnost:c.
indicating either that the ylide system is locked in one

various
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Fig. 1. Conformations syn and anti for N-trimethylammonioben-
zamidates. and calculated vectors for their proper dipole moments.
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Fig. 2. Conformations syn and anti for N-benzoyliminodimethyl-
sulphur(IV), and calculated vectors for their dipole moments.

unspecified conformation, or that rotation around the
bond between N and the carbonyl C is extremely facile
at low temperatures.

A large mesomeric effect in the (N—C-O) group of
N-trimethylammoniobenzamidate is to be expected
because the unit negative charge lowers, by 0.33,' the
nitrogen electronegativity x(N)=3.0; additionally N,N-
dimethylamides are known to exhibit a rather high
mesomeric moment."!

To our knowledge, the dipole moment of N-trimethyl-
ammoniobenzamidates and of N-benzoyliminodimethyl-
sulphur(IV) have not been determined,'>'* and this fact
prompts us to make this study in order to elucidate the
conformation of these compounds in (benzene) solution
and to determine the mesomeric moments of the
(N-C=0) and (S=N-C=0) groups.

DISCUSSION

Table 1 lists the dipole moments of the compounds
studied in the present work.

It is well known that preferred conformations in dilute
solution may differ, in some cases, from those found in
the solid phase. For instance, 1,4-dimethoxybenzene as a
(benzene) solute is an equimolecular mixture of planar
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Table 1. Dipole moments of N-trimethylammoniobenzamidates
and N-benzoyliminodimethylsulphur{IV)t

p(benzene),
No. Compound D
1 N-trimethylammoniobenzamidate 5.7
2 N-trimethylammonio-
parafiuorobenzamidate 6.58
3  N-trimethylammonio-
orthochlorobenzamidate 534
4  N-trimethylammonio-
metachlorobenzamidate 6.04
85 N-trimethylammonio-
parachlorobenzamidate 6.62
¢  N-trimethylammonio-
paranitrobenzamidate 9.28%
7 N-benzoyliminodimethyi-
sulphur(lV) 451
tAt 27.0°, and for ;P + ,P=R,.
$1n dioxan at 27.0°.

cit and trans conformers,’*'* whereas as a solid it exists
in a planar trans conformation.'

The conformation in solution of N-trimethylam-
moniobenzamidate

From the NMR results in CDCly (¢ = 10-15%), it is
evident that N-trimethylammoniobenzamidate exists in
an unique conformation (syr or anti) as the benzoyl-
group rotational barrier around the (N-CO) bond is
presumably higher than the N-dimethylamino-group
rofational barriers in N,N-dimethylbenzamide or N,N-
dimethylformamide—known to be 16 and 21 keal mol™*,
respectively'”""—on account of the influence of the unit
negative charge formally on the N atom. Moreover, on
the sole basis'® of the dielectric permittivity of the
medium, the population of the more polar conformer
must decrease and, consequently, that of the less polar
which is syn-shaped must increase, in passing from
deuterochloroform (e = 4.7) to benzene (e =2.3).

In the following, m is the mesomeric moment of
benzaldehyde and m* that of the benzoyl-group in N-
trimethylammoniobenzamidate. Additional moment, due
to the substituent, in p-substituted N-trimethylam-

-+
moniobenzamidates p-XCH,CON-NMe,, is designated
by u*(Ph-X) whereas in p-substituted benzaldehydes it
is u#'(Ph-X). Both u*(Ph-X) and u’'(Ph-X) figures can

differ from the dipole moments of substituted benzenes, .

#(Ph-X).

