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AN LNIOTLGATICE OF T DIvOLE K@ TS COF SV AL 52138
QF ISATUNLTED ClpUllils
AR ABCTHACT
Dospite the groat thooretical Inportance of ths eloctric dipole
noment in the interprotation of tis properties of many nolecules,
very little work of tiis kind has beon done with aliphatis caapounds
containing triple bonds, The purpose of the work described here is
to moasure this property in several series of substituted allgmes
and related alkenes, and to present a theorstical interpretation of
the results of these moaswrenents, The series measured included some
of the allyl and propargyl t/pe halides, etiers, and alochols, and
& fow othar closely related compounds,
A brief outline of the proocedure which wus used in tiis work is
as follows
1) Preparation and parification of the caupounds,
2) Determinetion of the refractice indices of the pure liquids
at 25'C with an /bbé refractamster,
3) Preparation of a sories of dilute salutions of the caupound
in benzens and the detemination of the densities of these solutions,
k) keasurement of tho diclectrie constent of the solutions by
the heterodyne-boat mothode®
5) Caloulation of the dipole moments of the campounds by the
mthod suggested Ly Halverstadb and hmlu'.z
The dipole maments of the propargyl and allyl halides were found
%0 be appreaiably lowsr than the moments af the corresponding exturated
mpou.mh.s It wna also found thot there is an appreclable increase
in the dipole nmaments along the series

Ciiy Cci3
HC 0 ~ Cll,Br e ¢ -~ G oy HC % ¢~ € D,
B Cil3



shich 18 greater than ¢on be accounted for by polarisation of the
Cily= groups Ly the C=Br bond,

In considoration of this evidonce the folloving hyperconjugation
styctire was proposed us one of ths contributing structures for this
type of capounds

b4

rxcg-c-ﬁ—x > mgczg-x

e | Hg,

A similar structure was proposed for the allyl campounds, This type of
structure has been mentionsd previously for methyl acetylens, 4

The dipole momonta found for the propargyl «wpe h:lides might also
be interpreted as being partially due te ths greater electronegativity
of the carbon atuas in tie acetylenic group., Dowever the evidenoe
presented &8 insufficient to pormit tie drawing of definite conglusions
regarding tniss

An attenpt was made to caleulate the dipole moments of propargyl
otlyl ethor and the alcchols corresponding to tie brumides montioned
sbove bty assuning hyperconjugation structures similar to that alrexdy
propesed , and by also essuning that tie mognitude of the contribution
dthuatmcmmiatzmmaathammtudaolft}mmw
nethylacetylane, The results of tiese caloulations were inconclusive
in the case of the etliery but were in good agrecment with the moments
determinod for the aleohals,
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INTRODUCTION



I INTRODUCTION

Despite the great theoretical importance of the electris dipole
moment and the largs number of measurements whioh have been made, very
ntﬁo work has been done with aliphatic eompounds eontaining triple
bonds, The purpose of this work is to measure this property in a series
of substituted alkynes and the related alkenes, and to present a thsoreti-
oal interpretation of the results of these measurements,
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IT Tasoart™?

For this discussion we may econsider & molecule as a system of atoms
in whieh the slestrons act as if they were logated in certain definite
positions, If the eenters of action of the positive and negative chargss
do not eeincide the molesule is said to be polar and it tends to orient
iteelf in an elsctric field as would any objest comtaining separated
electric charges. The dipole moment is a quantitative measure of the
polarity of & molesule of & substance and is defined by

A = Er,

where «- represents the magnitude of the dipole moment, E the total
magnitude of ons of the sharges (either positive or negative) and r
represents the distance between the centers of action of the charges,
This definition assumes that the molecule is electrically neutral,
Since this discussion is concerned only with neutral molecules and not
with ions the assumption i3 valid.

It is cbvious from the definition that the dipole moment is a vestor
uantity possessing all the usual attributes and being subject to all
thi usual manipulations which may be applied to such a quantity, Thus
the total dipole moment of any molecule may be considered to be the
vestor sum of the moments of all the individual bonds in the molecule,
8ince the charges on a molecule are of the order of 10°2° ¢su and the
intramolecular distances ars of the order of one angstrom unit, the



magaitude of the dipole moment is of the order of 1072°® esu, or one
Debye (D).

Nost of the common methods of measuring the dipole moment of a
substance depend upon & measurement of dielectric constant. The
electrons and nuclei of a molecule are displaced from their mean
positions 4n an electiric field so that both polar and nom-polar molecules
will become polarized, This polarization will correspond to individual
moments m, and m, where ne is the moment induced by the displace-
ment of the electrons and m; 1s the moment induced by the displacement
of the nuclei by an eleciric field. If a unit field induces the moments

ui and -A{ in a mon-polar molecule, and if F is the field strength

;'("i eml) ¥

where m 1s the moment due to ﬁolurization.

If the molecules in the field also have a permanent dipole momsnt
they will orient themselves in such a way that a slight excess of them
will be directed against the field at any time, The magnitude of this
effect varies inversely with temperature, These molecules produce &
further moment mg , which is the orientation polarization. This was

evaluated by Debys®s:? ag

where k 4is the Boltzman constant and T is the absolute temperature,

s, gt (pen e ) .



