
THE ELECTRICAL POLARIZATIONS O F  BIS-MERCURIALS' 

Very dilute solutions of clipl~ci~ylmcrcc~ry in carbon tetrachloritlc have been found not to 
have orientation polarization, but in not-so-tlilute carbon tetrachloriclc or in clioxane nncl 
benzene a t  any concentration there is evidence of Inomeilt. Moreover, these moments vary 
~legativcly in carbon tecrachloricle and cliosane ancl positively in benzene with respect to 
temperature. The  angular C-I-Ig-C linkage responsible for orientation polarization is also 
clemonstratccl by appreciable moments for para methylmercuri-his-benzene ancl the hon~ol- 
ogous durene. hIagnitlrcles comparable with the aryl arlalog~ics are founcl for several alkyl 
his-n~erc~lrials, but  the similarity in the moments of trifl~ioromethyl and methyl-his-mcrc~lry 
a s  \\ell as a temperature coefficient for 11101ncnt of the latter compound indicates that  the 
C-Ng-C linkage may vary wiclely ancl easily. I-Iowcvcr, a lower limit may be set by the 
moments of merc~~racyc lohesa~~c  ancl merc~~racyclohcptanc in it-hich the mercury angle is 
lisecl by the cyclic structure. 

For several decades the electrical polarization of cliphenylmerci~ry has seemed to be 
anomalous. Origi~lally Bergmann ancl Schiitz found the solute polarization in benzene to  
be G4 cc a t  14.15" and concluded that  it was clue entirely to electroriic polarization (I) .  
Later Ha~npson (2) founcl the polarization to  be 68.8 cc a t  2j0 in benzene. Since this 
value exceeded the electronic polarization, ancl since greater deviations from electronic 
polarization were found for a number of p-disubstituted analogues of diphenylmercury, 
Hampson conclucled that  the C-Hg-C bond was a~lgular  in these substances. Others, 
and most recently Armstrong, LeFevre, and LeFevre (3), consider that  the clata may  
be better interpreted in terms ol  abnormal atom polarization. Ilowever, a clirect measure- 
ment (4) has shown that d iphen~ , lme rc~~~-y  has a clistortion polarization which actually 

WEIGHT F R A C T I O N  
Dl P H E N Y L M E R C U R Y  I N  BENZENE 

FIG. 1. 

111fn7~ziscript rccaitlcd May I ,  1958. 
Co?1lribzrlionfro711. 1l1e Depnrl~ilei~t of Cl~culislry, U~~l t~ers i ly  of Toro?rlo, Toronto, O71,lnrio, Canada. 

Can. J.  C l ~ e m .  Vol. 30 (1958) 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

N
O

R
T

H
 T

E
X

A
S 

L
IB

R
A

R
Y

 o
n 

11
/1

3/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
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is lower than that  calculated from refractometric data. 111 view oi this ano~nalous situation 
we have now exanlined a wider variety of bis-mercurials and of co~lditio~ls u~lder  which 
the polarization is determinecl. 

Dipheny1,mercury 
The variation of electric polarization with respect to solvent, concentration, and 

temperature is shown in  Table I. I t  may be seen i n  Fig. 1 that in benzene the re la t io~lsh i~  
of both specific volume and dielectric constant is linear with respect to weight fraction 
even a t  concentrations less than 0.002, and extrapolatio~l conforms closely with the 
values for the pure solvent. This seemingly nor~nal behavior is belied by the augmentation 
of apparent ~noment as the temperature is increased from 20" to 40" (Table I). By con- 
trast the apparent moment i l l  dioxane (in wllich equally good linearity and extrapolation 
of 66/6w and 6V/6w have been observed) has shown a ditninution as the temperature has 
been increased. Likewise with weight fractions (w) of 0.005 to 0.01 i t  may be seen (Fig. 2 )  
that the apparent moment ill carbon tetrachloride decreases as the temperature rises 
from 20" to 40°. These variations have been plotted in Fig. 3. I t  is of interest that  these 
curves (which rniyllt be straight lines within the ~ 0 . 0 1  D precision) i~ltersect a t  about 25". 

DIPHENYLMERCURY IN CARBON TETRACHLORIDE 

I 

2.1951 I I 1 1  I r r I I I I I r J  
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FIG. 2. 
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SAWATZKY AND WKIGI-IT: BIS-MERCURIALS 

IN BENZENE 
IN BENZENE, REF.1 
IN DIOXANE 
IN CCL4 

TABLE I 
DIPOLE MOMENT DATA FOR DIPIIENYLMERCURY 

Wt. fraction 
Temp., " C range Sotvent LY 

0-0.01 Benzene 
0-0.015 Benzene 
0-0.01 Benzene 
0-0.015 Diosane 
0-0.010 Diosanc 
0-0.015 Diosane 
0-0.005 CCI, 
0-0.005 CC1.i 
0-0.005 CCI, 

0.005-0.01 cC1, 
0.005-0.01 CClt 
0.005-0.01 CCI, 

*The PC-= of 57.1 as obtained from solid dielectric data is used for the calculations of the dipoIe ~nornents. 
t c o ~ ~ t r a s t e d  to Curran's 69.02 (6). 
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The observed l~olarizatiorl a t  2J0 i l l  carbon tetracllloride (71.6 cc) is not far fro111 that  
reported (70.2 cc) by AI-mstrong, LeFevrc, and LeFevi-e (3). Ho\vever, it inay also be 
see11 i l l  Fig-. 2 that  tlie lattei- agreement \\:as attained only by usi~lg the corlcc~ltratioil 
range specified by the three authors ( 3 ) .  In  the concentration range of 0-0.005 weight 
fraction it is apl>arenl that  a shai-ply different 8 ~ / 8 0  ( a )  p~.evails a t  all temperatures, 
alt-ho~lgli no such illflection is ol>sei-vecl in the 6 v / 6 w  slope. The  latter evidence for the 
constancy of p is confil-med by isopiestic measurements which sho~v that  diphe~l)-lmercury 
does not associate in CAI-bon teti-achloride. 