The assumption that m*=m and hence u*(Ph-
CHO) = u(Ph-CHO) implies no competition between
(N-C=0) and (Ph-C=0) mesomeric effects in N-tri-
methylammoniobenzamidate. This is improbable and, as
the formyl group rotational barrier in benzaldehyde is
ony 7.6 kcal mol™',*® m* is likely to be markedly smaller
than m. In this respect, it is interesting to note that
N,N-dimethyl p-bromobenzamide® is not planar in the
solid phase, and characterized by C-N and C,~C rota-
tional angles of 9°18’ and 45°3(’, respectively. Reduction

tSome moment reduction is likely to occur in passing from
#(Me-N} to u({Me-N), but it would be compensated by the
nitrogen hybridization moment being 0.14D greater when N is
trigonally bybridized.**" Being small, the C-N ionic moment is
not subject to marked increase.™
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of m to zero leads to the extreme solution ux*(Ph-
CHO) = u(t-Bu-CHO) = 2.66D acting at 12°41' to the
€O bond.®

Since 0<m*<m, p*(Ph-X) should lie between g
and u’ values as (X, O)-interaction moments paralle! the
actual m(Ph-CO) values.®

Taking 4 (Ph-CHO) = 2.99D,” acting at 34° to the Ph-C
bond,' analysis of the dipole moments of p-fluoroben-
zaldehyde (1.98D,* recalculated), p-chlorobenzaldehyde
(204D”) and p-nitrobenzaldehyde (2.49D,"* recal-
culated”) leads to u'(Ph-X)=1.41, 1.31 and 432D,
for X=F, Cl or NQ,, to be compared with u(Ph-X)=
1.48D* (recalculated), 1.59D," and 3.98D in benzene,
4.04D in dioxan (Table 2).

According to whether x*(Ph-X) is taken as equal to u
or u', the angle (designated as & or @) that the dipole
moment of N-trimethylammoniobenzamidate makes with
the C-Ph bond axis is 31, 36.2 or (0°), 21°, 20° or 29°, as
calculated from the dipole moments of p-fluoro-, p-
chioro- and p-nitrobenzamidates (Table 1). From these
results, the best value for the angle is between 33 and
25° say 6*=30+5°, Hence, the dipole moment of N-
trimethylammoniobenzamidate is directed as u! or u?, u!
or u; (Fig. 1).

#, and p, vectors can be expressed as

+ - -
# = p(MesN-N) + u(Me-N) + u*(Ph-CHO)+ M,

where M is the (N-C=0) mesomeric moment.
Knowledge of the directions of M and the gross vector
#, and of the pertinent geometrical parameters,® allows

both u(Me;N-N) and M to be determined. Taking
#(Mo-N) = u(MesN) = 0.86D,  u*(Ph-CHO) = u(Ph-

CHO), one evaluatest

(a) p(Me;N-N)=+7.5£0.1D, M =14203D, if p=
P ..

(b) u(Me;N-N)=+7.320.1D, M=-(37+03)D, for
8= g

*

(€) #(Me;N-N) = 17D, M = —11D, if p = a,
(d) u(Me;sN-N)=—14D, M = ~SD, for p = u.

. -

Since both u(Me,N-N) and M must be positive, the
only acceptable solution is that written in (a), showing
that N-trimethylammoniobenzamidate exists, as a ben-
zene solute, in the conformation syn. Similar dipole
moment analysis has shown that, as benzene solutes,
benzoylmethylene triphenylphosphorane® and triphenyl-
arsenane* also exist in the syn conformation.

Taking u*(Ph-CHO) as g(t-Bu-CHO) leads to

p(Me;N-N) = 69D, M =0.8D, for g = u!,

The M mesomeric moment (1.4:+0.3D) is in rough
agreement with that in N N-dimethyformamide, 1.7D as
obtained by comparing the dipole moments of N,N-
dimethylformamide (3.86D) and formaldehyde (2.34D)."!

N-Trimethylammonio o-ckloro- and m-chloroben-
zamidates

o-Chloro- and m-chlorosubstituted N-trimethylam-
moniobenzamidates can exist in a number of sub-con-
formations characterized by a phenyl rotational angle

around the Ph-CO bond axis, among which the (O, Cl)-



A dipole momeant study of N-trimethylammoniobenzamidates and N-benzoyliminodimethylsulphur—IV

cis and (O, Cl)-trans planar conformations benefit from
full (Ph-C=0) conjugation energy.