To obtain A we must have another expression for m,/F. This can be
obtained!! by a eonsideration of the definition of the dielectric constanmt
and the foree acting upon & unit charge in a spherical eavitiy in a di-

electric which has been placed in an electric field.

B, LM 3 e-1,
F KT Te 2
where € is the dielectric constant, M 1s the molecular weight, d is
the density and N is Avogadros number,

Combining the last two equations it now follows that

L Ry

The left hand equation is the total molecular polarisstion (Py) of the
substance and is the sum of three terms which are the electronic, atomic
and orientation polarizationss P, P,, and Py, It should be pointed
out that in the above derivation the assumption i1s made that the electric
eharge is in a vacuum and thus these calculations apply best to a gaseous
dielectris,

It 1s obvious that if instead of using a steady field in these
caleulations an alternating field is used, 88 the frequency is increased
it will reaeh & point at which the inertia of the molecules prevents them
from rotating with the field. Thus the term for =gy will eventually
disappear. Similarly, the moment dus to atomic polarization will also
disappear, Using Maxwells relation € = n®  where n is the refractive
index at infinite wavelength,



n® -1 X
n® +2 d

Pe

= The molar refraction (MR).

In actual practice when the refractivity method is used it is usually
assumed that |

PE*PA » HRD.

unn is the molar refraction measured at the frequency of the sodium "D»
line. The error introduced by the inclusion of P, in this equation tends
to cansel that introdusced by the fallure to extrapolate n to infinite

wvavelength, P is obtained from dielectiric sonstant measurements made &t

lower frequencies, It follows that:

3
PO.P-N_RD. A |

At 25°%C1- a = 0128 V258.18 Gr -ﬂn)

As an approximation the above formulas can be applied to dilute
solutions of polar solutes in nonpolar solvents, When this is done the
polarization of the solute at a particular soncentration is obtained as
follewss

fl‘ - 1 H;f; +* K.f,
P.f‘ - - P]_flo
€1a ¢ 2 dya

Where 1 refers to the solvent, 2 to the sclute, 12 to the solution
aad £ 4s the mole frastion, P, 4s the total polarisation term for

the monpolar solvent, When a series of P, values are obtained at
varicus concentrations they can be extrapolated to infinite dilution (Py).
Using this valuse A 1s caloulated as indicated previously.



In dipole moments obtained from measurements of this type an error
is introdusced by the assumptions in the derivation of the equations which
is uwsutlly assumed to have a maxizum value of a few tenths of a Desbye
n1t6 although in some cases it is appreciably higher, especially if the
compound vhose moment is being determined forms solutions which are
slightly oondueting,

The precision of this method is 0.1D or less, The difference betwsen
the value of the moment determined by measurements in the gas phase and
those made by measurements in dilute solutions of nompolar solvents is
usually not greater than 0.2D,22 the gas phase moment ordinarily being
higher. It is obvious that comparisons of dipole moments which have
been determined by the same method are much more valid than somparisons
of moments which have been determined by different methods, In this work
it has been necessary to refer to many dipole moments determined previously.
Wherever possible values were selected which were determined in bensens

solution at 25° c.
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IIX CALCULATIONS

Yor the purposes of this work the ealculations were modified
slightly according to the method suggested by Halverstadt and !unlcrla
who have shown that plots of ¢ and 1/d versus the mole fraction of
solute are essentially straight lines 4in dilute solutions and have sug-
gested that the value of Pt.oo calculated from these extrapolated values
will be essentially free of error dus to small smounts of impurity in

the solvent., The actual equation used is determined as follows:

Pas * S22° 1.2 . P,s is the specific solute
61' + 2 d

polarization at a specific concentration, This equation follows h-edinto;y
from those presented previously.
The equations '

and
vis * v+  gUa

follow
from the straight line relationships mentioned above, €' and v' are
the dielectriec constant and specific volume at infinite dilution, The
slopes of the straight lines are « ! and pP', and W 1is the weight
freotion of solute, |

Solving and eliminating ¢ ;5 and v,5 , then

! v? €' -1
Proo *evvam + (V') a7



Or, in terms of mole fraction

oL v

é-.l
Pm. € + Hlf (Mav +Hlﬁ)€¢§ ’

where € , vV , « , @ have the same significance as the primed values in
the previous equation., This equation is the one which is used in the
ealculations in this work,

A brief outline of the actual procedure in calculation is as follows:

1) The molar refraction is calculated from the measured values of
the refractive index and density for the pwre solute by the
equation indicated previously,

2) The cell constant, relative to bensene as standard, is determined
by measuring the capacity of the cell at 25°C with air, then
benzene, as the dielectric.

Cell constant = Cair =C__
€s: =1
The value 2,2725 for the dielectrie constant of bensene is used
throughout,

3) The valuss of ¢ ,5 at various concentrations are determined by
meaguring the capacity of the cell with air and then the solution
as the dielectric at 25°C.