'There have I~een cloul~ts (3) about the significance of the value for distortion polai-ization 
(57. I cc) dctci-mined fro111 the dielectric constants ol solid diplieng~liiiercui-y pellets. The 
critics considei-ecl this valr~e to be lo\\., but  the cl-iticisin is not entirely justified in vie\\! 
of the total polai-izations (in cc, 38.2, 5S.(i, and 58.7) iouncl a t  20, 30, and 40' lor diphenyl- 
~nel-cusp in very dilute teti-achloride solution. A11 assignment of orientation polai-ization 
which exceeds these values m ~ i s t  be el-1-oneous. :4lthough our nieasurecl distal-tion 11olai-iza- 
tion (57.1 cc) is 1.1 to 1.6 cc belo\v the total polal-izalions mentioned above, we cannot 
safely assign tlie differences to 01-ientation polnl-ization. These differences arc only slightly 
outside oui- experimental error. \Ve cannot say whether the moment of cIiphenylme~-cury 
i l l  dilute cat-boil tetracliloi-itle solution is zei-o or ~vhetlier it has a very low value which 
cannot be defined by the  resent exi>e~-ime~ltal tecluniq~ies. But we can say that  the 
miniinal polarizations ~vhich we have ol~servecl in very dilute carbon tetrachloride solutions 
are contraclictoi-y rather than confii-mat or)^ to recent claims (3) oi zero clipole moment 
foi- tliphenylmei-c~iry, because we have set a miniin~iin which the tlistortion polarization 
cannot exceed. 

In order to arrive a t  these concl~isions it has been necessary to give careful attention 
to the pui-it)! of the cai-boil tetrac1ilo1-itle. For example the use of ail old sample (Q = 

2.2303 and 1/ = 0.6312) (01- the polarization st~icly of diphengrlmercui-31 sho~vs a cleci-ease 
in 6 t / 6 w  a t  25" (in the concentration range w  = 0.005 to 0.01) from 0.G7 (in the pure 
solvent \\rlie~-e E,) = 2.2208) to 0.50 in the old solvent, a l t h o ~ ~ g l ~  tlie change in 6 T ' / 6 w  
does not exceed 0.01. Of course, this bellavior is not ~rnprecedentcd (p. 130, I-ef. 5) \\:hen 
the polarity ol the solvent is increasecl. Miliile we have been unable to c11ar;lcterize the 
i m p ~ ~ r i t y  which ~eaisecl tlie dielectric constant of the olcl carbon tetrachloride, \\re have 
found that deliberate aclditioi~ of water to our p~irest  solvent ( I -es~~ltai i t  eo = 2.2289 a t  
25") lowers 6 ~ / 6 w  from 0.67 to 0.48, while 6 p / 6 w  clccreases fl-om 0.174 to 0.163. Since 
these differences lower the apparent moment froin 0.85 D to 0.63 D it is evident that  
rigorousl~, purifiecl solvent m ~ l s t  be ~lsecl for meaningful results. 

The vai-ialion in polarization with respect to concentration may incleed PI-ovicle an  
insight- into the ino1ecula1- behavior of clipl~enylmerc~iry, especially since the medium, 
carbon tetrachloride, in which this variation occurs is tetrahedrally symmetrical, \\rith 
little tendency toward co-ordination. We suggest that  i l l  this iliecli~im dip1ienylrne1-cr~ry 
is self-polarized a t  the higher concentrations. We presume that  the effect of this self- 
polarization is a rccluction in the tenclenc3, for dip11en~:lmerc~iry molecules to execute 
the 3G0° rotation which is ineffective toward the external field. We believe that this 
rotation, a consequence of the mass of the central atom, is iildicatetl by the evicle~lt 
perturbation i l l  the spectral absorption a t  463 cm-I. 

I t  follows that  in very dilute solution more ~nolecules, freed from self-polal-ization, 
~vill completely sotate. The  same circu~nsta~lce ought to redlice the polarizatioll a t  
increased temperatures. This effect is observed (Fig. 3) in carbon tetrachloride. 

In  this connectio~l it is of interest t o  compare the dielectric constants of pure carbon 
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SAWATZKY A N D  WRIGHT: BIS-MERCURIALS 1559 

tetrachloride a t  the several temperatures with the extrapolation to zero solute con- 
centration. I t  is evident that the extrapolations for very dilute solutions must differ 
from those for not-so-clilute solutions. The extrapolation of 6 ~ / 6 w  for very dilute solutions 
is essentially indistinguishable from that of the pure solvent; co (solvent) minus (solu- 
tion) is less than 0.0002. On the other hand the extrapolation of 6 ~ / 6 w  for not-so-dilute 
solution shows a t  20" C that € 0  (solvent) minus e o  (solution) is 0.001, but a t  40" it  has 
decreased to 0.0005. This behavior ivould indicate that  the solvent cavities differ in the 
t ~ v o  concentration ranges, and suggests that the effectively larger cavity due to self-polari- 
zation is decreased either by separation of diphenylmercury molecules, or by thermal 
agitation. 

Benzene is not tetrahedrally symmetric:rl, so interaction of diphenylmercury with 
this medium is not unexpectecl. This interaction ought to rninimize self-polarization and 
it should prevail over the entire concentration mnge. This expectation is I-ealized in 
the linearity of the 6 ~ / 6 w  graph over a weight fraction range of 0.001 to 0.008 (Fig. I) 
and more. 