From u(Ph-Cl) = 1.59D, and u = 5.27D acting at 30t
5° to the C-Ph bond, one obtains:

o-Chloroderivative:  u(cis)=5.5+0.1D, u(trans)=
40+0.1D;

m-Chloroderivative:  u(cis)=6.7+0.1D, u(trans)=
5.5£0.05D.

Unexpectedly, since o-chlorobenzaldehyde exists in
the conformation trans,’* N-trimethylammonio-o-
chlorobenzamidate appears to prefer the cis confor-
mation since its dipole moment is 5.34D. The calculated
moment for the orthogonal conformation is as high as
6.1£0.1D. Of course some rotation of the phenyl group
around the C-Ph axis is not precluded, but the CI atom
prefers to lic near the O atom. This may be due to the
(Cl,O)-trans conformer being disfavoured by strong
(N, CI) repulsive potential.

The dipole moment of N-trimethylammonio-m-
chlorobenzamidate (6.04D) is consistent with a mixture
of planar cis- and trans-conformers, existing in the con-
formational ratio (trams)/(cis) =(57+5)/(43FS5). m-
Chiorobenzaldehyde is a mixture of both conformers
with the trans the more stable (56%).'*

The conformation in  solution of  N-ben-
2oyliminodimethylsulphur(1V)
In the solid phase, N-benzoyliminodimethyl-

sulphur(IV) is characterized by the following features
(Me'-S=N-C) = 168.6°, (Me"-S=N-C) = 87.4°; Me'SMe" =
101° (that is near MeSMe angle in Me,S = 100",
Me’SN ~ Me"SN (99.5 and 104.2°).

With the assumption that x*(Ph~-NO,) equals pu(Ph-
NO;)=398D or p'(Ph-NO;)=4.32D (see p. 558),
dipole moment analysis of  N-p-nitroben-
zoyliminodimethylsulphur(IV), 7.7D,” shows the electric
moment of N-benzoyliminodimethylsulphur(IV), 4.51D,
to act at 49.3 or 58.6° to the C-Ph bond axis (Fig. 2). In
the subsequent calculations, the angle adopted is 6* =
55x5° and u(Me,S=NCOPh) was assumed to lie in the
Me’SNCO plane since u(Me"-S). sin (180°-102°) is cer-
tainly much less than the resultant u(S=N)+ u(Me'-S)+
[ (Me"-S) . cos (180°-102°)] . v.

u(Me'-S) and pu(Me"-S) are equal o
#(Me2S)/(2 cos 50°) = 1.13D. Thus, the plane component
of the gross vector is u, =4.37D, at nearly 55° to the
C-Ph bond axis.

The . vector can then be expressed as

#oL = p(Me-S) + [ (Me"=S) - cos 78°] - v + u(S=N)
+ u(Me~N) + u(Ph-CHO) + M(S=N-C=0),

where M denotes the mesomeric moment of the (S=N-
C=0) group. Taking u(Me-N)=0.86D, u*(Ph-CHO)=
u(Ph—-CHO), one derives:

(a) u(S=N)=3.6+0.2D, M =2.2+0.2D, if x = u.,
(b) u(S=N)=8.6+0.3D, M =—6.1+0.3D, for p = ul;
(c) p(S=N)=-120%0.5D, M = 10602, if u = u;,
(d) u(S=N)=-6.5+0.6D, M =1.0£0.7D, for u = u}.

tThe (N-O) bond moment has been deduced from the
experimental dipole moment of isoxazolidine. It does not contain
a term due to the hybridization moments of the bonded atoms, as
#x(0 3p%) ~ u,(N sp”), 1.6 and 1.7D.®
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Clearly the only acceptable solution is that cor-
responding to hypothesis (a), and this implies that the
compound does exist, as a benzene solute, in the syn
conformation.

Taking u*(Ph-CHO)= u(t-Bu-CHO), and pu=p,,
leads to u(S=N)=3.2+0.2D, M =19+0.2D.