’(Cu.r - Cgolu) + cell const,
cell const,

L) The density of the solutions is determined at 25°C,
S) The values obtained for € ;5 and Vi3 are plotted against the
mole fraction of solute (X;) and the slopes x and @ are

determined, These graphs are shown at the end of the experimental

section,



6) Py,, 18 calculated by the use of the equation indicated above,

7) The dipole moment {s calculated froms~
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IV EXPIRDMINTAL

Refractive Indices

The refractive indices of the pure liquids were determined at 25°C
with an Abbé refractometer.

Dengities
Densities were determined with a modified Ostwald pycnometer at

25% .28

Dielectris Constants

The dielestric constant measurements were made by the heterodyne-
beat method. In this method two radio frequsncy signals are combined
by impressing them agross two of .the grids of a mixer tube (63A7). This
introduses a frequenocy, which 1s equal to the difference between the
frequencies of the two oscillators, into the output of the mimer tube,
When the frequencies of the oscillators are nearly equal the output of
the mixer tube is in the audio range and can be heard if the signal is
amplified and put through a loudspesker, The pitch becomes lover as the
frequencies of the oscillators become mors nearly alike and finally
osdses when the frequencies are equal, In this work the null point from
the mixer was odbserved roughly as sbove, and & fine adjustment made by
impressing the amplified mixer signal on the grid of a 6ES "Magie Eye®
indicator tube,

In this equipment, which is similar to that deseribed by Chien ,19
the fixed frequency oscillator is crystal controlled by use of a 200
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kloeycle quartz crystal, A General Radio precision condenser, type
722D, 1s in parallel with the dielectric constant cell in the L-C circuit
of the variable frequency oscillator., Sinse the frequency of the

variable fregquency oscillator is given approximately by

£ = 127 /1T,

it 4s obvious that any change in the capasity of the cell must be core
rected for by a corresponding changse in the precision condenser in order
o keep the frequsncies of the two ocscillators equal,

freq,

Fled
osc,

L :{Hm"l -~ beat detector

b rl’QQG
08C,

Vu-iab'léxl

Cell Precision
Condenser

A diagram of the cell may be found &t the end of this section,

Preparation of Compounds
Preparation of the eompounds whose dipole moementis were measured,

The final pwrifiocation of most of the following compounds was accomplished
by distillation through a 60 om. helix packed colwn until successive one
ml, portions showed & gconstant refractive index,



Allylamine -- Eastman White Label corpound was dried and redistilled,
b.p. 53° (7h5ma.), o2 1.h225, of5« 0,757,

Allyl ide -~ The compound obtained commercially was dried over
calotun chloride and distilled, b.p. 71°C (7Lomm,), n2’= 1.4660, df5= 1.L201.
Allyl Cyanide -~ This compound was prepared by the action of cuprous
cyanide upon allyl bromide by the procedure given in Organic Syntheses ,20

b.p. 116°% (Thsma.), nd’= 1.4039, a2« 0.8247.
Allyl Etlyl Ether -~ Esstman white Label compound was dried aad re=

distilled, b.p. 67° (Thomm.), n25= 1.3892, af= 0.7596.

Allyl Jodide -~ This compound was prepared from allyl bromide by
refluxing the pure allyl bromide with methyl alcohol and sodium iodide,
The reaction mixture was decanted from the solid residue and fractionally
distilled through a 60 cm helix packed column under reduced pressure.
The mmm- vas redistilled as described above, b.p, 102°C (7L5mm.),
n2’e 15482, af5«1.7955.

S8ince allyl iodide is extremely sensitive to 1ight21

the distillations

vers performed in the dark as were determinations of the dislectric con-

stants and densities of the solutions, When it was necessary to have

light & mmall red "peneil 1light" was used since the decomposition has

been shown to be slower in light of longer wavelengths. It was noted

that after & four hour storage in somplets darkness the refractive index

W constant but began to ochange soon after exposure to white light,
Bensylamine ~—- The Eastman White Label compound was distilled as

deseribed sbove, b.p. 183°C (Thom.), 2> =1.5k07, df® = 0.9798.
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2-Bromo-)-butyne == This eompound was prepared in low yileld by the
addition of phosphorus tribtromide to & slight excess of 3-butyn-2-0l at
«15% 4n the presence of 0.1 mole of pyridine. The reaction was very
vigorous and HBr was given off. When the addition was complete the mix-
ture vas washed with water and the organis layer was removed and dried
over ealoium ghloride, The organic layer was then distilled through a
60 em helix pasked column &t reduced pressure and then redistilled as
deseribed above, b. p. 28-30°C (Blam.), n3° = 1.4766, af5 = 1.3615.
It 1s believed that the major products of this reaction are the esters
of phesphorous acid,

3-Butyn-1-0l —= This eempound was obtaiped from the Fareban Research
lLaberetories, The compound was dried over sodium sulfate and then ealcium
sulfate and distilled Bs sbove, b.p, 128°%C (TiSom.), nf> e 1.k393,
a5 - 0.8,