Table I shows that  the apparent moment of diphenylmercury in benzene a t  20" is 
lower than it appears to be in not-so-clilute carbon tetrachloride solution. Assuming 
that the behavior in the latter medium approaches that in the gas phase the solvent 
effect in benzene may be callecl negative. According to the opinio~ls of several workers 
( 5 ,  p. 47), this effect is espected when the molecule contained in a cavity of polarizable 
solvent has its moment axis in the long climension of the molecule. This description 
may apply to a bent moleci~le with mel-cul-y a t  one end of the dipole. 

I-Iowever, the situation a t  20" is reversed a t  40" where the moment in benzene is 
much higher than in carbon tetrachloride. In the absence of any prior opinions (5) 
about dependence of solvent effect on temperature we suggest that the change of ~llolecular 
shape within the polarizable solve~\t cage may be clue to C-Hg-C bond angle variation 
with respect to temperature. While this cffcct should not be profound, it  must be rernem- 
bered that throughout this argument we are considering moment variations 1vliic11 do 
not esceecl 0.5 clebye unit. 

I t  woulcl seem that dioxane is intermediate in behavior between the other two solvents. 
Indeed the concentration effect and the solvent polarizability effect may largely be 
compensated in dioxane. In  this connection me point again to the intersections of Fig. 3.  
I t  is unfortunate that a vapor-phase moment value a t  this temperature (about 25") is' 
not available. 
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In any circumstance the data for diphenylnlercu~-y in the several solvents must be 
interpreted in terms of some type of induced polarization. This interpretation implies a 
definite dipole moment, even when it is very small (experimentally there al-e no negative 
momeilt values in very dilute carbon tetrachloi-ide). The moments may be ascribed to 
C-Hg-C ang~~lar i ty  and some of the differences may be due to variations in this angle. 
Evidence for diHerences in this angle will be presented in the remainder of this report. 

ParadisubstituterZ ilIethylnzercz~ribelazenes 
If one assumes that  benzene s~ibst i t~ients  are bonclecl coplanar with the ring then 

evidence of orientation polal-ization in a 1,-1-din~erc~~ribe~lzene ought to establish an 
angularity ol bonding to mercury. T o  this encl we have prepared 1,4-methylmercuri-b.is- 
benzene (IIIa  or b, R = H) by reaction of methyl chloride Grignard reagent with the 
1,4-clib1-omomercuribe1~zei1e (11, R = H) clerivecl from mei-curic bromide and 1,4-bromo- 
magnesii1m-bis-be11ze11e ( I ,  R = H) . 

Altho~lgh the product I11 has a tenclency t-owarcl dispi-oportioiiation to dimethyl- 
mercury and a polymer it is sufficiently stable for c le te r i~~ina t io~~ of its electrical polari- 
zation a t  20' in carbon dis~~lphide. This polarization sllo~ilcl have no orientation component 
if the methylmercuri group were included il l  the plane oi the ring or if  the coilfor~nation 
\\.ere entirely IIIa (13 = I-I). On the other hand the substance ought to s l ~ o \ ~  evidence 
of moment i f  tlic conformati011 IIIb were conti-ibutory. When the additive electronic 
polarization (used because I11 will decoinpose pastially dui-ing the time required for 
determination of the dielectric constant of the solid) is subtractecl fi-om the total polari- 
zation, the difference may be calculatecl as a mo~nent  ol 0.91 debye unit.'" 

A further test of 11011-linearit). has been r~complished with 1,4-n~ethyln~ei-cu1-icl~irene 
(IIIa  or 6, I< = YIe). This substance has heen synthesized by mercuration of durene 
(IV, R = Me), and treatment of the product I1 (R = h4e) with methyl chloride Grignard 
reagent. The procluct 111, R = i\/Ie, is only a little less prone toward disproportionation 
than the simpler homolog~~e. From the total polarization in carbon disulphide a t  20' 
is subtracted the electronic polarization, again calculated additively. Tlle remainder 
represents an electric moment of 1.38 debye illlit. 

In order to compare the momeilts of the two 1,4-dis~ibstituted phenylene inel-cui-ials 
it is necessary to assign a group moment to methyl~nerc~lri. Although nre realize the 
limitation of group moment evaluations, \ve have used 1-bromo-4-methylmercuribcnzene 
(VIII, R = H, X = Br) obtained by treatment of 1-bromo-4-bromornercuribenzene 
(VII, R = H) with methyl chloride Grignard reagent. Actually VII is a by-product 
in the preparation of I1 as a conseq~~ence of the partial Grignardization (VI) of 1,4- 
dibromobenzene (V, R = H). 

The momelit of VII I ,  calc~~lated from additive electronic polarization, in carbon 
disulphide a t  20' is 1.94 debye unit. If a value (ml) of 1.5 debye is assumed (excluding 
mesomeric effects) for the 4-bromopheilyl group then an equation in t\vo unknowlls, 
the methylmercuri moment (m?) and its angular deviation from linearity ( a ) ,  may be 
formulated 

(1.94)' = (1.5)'+ (.m2)2-2(1.5)(mr) COS a. 

* T h e  disproporlio7znlio7z of lhc bis-rrzerc7~rinls described i n  I l ~ i s  reporl i s  sz!ficic?ally slow Llznl rclirrble polorizi~- 
l ion ~rzensz~rc~rze~ils can be ~ n n d e .  T h i s  reliability Izns been denronslrnled by recovery of Llze szrbslnnce uflfler l l ~ c  
polarisalion ?r~ens~~renze t~ I .  However, Ll~e linle reqtlired for n ? ~ i ~ l y s c s  lo be 71lndc elsczul~.cre is drtr i~r~cntnl .  i lddi l ion-  
ally Llac Itigl~ percenlnte of tnercziry i n  szlch conlpozitzds nznkes (lie resvlls non-defi7~ilive. Co~zscqr~enlly zuc I~nzrc. 
chosen lo charnclcrize Ihe bis-rriercr~rinls n?inlylically by qnantilntivc co?~versio?c lo thc cl~lorotrrerczrri deriucrtivcs 
rcrihcr /11an by analysis of Lhe clcrrrcnl.~. 
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SAWATZKY A N D  WRIGI-IT: BIS-MERCGKIALS 1561 