There also exists the possibility that, due to the pecu-
liar shape of Me,S=N group, the unique sulphur lone pair
orbital is not hybridized. In the event that thig limiting
situation holds, each Me-S group should possesss a
dipole moment equal to 1.13 —[u, (S, 100°)/(2 cos 507)) =
—0.88D, where u, designates the hybridization moment
of combined sulphur,® and derived values for u(S=N)
and M are 3.2+ 0.2D and 4.5+ 0.2D, respectively. Thus,
in this case cancellation of u,(S) affects little the derived
#(S=N) value.

N-o-cyanobenzoyliminodimethylsulphur(IV) can exist
in a number of conformations. Its high dipole moment
6.29D* favours a model in which the CN group is more
close to the CO group, since

plcis)=12x0.2D, u(trans)=0.610.2D,

as calculated using u(Ph-C=N)=4.05D."” In order to
make the measured dipole moment compatible to that
calculated, a twist (O, CN)-cis model by a 59+ 5° phenyl-
rotational angle is in order.

The Me,ﬁ-ﬁ and Me,S=N dipole moments
(1) As deduced from the dipole moment of N-tri-

methylammoniobenzamidate, u(Me;N-N) is 7.5+0.1D,
and it contains an axis component equal to the trigonal-
nitrogen hybridization moment.” Since u,(Nsp?) -
sa(Nsp® = 0.14D,* one has

w(MesN-N) = u(Me;N) +0.14 + w(N-N)
= 1.0+ x(N-N)

whence p,(N-PjJ) =6.5+0.1D, which compares fairly well
with the theoretical value (4.8) x 1.47 = 7.06D.

As up(N-C) is estimated to be 6.5— u(C-N)=6.1D,
analysis of the high dipole moment found for N-pyri-
diniumcyclopentadienylide (13.5D'?) is consistent with a
mesomeric moment (due to negative-carbon lone pair
delocalization towards the cyclopentadienylide ring)
equal to 7.0D,

M = p — [u(N-N) + u(pyridine) - pn(N $p*)]
=13.5-[6.1+2.20—1.78].

On account of the possible (ylidicesylene) character of
their S'™C, PYC and As'C bonds, sulphonium-
phosphonium- and arsonium-cyclopentadienylides exhi-
bit much lower mesomeric moments, of 1.5-2.0D.5™
Despite trimethylamine oxide contains the (N-O) bond
moment, which is ca 1.0D, its dipole moment (4.87+

0.15D or 5.02D") is inferior to that of (Me,N-N), 7.5+
0.1D.t This can be partly understood by assuming that
#x(0) is less than u, (N sp?), due to no hybridization, or
less (s, p) mixing, of the lone pair orbitals of the terminal O
atom.

(2) Due to the approximate character of the treatment,
and some uncertainty in the M direction, the (S=N) bond
moment given above (3.6 £ 0.2D) is not very precise.
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Eliel et 0l have derived the following figures of
#(8=N), 3.59, 375, 401, 440 and 4.63D, from
#{Me;S=NC.H,X)=5.53, 5.88, 6.11, 8.94 and 10.1D for
X =p-F, p-Cl, p-Br, p-CN or p-NO,, by taking u(N-
CHe-X) as deduced from p(p-XC,HNH,). This
assumption is not adequate as the trigonally-hybridized
nitrogen lone pair cannot conjugate with the phenyl ring
which in these molecules, especially in the p-nitro
derivative studied by X-ray diffraction,” is coplanar with
the (C,,NS) plane. Consequently, a better assumption
concerning the (N-C.H~X) moments is to suppose