J-Butyn-2-61 -~ This compound was obtained and purified in the same
manper as 3-butyn-l-ol, b, p. 107°C (Thlm.), n25 =1.4238, 4> = 0.86%.
1-Chloro-l-ootyne ~= This compound was obtained from the Farchan
Researsh Laberatories, dried over calcium chloride and distilled as above,

b.p. 99.5 (k7mm.), 184 (7idmm.), n2° =1.L551, o5 « o0.9M29,
1-Disthylamino-2-propyne +~ This eompound was obtained from the
Farohan Research Laboratories and distilled as above, b.p. 119°C (7hém.),

03> «1.L891, df5 «0.7982,
2-Methyl-2-bromo-3-butyns «- Dry hydregen bromide was passed through
Ahe pure sloobol (2-methyl-3-butyn=2-0l) at 0°C until the reaction mixture

was saturated, The organic layer was then saparated from the heavier
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layer of hydrobromic acid. The organic layer was washed thres times with
water (the mixture was meutralised with K,CO, in the first washing),
separated and allowed to stand for twenty-four hours over dry KjCO4 at
0°C. The resction mixture was distilled from fresh KOs under reduced
preasure. Two fractions were obtained, the smaller high boiling one
gave m reaction vwith alooholic selair net rate and rapidly polymerized.
It is thought to have been l-bromo-3-methyl-butadiene-l,3 or a eimilar
compound, This method is similar to that of Campbell and Eby,22
b.p. , n2 =1.,.631, af5 = 1,2657,
2-Methyl-3-butyn-2-01 ~- This compound was obtained and purified in
the same mamner a8 3-butyn-l-ol, b.p. 103°C (7L5mm.), n2 = 1.L20,
af5 = 0.8566.
Y-Octyn-1-0l ~~ This compound was obtainsed &nd purified in the same
mancer as J-butyn-l-ol, b.p. 108-109°C (37mm.), o8> = 1.L5k2, af5« 0.8767.
Propargyl Aleohol -~ This compound was obtained and purified in the

same marner as 3-butyn-l-ol, b.p. 114°C (7L5m.), n%s = 1.4393, dﬁs- 0,94L36.
Propargyl Bromide -~ This compound was obtained and purified in the

same manner as l-chloro-h-octyn, b.p. 88°C (7LOmm.), ngs = 1,915,
of5 «1.5657.
Propargyl Ethyl Ether -~ To one gram molecular weight of propargyl

alcohol 0,2 gram atomic weight of sodium was added in small pieces, Each
plece of sodium was added when the previous one had almost completely
reacted, Care must be taken not to allow the reaction mixture to get

too hot (above 70°C) or to try to force more sodium to react by warming.
When either of the above is done the reaction mixture decomposes violently,
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When the sodium had reacted 0.2 gram molecular weigzhts of ethyl lodide
were &dded and the mixture was refluxed for two hours. The reaction
mixture was then distilled through a 60 cm packed column, A small
fraction of ethyl icdide came over first at 72°C. The desired prcduct
distilled at 80-81°C, The yield was approximately 507, The excess
alcohol remaining could have been recovered or used diresctly to prepare
more ether,

The erude ether was redistilled as above, b.p. 80°C (750mm,),
n25 «1.4019, af5 = 0.8374.

Propargyl Jodide <« This compound was prepared from the bromide in

the same manner as allyl iodide, Decomposition in light did not seem
1o present a serious problem here, b.p. 1°C (740mm,) ’ n%s - 1,591k,
af5 = 2,021,
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V REIULIS

TABLE I

DIELECTRIC CONSTANTS AND SPECIFIC VOLUMES OF THE
BENZENE SOLUTIONS AT 25°C

Allylsmine Allyl Bromide

Xa . €22 Va2 ) 6% €12 Vas
0.02849 2,3328 1.1492 0,09393 2.6865 1.0831
L1987  2.3147  1.1L79 06031  2,5285 1.0989
01505  2.3045 1.1472 03108 2,4055 1.1211
01007  2.,2939 1.1Lé5 01660  2,3LL9  1.1334
00476 2.2808 1.1L55 01010  2,3142 1.1377
00L20 2.,2930 1.1118

Allyl Cysnide Allylethyl Ether
0.,03318 2.8272 1.4 0,02921 12,3377 1.1502
02047 2.6059 1.1h53 02097 2.3202 1.1L487
01276 2.L4786 1,145k 01523 2,3068 1.1k75
00681 2,381 1.1450 L0006 2.,2926 1.1ks5
LO0L96 2,356  1.1Lk9 00408 2.2822 1.1457
00281 22,3174  1.1LL8 00390 2.2811 1.1455
Allyl Iodide v Bersyl Amine
0,05258 2.Lh6LL 1.0825 0.02573 2.34k28 1.1h06
QO1790  2.3382  1,1226 L01809 2.3207 1.1118
01426 2.323L 11,1270 ,01070 2.,3001 1.,1430
00996 2,3095 1.1323 00552 2,2857 1.1L439
00345  2.2865 1.,1402 00285 2.,2786 1.1uL3
00130 2,2789 1.1433 00126 2,27L9 1.1Lk9
2-Bromo-}-butyne 3-Butyn-l-0l