If one notv combines this equation algebraically ~trith the equation which defines the 
moment of 1,4-methylmercuri-bis-benzene (111, R = H) 

then assuming that the metliylmercuri group moment and the moment angle a are the 
same in both compounds, two sets of values may be calculated. One value (mz = 0.72 
debye  nit; a = 62') seems to be more probable than the other (mz = 3.37 clebye unit, 
LY = 10.9') because the 1netliy11ne1-curi moment ought to be much lower than the group 
moment (3.5 debye unit) assigiied previously to the cl~loromercuri group (6). Actually 
the more probable ~noinent value is in approsinlate agreement wit11 that expected in 
consideration of the polarizations of diphenylmercur!; ancl diii~ethyl~nercury. Liltelvise 
tlie C-Hg-C angle (180' minus 62') is co~nparable with that estirnatecl for tlie aliphatic 
bis-mercurials describeci below. 

I t  is of interest to compat-e the moments of iiieth~rlmercuri-his-benzene and the homol- 
ogous clurene. If the C-Hg-C liilliage were linear then the moments of both compounds 
(111, R = H or Me) ought to be identically zero. Actually the moment of the durene 
(1.38 D) is found to be 4 2  times that (0.91 D)  of the benzene. If tlie substitueiits in 
1,4-methylmercuri-bis-benzene are simple-11a1-mo1iically rotating then this ratio specifies 
that the substituents in the hon~ologous durene (111, I< = Me) are hindered from free 
rotation. illoreover, the ratio indicates that the liinclrance retains the methylmerc~iri 
group on one side of the r i~ ig  (IIIb, I< = i\/Ie), since any contribution from IIIa  (R = Me) 
\vould decrease the ratio. 

This "on-side" conformation is not unexpected in view of recent observations in 
respect of the moment of 1,4-dinitrobenzene (7). 0 1 1  the other hand it must be realized 
that quantitative estimations of this sort are unjustified, despite their common use, and 
the 4 2  relationship may be fortuitous. For esaniple the group moment and moment 
angle may differ among the compounds, the bond angle may cliffer from the moment 
angle, and the assumption of planarity of tlie aromatic rings with coplanarity of the 
subs t i t~~ent  methyl groups is nowadays equivocal. However, the quantitative estimation 
does accentuate the qualitative fact that the observed moments establish the lion-linearity 
of the C-Hg-C linkage. 

Aliphatic bis-Mercn~rials 
The electrical polarization data for a series of aliphatic bis-mercurials is shown in 

Table 11. I t  may be seen by reference to the three solid substances with which the 
combined electronic-plus-atomic polarizations can be determined that the additive values 
for electronic polarization are not greatly in error. In no instance can a zero moment 
be designated. Even the polarization of liexafluorodimethylmercury in carbon tetra- 
chloride is appreciable (ca. 0.3 D) ,  although the range of concentrations ( w  = 0.0008 
to 0.0025) is comparable with that of diphenylmercury in carbon tetrachloride where 
no orientation polarization can be detected. 

The trend in moment among the homologous series (methyl > ethyl > propyl) is not 
very informative except for the unexpectedly low moment of hexafluorodimetliylmercury.* 
In view of the high polarity of the C-F linliage a much higher polarization than has 
been observed, irrespective of the polarity (necessarily low) of the mercury-carbon 

* W e  are indebted for th is  con~pound  to 11/17. D. Fislzel, Ohio State University,  wlzo prepared i t  frorx trifluoro- 
n ~ e t h y l  iodide and  cadnz iun~  anzalgant by  the procedf~re  of Etr~eleus  and  Haszcldine (8). 
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linltage, would have been expected. 111 the absence of this dilfer-ence one may assume 
that the C-Hg-C angular relationship is variable in respect of the polarity of the 
substit~ient groups. 

r .  I e n ~ p . ,  I P,,,, P ,  aclclitive 
IbI-I g Solvent " C cc cc cc E*) D 

(CI-Ia)?I-Ig Iliosnne 20 33 . :3 - 22.6t 0 .71  
13cnzene 20 32.7 - 22.6 0.60 
Benzene 40 33. S - 22.6 0.74 

(CF3)1I-Ig B e n z c ~ ~ c  20 47.3 27.5:s 24.7 0.97 
CCli 2 0 29.2 27.5 24.7 0.29 

(C?Ils)rI<g 13el~zene 20 38.1 - 31.9 0.55 
(IZ-C31-I 7)2Hg I3cnze11e 20 47.3 - 41.1~ 0.54 
I ,7-Dioxa-4,10-merc~1ra-~y~locloclecane Benzene 20 01 .0  6.57: 62.6 1.17 
i\/Ierc~~racyclohesa~le 13e11zene 20 49. S .- 34.3 0.86 
h~lerc~rracycloheptane Carbor~ 

clis~~lphiclc 20 56.0 - 38. 9 0.90 

"Density at 22'. 4.693. 
t;\dditive ;ltomic constant lor mercury. 11.2 cc, as detern l i~~ed  by \Vilde. 
:Density ac 2 2 O ,  3.30. 

The effect of temperature on the polarizatio~i of climeth!~lmerc~~ry in benzene has been 
examined briefly. The appai-ent a~~gmerltatioll of moinellt with increasing temperature 
is similar to that found for diphenylmercury in the same solveat, but is so slight (0.05 
debye unit from 20 to 40°) that it might be ascribecl to esperimental error. However 
the clil'ference is substailtiated by comparison of the momelit of diethylmercury (0.55 D 
a t  20" in benzene) with that (0.39 D) reported in the same solvent a t  14.s0 (1). 