#(N-CH X) = u(Ph-X)
- [p(mesil%‘-N) +ua(N p%)
= pa(N sp7)] '
= u(Ph-X) - (1.24 4+ 0.14),

where u(mesityl-N) is derived from non-conjugated
N,N-dimethylmesidine.’* By so doing, and taking uu(Ph-
X)=1.48, 1.59, 1.56, 4.05,'* and 3.98D, dipole moment
analysis of Me,S=NCHX derivatives leads to
#(S=N)=38 or 48, 5.1 or 6.2, 5.2 or 6.4, 6.4 or 8.0, and
7.7 or 9.2D, according to whether u(Me-S) is taken as
+1.13 or ~0.88D (p. 559). The differences between these
values and u(S=N)=36+02D as derived from
p(Me;S=NCOPh), may be due to the (S<N-Ar)
mesomeric moment being ignored. That the apparent
#(S=N) figures are much greater when deduced from
derivatives having strong electron-attracting substituents
(p-CN and p-NOQ,) supports the presence of (S=N-Ph)
mesomeric moments and the existence of (S=N...CaN)
and (S=N ... NO,) interaction moments, Benzylidene-p-
nitraniline (4 = 5.71D™) exhibits & (C=N...NO,) inter-
action moment of 1.0D.

The relatively high value of u(S=N), as compared to
#(C=N) = 1.4D,” is probably chiefly due to the weakness
of (2pw-3dw) bonding. Simple Hiickel calculations
show that decrease in #-bond energy results in an in-
crease of the -bond moment. Taking a(A) =0, a(B) =1
and B(A=B)=2 or 1, all in B units, leads to u.=
0.24 x (4.8)x R and 0.46 x (4.8) X R Debye units, respec-
tively.

As u(8-N) probably is slightly greater than u(C-N)=
0.4D, 0.5D say, u.(S=N) would be ca 3D, suggesting the
{S=N) =-bonding to be highly ionic in character, ~40%.
This is in reasonable accord with the value (55%) found
by X-ray photoelectron spectroscopy.™

tPart of the (X,-X,) difference is due to assumptions in the
additivity computations. The given X, figure should be
diminished by u'(CH-N)- u(Me-N)=1.18-0.86 = 0,32D. The
discussion in reference* on the dipole moments of ethylene- and
trimethylene-sulphurdiimides should be revised (see the present
text).

HzC —— CHy

N
BV

8
Ethylene~ sulphurdiimide
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Analysis of the known® dipole moments of ethylene-
sulphurdiimide and trimethylene-sulphurdiimide (1.24
and 2.24D) can afford a value for x(N=S=N) (Fig. 3).

The dipole moments of ethylene-sulpburdiimide 8 and
of trimethylene-sulphurdiimide 9 can be expressed as

#(8) = [’ (CH-N) + pa(N 5p%) — ua(N 5p”)] - (s +w2)
+ m(CH2-N=S) - (v + v3) + X,

#(9) = [p"(CH-N) + ua(N sp™) — us(N 5p”)] - (s + 83)
+ M(CHrN*S) v+ v2)+ Xs.

where  u'(CH-N) = u(N-pyrrolidino)/2 cos 55°= 1.18D
{from N-methylpyrrolidine,™ 1.10D), p"(CH-N) = u(N-
piperidino)/(2 cos 55%) = 0.80D (from N-methyl-
piperidine,*® 0.82D), g4 (N sp*) — ua(N sp*) =0.14D, m is
the hyperconjugation moment of (CH~N=S) taken as
u(propene) = 035D, and X or X, the (N=S=N) group
moment in the molecules.

Analysis of u(8) leads to X5~ 2.0D. Assuming that
exists in a chair conformation, one derives X,~0.8D,
from u(9).t By adding the moment of 2-chiorocyclo-
hexane (2.2D) to that of u(9) gives ;.;(9)~0.TD, which
compares well with the experimental™ value (0.75D).

These two X figures are much lower than expected on
the basis of x(S=N)=3.6D. This experimental fact can
be explained by the following:

(i) The dipole moments of geminal CX, groups are
markedly lower than calculated from u(C-X), for in-
stance'? u(H:CCl) = 1.5D, u(CH;-C) = 1.9D; u(SO) =
1.6D in SO,, whilst £(SO) from x(Me,S0) = 39D is 2.9D.