0,02380 2.37h5 1.1279 0,01869 2,312 1.L43
L1726 2. 1.1326 01297  2.3178  1.1hk2
JO12L0 2.3233 1.1362 007935 2.3032 1,1L45
00678 2.3020 11,1396 ,003302 2.2837 1.1LL6

ooLkés 2.2918 1.1l16
00184 2.,2827 1.1426
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_3-Butyn-2-0l 1-Chloro-L-octyne
0.04764F 2.,4760 1.1L58 0,01570 2.3L89 1.,1427
03504 2,055  1.1456 01051 2,3235  1.143L
01957  2.3h27 1.1k52 00598 2.3021  1.1439
00923  2,3039 1.1450 L0336 2,283 1,1LL3
00510 2,2903 11,1450 00315 2,2579 1.,1Lb
LO0179 2.2775  1.1LL9 L0116 22,2786  1.,1LL46
1-Diethylamino-2-propyne 2-Methyl-2-bromo=-3-butyne
0.01729 2.2801 1.1478 0,01473 2.,3L70 1.1350
01308 2.2790  1.1471 00910 2.3181 1.1386
00957  2.2T73  1.1L465 00416  2,2936 1.1la8
L0597 2,2756  1.1458 00305 2.2878 1.1426
00190 2.2747 1,454 .00183 2.2827 1.1L34
00110 2.273L  1.1LL? 00108  2,2775 1,1LLO
2-Methyl-j-butyn-2-ol Q-chzpsléol
0.01876 12,3311 1.1L4 0.0171k 2.3430 1.,1L50
01282  2.3126 1.1459 01320 2.3260 11,1450
00794 2,2965  1.1L456 00915  2,3095  1.1hLk9
00512  2,2878 14452 LO05LL  2,2937  1.1448
00394 2.2850 1.1451 00319 2.2852 1.1LL8
L0199  2.2787  1.1Lso L00160  2,2791  1,1L53

Propargyl Alcohol

Propargyl Bromide

0.03259
01676
00757
.00433

2.la2s
2.3406

2,3038.

2.,2928

1.1433
1.1hk2
1.1hLk
1.1L4L

0.02267
01667
,00976
.00622
.00312
.00227

2.317
2,325
2.,3023
2.2902
2.2822
2.2800

1,1278
1.1322
1.1376
1,100
1.1422
1,1433

Propargyl Ethyl Ether

Proparﬂl Yodide

0,01276
008L5
00547
+00390
.00272
00069

2.3049
2.2934
2.2876
2.2829
2.2798
2,2742

1.ah51
1.1L54
1.1L52
1.1k52
1.1450
1.1Lk9

0.02253
01745
01167
00607
.00LTL
,00190

2.,3218
2,3106
2.2977
2.2653
2.2825
2,274

1.1145
1.1213
1.1288
1.1364
1.1387
1.1k21
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TABLE IIT®

DYPOLE MOMINTS NOT DZT:RMINED HERE, BUT WHICH WILL AID IN THE
EVALUATION OF THz RZSULTS OF THIS WORK

Compound - (D) Compound < (D)
Brono&cetylenen 0 .Oﬁ* n-Propylamine 1. 39Mt
2-Bromobutane 2.12 (20°%C) n-Propyl bromide 1.94 (20°C)
Chloroacetylensl> 0.LL** n~-Propyl chloride 1.94 (20°C)
Ethyl, n-propyl ether?s  1.16 n-Propyl cyanide 3.5725 Wb o517
2-Hydroxy butane 1.79 Propylenel3 0.35%%

Metlyl Acetylenals 0,77 n-Propyl lodide  1.85 (20°C)

2-Methyl-2-bromo butane  2.25 (20°C) Vinyl bromidel 1 11%*

2-Methyl-2-hydroxy butane 1.66 Vinyl chloridel3 1 LL**
1-Octanol 1.6l Vinyl fodidel3  1.26**
n-Propyl alcohol 1.66 (22°¢)

» Unless othervwise stated these values are in benzene at 25°C
and are from reference 23,

## Vapor phase measurements,
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VI DISCUSSION

Polarization Effects

It bas been established previouslyl’ that the resultant moment of
the =CHy group 4is equal to that of a C-H bond, therefore the replacement
of a hydrogen by & methyl group should cause no change in the total
moment of a molecule, Actually, however, the replacement of a hydrogen
by a «CHy group will often cause & noticeable change in the dipole
moment of & molecule. This effect iz thought to be due to the polariza-
tion of the hydrocarbon redical by the more polar methyl group., An
example of this is ethyl ghloride which has a moment which is 0.15 D
higher than that of methyl shloride, The moment dus to polarisation is
in the same direction as that of the C-Cl bond, the carbon atom being
made more megative by polarization,

To 1llustrete this we may draw two representative structures:

H H
(+) 1(=) (=) (+) )
H C -Cl and H C ~Cl

I

;| (a) lgl (8)

the effect of the C~Cl bond being to increase the etability of structure A,
As the chain increases in length the increase in the dipole moment
beocomes negligible, However, it is still noticeable in adding secondary
and tertiary groups, the inorease from n-propyl bromide to 2-metiyl-2-
bromo butane being about 0,11 D, This is because the groups added are

close to the C=3r bond.
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In this work the dipole moments of & series of asetylenic eompounds
were run, Sinee these are comparable to the groups mentioned above it
4s interesting to see how the dipole moments vary on replacing H by «CH,,