In view of the evidence for a C-Hg-C angularity i l l  these aliphatic bis-mercurials we 
have sought to examine analogues in which the angularity \ vo~~ ld  be intrillsic ill the 
structure. Of the last three items in Table I1 the first was once thought to be l-oxa-4- 
mercuracyclol~exane (9) but Grdenic proved by X-ray diffraction studies (10) that it is 
the dimer, 1,7-diosa-4,10-inercul-acyclododeca1ie. Beca~ise of the flexibility of a 12- 
membered ring and also because of a possible tendency toward co-ordination of merc~lry 
with oxygen, the s~ibstance is not the ideal example we sought for examinatioil of rigid 
angularity. Nevertheless a significant orientation polarizatioii is observed which cannot 
be attributed alternatively to an abnormal atom polarization. At most the latter cannot 
exceed 3 cc, according to the value which we have obtained for the dielectric constant 
of the solid substance. 

When 1,5-dichloromercuripe~ltane is treated with sodium stannite the climer of mer- 
curacyclohexane is formed esclusively, and this dirner seems to be the stable form. 
However, by treatment of 1,s-dibromopeiitane with sodium amalgam in ethyl acetate 
(11) the monomer may be obtained in varying yield. Although this monomer, C6H1~Hg, 
tends to transform easily to the dimer or polymer, it may be purified for immediate use 
by avoidance of elevated temperatures. The moment calculated from the electric polari- 
zation in benzene (0.86 D a t  20°) is closely comparable with the moments of the non-cyclic 
bis-mercurials shown in Table 11. 

Application of Hilpert and Gruttner's method for the preparation of mercuracyclo- 
pentane (13, 12) yields only one product which seems to be the dimer, according to an 
isopiestic determillatioil of molecular weight. Since the same product is obtained by 
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various reductions of 1,4-dichloro1nerc~11-ib~1ta11e it would seem that monomeric mer- 
curacyclopentane is too unstable for isolation in sufficient purity for electric polarization 
studies. The polarization of the climer (probably 1,6-climercuracyclodecnne, since it can 
be reconverted to l,-l--dichloromerc~1rib~1ta1ne by treatment u~ith mercuric chloricle) has 
not been measured. 

The preparation of monomeric mercuracycloheptane has been more successlul, and 
leads from either 1,G-dibromo11ex:une or 1,G-dichloron~ercuril~exi~~~e to a single product 
which is monomeric accorcling to isopiestic molecular weight cleterminations (15, 14). 
The product can be reconvel-ted to 1,6-clic11loromerc~11-i11exi~1~e by means of mercuric 
chloride. Its moment is not strictly comparable ~vith that of mercuracyclohexane because 
it has been necessary to use carbon disulphide as the solvent. However, the observed 
moment a t  20" (0.9" D) is almost identical with that of mercuracyclohexane. 

From these results it ~vould seem that the C-Hg-C angle must be greater than 108- 
110°, but it may be as low as 120-130" in a stable configuration. R~Ioreover, since the 
observed moments are less than twice as great as that  of the comparable diethyl- and 
dipropyl-mercury the C-Hg-C angles in the latter substances need not exceed 150". 

But this estimate shoulcl not be construed to imply a fixecl C-Hg-C angle for bis- 
mercurials. Indeed the apparent anomalies which have been observed by variation of 
temperature and solvent with diphenyl- :und dimethyl-mercury, and also the lack of 
correlation of moment with polarity of substituents, is a strong indication that  the 
C-Hg-C angle is widely variable. Perhaps this variability ought to be expected with a 
large atom-like mel-cury. Conversely one might say that mercurials are poor candidates 
for stereochemical studies. On the other hand the behavior of bis-mercurials may predict 
the day of better precision in measurement when no polyatomic substance is Itnown 
that will not be oriented by an electrical field. 

The authors are grateful for studentship aid and direct grants from the National 
Research Council ol Canada which suppol-ted this research. They wish to thank 3~Irs. 
L. Westland and R4r. F. La~~tensclnlaeger for aid in the experimental ~vorl;. Any experi- 
mental data not presentecl in the paper is available in the doctoral thesis of H .  Sa~vatzkq-. 

EXPERIMENTAL" 

1,4- Chloromercuri-bis-durene 
A mixture of 5.40 g (0.04 mole) of durene, 51.2 g (0.16 mole) of mercuric acetate, 

40 ml of acetic acid, and 120 ml of methanol were refluxed for 4 days. The precipitated 
solid was removed by hot filtration and was washed with boiling ethanol, 11.7 g. This 
acetoxyrnercurial was then dissolved in 300 ml of hot acetic acid and the partially 
cooled system was treated with a solution of 10 g (0.17 mole) of s o d i ~ l ~ n  chloride in 
50 ml of water. The solid product was filtered off ancl washed with boiling ethanol, 
11.38 g (47%). I t  may be crystallized from pyridine but has no melting point. X-Ray 
diffraction pattern is [lo] 7.50; [5] 4.45; [4] 3.97; [3] 2.85; [2] 3.52, 3.33, 2.96; [I]  4.63, 
3.84, 3.21, 3.01, 2.63. Anal. Calc. for CloHleHgzClz: C, 20.0; H ,  2.01. Found: C,  20.3; 
H ,  2.00. 