(i) The sulphur hybridation moment in sulphur-dii-
mides is much greater than that in Me,S=NCOPh (and
Me,;S=NAr), and it is equal to ua(S sp*}=2.7D7

EXPERIMENTAL

Materials. Cryoscopic R.P. Benzene (from “Prolabo™, Paris)
was recrystallized and dried over metallic Na: at 25°, d, = 0.8737,
np = 14982, €=2274]1 (assumed). p-Dioxan, from “Eastman
Kodak” (Rochester, N.Y., US.A) was refluxed 12hr with
metallic Na, recrystallised twice, and dried with metallic Na: at
25°, d, = 1.0284, ny, = 1.4982, ¢ = 2.210 referred to ¢ (benzene) =
2.2741. Pure nitrobenzene, from “Prolabo”, stirred with Br,,
washed with NaOH and with water until neutrsl reaction, and
dried with CaCl,, was further distilled (b.p.=87"/1Storr): at
20°, d,=1.2035, = 1.5528, in sccord with best dats from
Titerature.”’

Trimethylammoniobenzamidates 1-§. These were prepared as
follows: To an ice cold soln of N ,N-dimethylhydrazine (2.49g,
0.04M) in dichloromethane was added sequentially and with
stirring dicyclohexylcarbondiimide (8.24 g, 0.04M) and the car-
boxylic acid (0.04M) portionwise.®® After 12hr the precipitated
urea was filtered off and the filtrate was extracted with 4N HCl in
order to free the hydrazide, as its hydrochloride, from residual
urea. The hydrazide was then regenerated by addition of base
and extraction into methylene chloride. Removal of solvent gave

c—x
N— CH27
S/¢N——-—<:Hz
(X=Hor Cl)

Pond 9

Trimethylsne-sulphurdiimides

Fig. 3. Sulphur-diimides examined by Kresze and Grill,*
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crude hydrazide ArCONHNMe,, which was recrystallized from
EtOAc, m.p. and microanalytical data are given in Tabie 2 (the
hydrazides are indicated by the suffix H).

The hydrazide was dissolved in chioroform and excess Mel
was added; the soln was stirred overnight and the precipitated

hydrazonium iodide, ACONHNMe,I®, fitered off. This was
used directly in the preparation of the benzamidate. The solid
jodide was treated directly with an equimolar quantity of N
Na2OH aq and then extracted into chloroform (3 X 200 ml). The
combined chloroform extracts were gravity filtered through a
sintered glass funnel. After removal of solvent from the clear
soin the beazamidate was obtained, thnwuthenmrymlhud
from EtOAc. M.ps and microanalytical data are presented in
Table 2.

Bazoylmmodlmahylulphnr(IV) was prepared according to
Swern.”

Physical measurements. The dipole moments were measured
in benzene (or dioxan) at 27.0°, for the laboratory temp is
normally 22-24°. The total polarization of the solute, extrapolated
to infinite dilution, was calculated from the ratios*'

- 0 v - v,
a‘(l-"-!:)" wd p= Iw

where w is the weight fraction of the solutc, ¢ and v are,
respectively, the dielectric constant and specific volume of the
solutions; subscript one refers to the pure solvent as used, i.c.
prepared in the same way as the solutions. The a, value has been
determined by least-squares analysis of the ¢(w) polynomial
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function (linear or, in some cases, quadratic). A Sartorius mi-
crobalance was used to make the solutions. Specific volumes
have been accurately determined with a Digital Microdensimeter
DMA 02C (Anton Paar KG, Graz, Austria). The distortion
polarization 4P+ ,P was assumed to equal the molecular
refraction of the solute (Rp). Differences between the refraction
indices of solutions and the solvent were measured using a
thermostated “VEB Carl Zeiss™ interferometer (from Jena, D. D.
R.). The technique for the measurement of dielectric constants
has been described elsewhere. 24

For each solute examined, w,,, (reported with only three
decimal points), ap, 8, Py.. Rp and u (in Debye units) are given
in Table 3.
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