We have:
H CH,
HCE C~CH,Br HCZ C~CBr HCZ C-CBr
tHy CH,
= 1,50D = 1.7 » 1,9LD

The total change in moment from the primary to the tertiary compound is
0.LLD which is gonsiderably larger than that of the saturated series.
This seems to indicate that the <C3 Ce group which is known to be more
polarizable itself also tends to make the whole hydrocarbon radical more
polarisable, Another explanation of this effeoct is that the increase in
dipole moment in the acetylenic series is partially dus to the supression
of hyperconjugation structure VII (in the following discussion) upon
replagement of H by -CH,.

Resonance and Hyperconjugation Effeats
For compounds such as the vinyl halides we would expect to find

highsr dipole moments than for the corresponding saturated halides if
polarization were the only effeot, Actually the dipole moments of these
compounds are lower by about 0.7 to 0.8D than the unsaturated halides,?
A similar effect is also noticed in the haloacetylenes where the moment
is 1.7 to 2,2D lower than the value for the saturated halides, These
effacts are explained by resonance structures! such ass

HyCCH = X and H =C =X

- + - +
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If the dipole moments of compounds similar to the above but with a
~CHa= group between the wnsaturated bond and the halogen are measured
the resonancs or hyperconjugation seffects in these compoundn gould be
studied also. In this work the dipole moments of some allyl and propargyl
eompounds have been determined and compared with the saturated halides
for this purpose,

The dipole moment of n-propyl bromide is 1.940°7 which moment nay
be constdered to be dus only %o the moment of the C-Br bond and polariza-
tion of the ﬁydroolrbon radical,

The moment of allyl bromide was determined in this work to be 1.82D,
This represents & loimng of 0.12D with respeet to the saturated aom-
pound despite the fast that the double bond weuld be expected to be more
polarisable and therefore t0 increase the dipole moment. This effect
oan be partially explained on the basis of & hyperconjugstion strueture
which has »oV previously been mentioned for these gompounds,

1y 5 -
B = C = C-H HC = C = C-H He = C = C EY
Br (_,Br . ) r
. @')B
HoG = & =« C-H
(= Br
1 - n III

The suggested hypereonjugation structures III would account for a lower-
ing of the dipole moment, It is intereating to note that if we consider
the hydrocarbon propylene which has a dipole moment of 0,35D, the follow~

ing hyperconjugation structure which is analogous to III has been pr0p0'0dl15



i ) In! *)

HC -é-ca, Hes = C = CHy H
v

It should be noted ithat structure III would have to be only & very small
contributing factor to have & distinct effest upon the dipole moment
because of its large charge separation, Not much can be said about the
extent te which structure III lowers the total moment of the molecule since
there are too many unkmown quantities involved, Its actual contribution
would depend among éther things upor the magnitude and direction of the
polarisation moment and upon whether or not there is free rotation ef
the <CHgBr group. ‘ ‘

The moment of propargyl bromide was determined inm this work as 1,50D,
The drop in the magnitude of the moment with respect to the saturated
halide 1s O.LLD in :hhil oase, Sinoce polarintion of the acetylenio
group is even greater than inm the allylic group & substantially larger
‘ dipole moment would be expected if hyperconjugation were not taken into
eonsideration, The hyperconjugation strustures proposed (VII) are
apalogous to structurs III and as with the previous case a similar struc-
ture e¢an be proposed for the hydrocarbon itself (VIII) .16 The dipole

moment of methyl-agetylene (sclution measurement) is 0,77D,

(o)

Br Br =) Br
X - i i ~'5-g B &
¥ =) Br
v I Ho=U-H
H)
(=) )
HOCZCHGH
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It should be noted that even a rough attempt at calculation of the
contribution of structure VII would indicate immediately that the dipole
moments of propargyl bromids and lolicde are lower than can be explained
on the basis of the indicated structures. The most probabie explanation
for this becomes evident if one considers the work of T, L, Jacobe?®
which was reported after the abovse expsrimental work was done, Jacobs
has shown that if propargyl bromide is heated to 110°C in the presence
of cuprous bromide a mixture of propargyl bromide and bromopropadiene is
obtained, Jacobs hcs also shown that the "propargyl iodide® reported
in the literature is actually a mixture of propargyl iodide and iodo=-
propadiene, These facts give an immediate explanation of the extremely
low dipole moment found for propargyl iodide and it is possible that thay
partially explain the low value obtained for the moment of propargyl
bromide,

It has not yet been possible to ascertain whether or not the pro-
pargyl bromide obtained from the Farchan Research Laboratories was sub-
Jested to such conditions as to have undergone the above mentioned
isomerism, However, tlie physical constants of the propargyl bromide used
in this work are in reasonably close agreement with those found for the
pure propargyl bromide by Jacoba.26