1,4-Methylmercz~ri-bis-durene 
Into 15 ~ n l  (0.0189 equiv.) of stirred methyl chloride or iodide Grignard reagent under 

nitrogen \vas added 2.00 g (0.0033 mole) of 1,4-chloromerc~1ri-bis-durene. To  the warm 

*Afelting points have been corrected against standards according to Can. J .  Technol. 34. 89 (1956). X-Ray 
diffraction is  reported at relative intensities 1/11 at d spacings i n  angstronzs t ~ s i n g  CuICol ( N i  filtered) radiation. 
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suspension was added 20 ml of ell-y diethyl ether. After 18 hours of stirring the system 
was poured on 50 g of crushed ice. Then 1% aqueous sulphuric acid was aclcled until the 
system was slightly acidic. After evaporation of the ether the solid (1.47 g) was filtered 
off and almost dissolved in hot benzene. Evaporation of the filtered solution left 1.35 g 
(73%) of product which did not melt. Purificatio~t may be effected by crystallization from 
hot benzene (25 ~ n l  per g) but prolonged heating will cause disproportionation. X-Ray 
diffl-action pattern is [lo] 7.65; [9] 3.50; [6] 6.83; [5] 4.38; [4] 5.05; [3] 4.68, 4.03, 3.64, 
2.26; [2] 2.92, 2.71; [I.] 6.30, 3.35. In carbon disulphicle a is 0.66 ancl /3 is 0.409, so P2, 
is 116.9 cc. With I\',, = 76.4 cc, the moment is 1.38 D. Anal. Calc. for CI?HlsHg,: C ,  
25.6; H ,  3.22. Founcl: C, 25.7; H ,  3.25. 

When a benzene solution of this material was treated with 2 mole equivale~lts of 
mercuric chloride in ether a urhite precipitate could be filtered off after 20 minutes. When 
this precipitate (88.7y0 after ether washing) was treated with bromine in aqueous 
potassium broinide it was convertecl to 1,4-dibromodurene, m.p. 200-203'. The benzene 
filtrate left methylmei-cul-ic chloride (83%, m.p. 164-168")  he hen it was evaporated. 

1 ,d-ildetl~~y1nzercul.i-bis-benzene 
To a stirred suspension of 2.40 g (0.1 atom) of magnesium in 50 ml of dry ethei- was 

added 2 ml of ethyl broinide in 50 ml of ether during 30 minutes. Then a solution of 
4.72 g (0.02 mole) of p-dibromobenzene and 3.85 ml (total 0.06 mole) of ethyl bromide 
in 100 ml of ether was aclded during 75 minutes. Strong reflus was maintained and 
continued cluri~lg 12 hours, then 1.2 ml inore of ethyl bro~nicle mas added. After 1 hour 
all the magnesium was consumed, so 27.2 g (0.1 mole) of mercuric chloride was intro- 
duced during 24 hours from a soxhlet extractor. 

The solicl product was filtered off and washecl thoroughly with water, boiling ethanol, 
ancl boiling benzeile. There remained 4.88 g (38%) of 1,4-bromornerc~1ribenzene, identified 
by conversion in 93% yield to I ,4-diiodobenzene, m.p. 127-12g0, by means of iodine in 
an alcoholic suspension of the mercurial. 

The filtrate from which this product was obtained was evaporated and then steam- 
distilled to remove 11.9 g of ethylmercuric bromide. The residue yielded 1.96 g (23% as  
p-bromophenylmercuric bromide) which may be crystallized from benzene, m.p. 234- 
236". I t  has bee11 converted to p-bromophenylmerc~~~-ic acetate, m.p. 198-201°, by means 
of silver acetate, and subseque~ltly to p-bro~nopl~enylmerc~~ric chloride, m.p. 251-253", 
by means of sodium chloride (16). Also it \\;as convertecl quantitatively to p-dibro- 
mobenzene by treatment with bromine in aqueous potassium bromide. 

To  a stirred suspension of 1,4-bromoi11erc~1ri-bis-benzei1e (4.30 g, 0.0074 mole) in 
25 ml of dry ethyl ether a t  0" under nitroge~l was gradually added 20 ml (0.02 equiv.) 
of Grignarcl reagent from methyl chloride or iodicle. After subseq~ient stirring for 90 
minutes the system was potired onto 200 g of crushed ice. The ether was evaporated 
and the remainder was extracted by 100 ml of pure carbon disulphicle. Evaporation of 
the extract left 2.26 g (6lYo of the bromomercuri-bis-benzene) which was crystallized 
from 50 ml of 1 :1 benzene - diethyl ether. The melting point of this methylrnercuri-bis- 
benzene is 190-193" with clecomposition a t  185" indicating disproportionatioi~. I t  does 
not contain halogen; X-ray diffraction pattern is [lo] 4.50; [3] 3.75, 3.03, 3.34, 3.21; 
[2] 5.92, 5.23; [I] 5.62. In carbon disulphide a is 0.29 and /3 is 0.400 so Pz, is 75.7 cc. 
If RD is 57.9 cc the moment is 0.91 D. 

Although a satisfactory elemental analysis was not obtained the methylmercuri-bis- 
benzene was analytically characterized when a suspension of 0.044 g (0.00087 mole) in 
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1 ml of ethyl ether was shalten for 3 hours with a solution of 0.047 g (0.018 mole) of 
mercuric chloride in 5 ml of ether. The solid was filtered off and ether-washed, 0.047 g 
(980j0) of 1,4-chloromercuri-bis-benzene which was converted quantitatively to 1,4-di- 
bromobenzene. Anal. Calc. for CGH~I-Ig~C12: C1, 12.93. Found: C1, 12.07. The ether 
filtrate was evaporated to yield 0.0441 g (100%) of methylmercuric chloride, m.p. 
168-170°, after crystallization from ethanol. 

I -Bromo-4-methylnzercuribenzene 
A suspension of 0.87 g of p-bromopl~e~~ylmercuric bromide (0.002 mole, obtained from 

the experiment reported above) in 25 ml of diethyl ether was stirred and ice-cooled 
under nitrogen, while 3.50 ml (0.0033 equiv.) of Grignai-d reagent from methyl chloride 
was added during 5 minutes. After 3 hours of subsequent stirring a t  ice-bath temperature 
the system was poured onto 75 g of crushed ice. The non-aqueous phase, dried by mag- 
nesium sulphate, was evaporated to leave an oil (0.63 g ,  82%) wl~ich solidified when 
chilled to 4'. I t  was twice crystallized by solution (at 23') in 1 : l  ethanol-chloroform 
(32 ml per g) and subsequent chilling to -78'. The purified product, m.p. 52.1-52.7', 
was characterized by cleavage with mercuric chloride, yielding methylmercuric chloride 
and 9-bromophen~~lmercuric chloride, each in 100% yield. The Grignard reagent from 
methyl iodide cannot be used in this preparation because disproportionation occurs. In  
carbon disulphide this mercurial has a = 2.01 ancl /3 = 0.436 so P?, = 122.9 cc, and 
p = 1.94 D i f  RD = 49.9 cc. 

Mercuracycloheptane 
A mixture of 450 g (0.195 atom Na) of 1% sodium amalgam, 16.5 g (0.07 mole) of 

1,G-dibromohexane, 3 ml of ethyl acetate, and 25 ml of benzene was shalten a t  70° 
(infrared lamp) for 1 clay, after which time 25 ml each of benzene ancl water was added 
with agitation. After separation of the non-aqueous phase a subsecluent extraction with 
23 ml of benzene was accomplished. Evaporation of tlle benzene left 7.6 g of oily solid 
which was purified first by three crystallizations fro111 chloroforn~ (3 ml per g)  fro111 
23' to -78O and then bl. repeated crystallization from 4 : l  ether-benzene and fro111 
1:s ethanol-benzene (3 1111 per g) to melt a t  58.5-60.2'. Anal. Calc. for CGHl2Hg: R/Iol. 
\lit., 285. F o ~ ~ l l d  (Willard and Blank (13)): 1401. wt., 273. Found (Barger-liast (14)): 
11101. ~v t . ,  286. 

1,6-Dichloro~?tercurihexane 
A solution of 2.84 g (0.01 mole) of mercuracyclohepta~~e in a minimum of benzene 

was treatecl with 2.72 g (0.01 mole) of mercuric chloride and then 10 1111 of ethyl ether 
was aclded. The ~vllite suspension formed by stirring was filtered off and washed thoroughly 
with ether, 5.60 g (10070) of 1,6-dichloromercurihexane. Anal. Calc. for CGI-Il,Hg2Cln: 
C1, 12.75. Found: C1, 12.69. After crystallizatioil from hot dimetl~ylsulphoxide (15 ml 
per g) it melts questionably a t  290' with decon~position. The X-ray polvder diagram is 
[lo] 11.72; [9] 3.31; [7] 2.65; [5] 2.38; [2] 2.99; [l] 2.25, 3.99, 4.44. Reduction of this 
high-melting mercurial by alltaline sodiu~ll stannite forms mercuracyclol~eptane, m.p. 
58-60", in 90% yield. Identity was established by mixture melting point. 

il~ercziracyclolzexane 
A mixture of 15 g (0.065 mole) of dibromopentane, 450 g (0.2 atom) of 1% sodium 

amalgam, 3 ml of ethyl acetate, and 50 ml of dry benzene was shaken in a stout sealed 
bottle a t  75' for 24 hours. After treatment with 100 ml of cold water the spent amalgam 
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was separated a i d  washed with 50 ml each of water and benzene. The  benzene solutions, 
aclequately clried, were vacurlnl evaporated leaving 8.20 g of oil. This oil was twice 
exti-actecl by 5-minute reflux with 25 ml of absolute ethanol. The  quicl;ly coolecl extract 
was filtered and Eurther chilled to 40'. Slo\vly thel-e appeared 0.53 g of crystals. Contrary 
to Hilpert ancl Gruttner the substance was found only in the extract. Three rapid 
crystallizations fro111 a benzene-hesane mixture gave a procluct, 1n.p. 122.4-122.S0. The 
monomer seems to be very unstable thermally, and so~netimes is 11ot obtainable. 

When this product \vas treated with mei-curic chloride, a quantitative yield of 1,s-di- 
c h l o ~ - o m e r c ~ ~ r i p e ~ ~ t a ~ ~ e  was obtained. The X-ray diffraction patter11 of this bis-chloro- 
mercurial is: [lo] 4.33; [9] 3.34; [S] 3.18; [7] 3.56; [GI 1.07; [5] 2.71; [3] 2.11; [2] 2.45, 2.35, 
2.30, 2.07; [I.] 2.86, 2.17, 1.82, 1.78. Regeneration of the bis-mel-cul-ial b), treatment wit11 
sodium stannite yieldecl only the cliiner described by Hilpert and Gr i~ t tner  (11). The 
monomeric bis-mercurial clccomposed in boiling ethanol to yielcl an oil which seems t o  
co i~  tail1 the climer. 

1 ,B-Dinzercuracyclodecane 
(a) From dibromobutane. -A mixture of 450 g (0.2 mole) of lYo sodium amalgam, 

15.3 g (0.07 mole) of l,4-clibromobutane, 3 in1 of ethyl acetate, ancl 25 ml of benzene 
was shalten lor 30 hours a t  70°. The  coolecl system was then shalten with 25 ml of water 
ancl the beilzene layer was separated ancl con~biiled ~v i th  a subsequent 25 ml benzene 
washing. Evaporatioil left an oil, 10.79 g, which was washecl n~i th  colcl ether leaving 
3.79 g of sticky solid. Crystallization from an etlier-benzene mixture gave a product, 
m.p. 44-45.2'. 