The dipole moment of propargyl bromide has also been determined
using material prepared by treating the alcohol with phosphorus tri-
bromide, The value found was identical with that reported here (1.50D),
although the physical constants of the propargyl bromides (n%5 1.h90k, dﬁs
= 1,576) differed, The physical constants reported by Jacobs2® for
material free from bromoallens were n%s = 1.4896, dﬁs = 1,562,
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The above facts cast some doubt upon the validity of the results of
this work with respect to the propargyl type halides and, in particular,
propargyl iodide, In the case of the bromides the results of this work
are probably valid, especially in light of the communication with
Dr, Jasobs, In addition, the allylic halides also show dipcle moments
which are lower than expected, Since the allyl halides are better known
than the propargyl halides, and since a similar isomeriam has mot been
reported to occcur in these compounds, it camnot be assumed that isomorlsm
would be 8 valid explanation for their low dipole moment,

A study has been made of the bond lengths of the C-X bonds in the
propargyl halides by Psuling and co-workers.’! The bond lengths measured
were slightly longer than the normal C-X bond lengths and the authors
proposed the following resonance structuret

+
-

HC =C =CHg X
IX.
It 1is obvious that in order to account even partially for the lowering
of the dipole moments this structure must be assumed to eontribute even
less than strusture VII, It should bs noted here that the indicated work
of Pauling is subject to some doubt as a result of Jacob's work,

The dipole moments of two other acetylenic halidés have been
determined im this work. These compounds are 2 gethyl-2~bromo=3-butyne
(XIV), snd 2 bromo-3-butyme (X) whose dipols momentis sre,respectively,
0.31D and 0,35D lower tham those of the corresponding saturated compounds,
Taking strustures IV and VII into eonsideration tl';e following resonance

and hyperconjugation struotures may be drawn:
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H . 8 B
m;c-c’:-cn, Hc:c-“g-ca, HC = C =C = CH,
Br n-) =) Br
X I p oo
H
!
B =C «C = CH,
*).
Br.,
IIIX
o, CH, - gy,
acsc-f-cn, mfcuc-cu. xﬁ)-c-q-cu,
Br - Br Br
~)
xIv xv XVI
CHa
H «C =C - CH,
»
Br,
IvII

It should be noted that although structure IVI is mot considersd probable
there is still an appreciable lowering of the dipole moment although mot
as great as in the propargyl compounds, This would seem to indicate that
an inductive effect caused by the greater electronegativity of the sarbon
atoms in the triple bond might also sontribute to the lowering of the
dipole nonont.’ This industive effect probably partially accounts for
the very low moment of propargyl bromide,

The dipole zoments of two of the ethyl ethers corresponding to the
halogens discussed above have been determined in this work. The moment

of allyl ethyl ether was found to be 0,22D higher than that ethyl,
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Repropyl ether, and the moment of propargyl ethyl ether is 0.30D higher
than that of the saturated ether. Since the magnitudes of the moments
inoreased in this series a rough calculation will be made to determins
whether & moment in the direction indicated by hyperconjugation strustures
of the sme type as III and VII would account for this,.

In the following oalculation” on propargyl ethyl ether polarisation
is neglested, free rotation about the C-0O bond is assumed, the moment
of the resonance structure corresponding to VII is assumed to be the
same as that of the hydrocarbon (0.77D), and the moment of the C-O-H

group is assumed to be the same as the moment of ethyl, n-propyl ether.

ﬁ?
F
7

.
4,,

9
4

o¢

XY D pzen

=Ty X
L €T
%ET

{4

* See next page.
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Ray = Byy =By
Rgx +-,_vc“k -n
ngdtar =,
gt = a? + mRy + 2mgylyy.Cos +n,'_vCos't + miy;Sin®¥
=2l o "x":xy‘h'!-uvc"& 4
- 27
a® en? +mg ¢ nixy + Zugymyyy Coss dv
°

T
=Bly = 2, Mpe ¢ Mpe ¢ My iy
“nf +m3 - 20 my,
= (0.7)* + (1.16)* - 2(0.77)(1.16) Cos x Cos 8
.

. 4

It §=10°, & =170, 3 =55° Then <« ® a1.59

« =]1,26D
It § =12, w56, =5 Them .« ® =1.39
4« «1,18D

Dus to the large nwmber of assumptions which had to be made 1% is doubtful
vhether this ealculation is very significant,

aDefinitions of the symbols used in the previous caloulation are as fullovs:
By, By, B, are the total moments along the x,y, and s axes,
«<"The moment dus to the C-0-£1% group moment (1.16D),

my =~ The moment dus to the hyperconjugation structure (0.77D),

Byxy == The moment in the zy plans due to the C~0- £t growp moment,

Mgy == The moment along the x axis due to ths hypersonjugation structure.
Rz = The moment along the s axis due to the C-0-£t group moment,

Rgg =~ The moment along the z axis due to the hyperconjugation structure,
Ringt == The instantanecus moment.

B -~ The magnitude of < (Averege),

Angles « , F 2% S are as indicated im the calculation,
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If assumption of free retation were mot valid, we could assume the

orientation shown in the following caloulation.”

2C \

N

Bye = ® Cos

Ngg ®= my Cosac

R,

Ray *™ Ry Cosy

S Niax iy, .
©0.39 if e = 70° ( § =110°)
0,22 1f « =55° ( & = 12,9)

©0,725 4f ¥ « 20° ( & = 110°)

0,641 1f 5 = 3L° ( § =124°)

By = m, Cos 35° =0.951

By ©1.68 4f § e 210°

-1,59 1f & «12)°

. #1,73 4f & =« 110°

©1.61 4f J =12L°

Both of these values are higher than the experimental value (1.46D).
Although the results of these calculations depend upon many assumptions

which render them very approximate, they might indicate shat the rotation

#Definitions of the symbols used in the previous caloulation are as follows:
my,my == The total moments along the x and s axss.

m; == The moment of the C-0-7t group (1.16D),

ma == The assmumed moment for the hypercanjugation stresture (0.77).
myx == The moment of the C«0-,t group along the x axis.
nay == The moment due %0 the hyperconjugation structure along the x axis,

(Similar for s axis.)

Angles & , y , 7 &re as irdicated above,
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about the C<0 bond is somewhat restricted in the orientation indicated.
This is mot very probable and there is probably some other effect which
has not been considered here. Similar calculations havs not been
attexpted for allyl ethyl ether because even more assumptions would be
necessary.

When the dipole mcments of aleohols containing an acetylenic group
are considered 1% is found that in the series:

CH, CH,

H SC-CHQ0E HCSCefeH HC SC =C - CH,y
;| ):
IVIII I pod

the dipole moment decreases very slightly (0.,19) from XVIII to XX. This
is not like the bromides where thero was an increase of O,LLD, It should
be noted that the alcohols would be expected to act more like the ethers
than the bromides and free rotation would be expected in the alecohols.
Comparison of the values obtained for the unsaturated lleoh.olc with re-
ported values of the moments of the oorresponding saturated alcohols shows
no definite trend from the saturated to the unsaturated cases, however all
are within 0.,12D of one another, If we assume free rotation about the
C=0 bond and assums that the orientation of the rest of the nolecul;: is
similar toi

B 2 C - CH,

I2/£°O.H

This orientation secms most probable because bond length measurements

in methylacetylene indicate that the bond between the methyl carbon
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and the acetylenic carbon atom has a great deal of double bond
8

character,

If a calculation identical to that for the ethers, where free rota-

%
tion was assumed, is made we obtain as before the equaticns

;' - I: +ll: - 2‘“‘32

A sample calculation with 3 butyn=2-0l is as follows:

82 = % e (0.T7)% + (1.79)7 - 2(0.77)(1.79)Co856 Coss5°,
= 2.91

M = 1.70

TABLE IV
OBSEKVED AND CALCULATED DIPOLE MOMENTS OF ACETYLENIC ALCOHOLS

Alcohol A Calet'd, ¢ Determined Difference

Propargyl alsohol 1.59D 1.78D 0.190
3 Butyn-2-0l 1.70 1.69 0.01
2 Methyl~)-butyn-2-01 . 1.59 1.59 0.00

It would seem that from the exsellent agreement between the calculated
and sactual values that t'2 assumptions made were essentially reasonable,

*m, =~ The moment due to the C-O-H group taken as that of the correspond-
ing saturated alcohol, :
*A11 other symbols are idsntical with those in the previous derivation
involving free rotation,
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It should be moted that all values for the alcohols are subject to a
gzreatar error than the other sompounds becausa their solution behavior
is extremely non-ideal,

The dipola moment of 3-octyn~l-0l was determined and found to be
0.14D higher than that of the saturated alecohol, This observation was
not expected, This alechol would be expected to have a moment essentially
the same as that of the corresponding saturated alcohol, The difference
of 0.,1LD 1s not very great, however, and might be due to experimental
error, |

In the case of allyl cyanide the dipole moment is found to drop
about 0,13 from the value for n-propyl eysnide, It is difficult to draw
any definite eonclusions about this due to the large diserepancies between
reported values for n-propyl cyanide, However, the following resonance

structures may be drawnt

(=) (#)
HyC ®CH = CHg=C = N CHz = CH = CHg=C = N
IVIIT IIX
CHg = CH = CH C N CHy =CH ~CH =C = K
(=) H ) KM
X pos

Structure XX corresponds to the previously msnticned hy*perconjugaiion
strustures and would account for & lowering of the dipole moment in this
compound, Unfortunately propargyl cyanids seemed teo decompose when
attempts wers made to prepare it., No meajurements on that compound could

be made,



The dipole moments of a few amines were run in this work, Due to
the large number of assumptions which would have to be made in the
interpretation of these moments, and the great variation in reported

values for amines, no conclusions can be drawn regarding them.
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SUMMARY



SUMMAKRY

The dipole moments of several series of unsaturated aliphatio
eompounds have been determined by the refractivity method, These moments
provide evidence that hyperconjugation is important in allyl and propargyl
derivatives, Resonance in the halides, the alcohols, and the oyanides
has bsen discussed in detail, Ko conclusions could be drawn from the

noments measured for the ethers and the amines,
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