(b) From 1,4-dichlorornercz~ribt~ta~ze.-A salnplc of 0.50 g (lo-' mole) of 1,4-dichloro- 
mei-cuributane was treated with 40 1111 of 10% aclueous sodium hydroxide ancl then 
with a solution of 1 g of stan~ious chlol-icle dih\.drate in 20 ml of 20y0 aqueous socliu~n 
hydroxide. The blaclt suspension was filtered off when no more color change occurred. 
The black product was extracted with boiling xylene ~vhich was evaporated a t  low 
temperature leaving 0.17 g ((i(i76) 1n.p. 37-40°. Crystallization from ether-benzene 
raised this melting point to 4:<-45". R4olec~llar weight cletcrminations b ~ ,  the isopicstic 
method of TVillai-d and Blank gave an average value of 400, ~v l~ i l e  a frcezing-point 
depression in d i p h e n y l m e r c ~ ~ r ~ ~  gave a value of 517. The calculated molecular weight 
is ,513. 

1,4-Dichloromercuribz~ta~ze 
'\\fhen 0.1204 g (253X10-G mole) of d i m e r ~ u r ~ ~ c ~ ~ c l o d e c a n e  in benzene is treated with 

0 1390 g of nlerci~ric chloride dissolvecl i l l  a minimum of e thj  1 ether the resulting precipi- 
tate,  ~vashecl with benzene and ether, weighs 0.253 g (93%). Its X-ray cliffraction pattern 
is [lo] 3.18; ['3] 4.61; [7] 2.0'3; [5] 2.ti2; [1] 2.41; [:<I 3.55, 1.78; [2J 2.53; [ l ]  4.00, 3.47, 2.40, 
2.03 after crystallization from hot rlimethylsulpl~osicle; 111.p. 21-)2-29:3' (~vith decoin- 
position). Anal. Calc. for CIHloE-Ig2C11: C1, 13.3. Founcl: C1, 13.3. 

Dialkyl7rzer~ury IIo?uologu,es 
These rncrcurials mere prepared from all:ylinerc~~ric llalides accordi~lg to the lollo~ving 

general procedure. 'l'he all;ylmercu~-ic halide (0.026 mole) was dissolved ancl suspenc1e:l 
in 150 ml of 10Yo aclueous sodiiiin hydroxide. A solution of 8.33 g (0.035 mole) of stannous 
chloride dihydrate i l l  100 ml of aqueous sodium hydroxide \\-as addecl. N t c r  3 h o ~ ~ r s  of 
agitation the system was stearn-distilled (~neth!.l and ethyl) or ether-extracted (prop>-1 
ancl butyl). All were clried with 1nag1lesii11~1 sulphate over ail ether solution or (methyl) 
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directly by potassium hydroxide pellets and then distilled. All except dilnethylmercury 
(m.p. -42.8 to -41.9') are unstable ill light and dibutylmercury is unstable to heat. 

PHYSICAL I'ROI'ERTIES OF DlhLliYL3IERCURY EIOhlOLOGUES 

Roiling point, 
Allcyl " C rnm a:: 

Methyl  90.7-91.1 755 1.54513 
Ethyl 50-5 1 1 (i 1.54541 
n-Propyl 80.0-80. G 16.5 1.51755 
11-Butyl G7 0.55 1.50812 

48 0.35 

Other bis-Mercz~rials  
Diphenylmercury was dissolvecl in hot 93% ethanol (40 ml per g) and allowed to 

cool very slowly with stirring, 1n.p. 123-126'. The purification of 1,7-diinercura-4,lO- 
dioxacyclododecane (10) was effected by crystallization from chloroform, m.p. 145-14G0, 
and its dielectric constant a t  22' was found to be 2.975. I-Iexafluorodi~nethylmercury as 
received from Mr. Fishel was subliined a t  85-05' and 750 mm until the melting point 
was constailt a t  166-166.5'. 

Purification of Solvents 
Benzene was purified according to a previous descriptioil (17) ancl was stored over 

sodium under nitrogen, E = 2.284 and d = 0.8788 a t  20'. Dioxane, prepared as was 
described previously (17), was stored under ~litrogen \vithout sodium, E = 2.224 and 
d = 1.0336 a t  20'. Carbon disulphide was thrice-stirred during 2 hours with 100 ml of 
2.5% aqueous potassium permanganate per liter, then for 5 hours with metallic inercury 
(250 g per liter), and finally with 2.5% aqueous mercuric chloride (100 ml per liter). 
After drying with p l~osphor~~s  pentoxide the solveilt was distilled and stored under 
nitrogen i11 the dark, E = 2.646 and specific volume = 0.79133. Lilte dioxaile it is un- 
stable. The purificatio~l of I 1  liters of carboil tetrachloride was accomplished by the 
method of Ingold and Powell (18) by digestion a t  50-60' for 3 hours with 750 ml of 
Fellling's solution. The non-aqueous layer was then refluxed with 5y0 a q ~ ~ e o u s  s o d i ~ ~ m  
hydroxide for 3 hours, then ~irashecl with water and stirred about 15 times with 100-ml 
lots of conce~ltrated sulphuric acid until coloration ceased. After being ivashed with 
aqueous sodium carbonate the carbon tetrachloride was azeotropically distilled to 
remove most of the water. Then it was dried with pl~ospl~orus pentoxide, distilled, and 
stored under nitrogen in dark bottles, E = 2.2415 and 17 = 0.62730 a t  20'. 

Dielectric Constants of Solzttions 
All determinations were made a t  500 kc in the apparatus described previously (19). 

Except for the studies with dipheny1mercu1-y in carbon tetrachloride no experiment 
was accepted if the illdividual determinations did not perinit linear plots of d ~ / d w  (a )  
and d V / d w  ( P ) .  i\'Ioreover, no experiment was accepted in which the extrapolations of 
a and 0 to zero concentration differed more than f 0.0002 in specific volume and f 0.002 
in dielectric constant from the values tabulated as follows. 

Dielectric Constants of Solids 
The method described previously (17, 20) has been followed. The pellet thickness 

was measured after the determination a t  5 RiIc by averaging the gauged value a t  4 
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DIELECTRIC CONSTANTS asn srvzcrFrc VOLUMES OF PURE S O L ~ E Y T S  

20" 25" 30" 40° 
- 

Solvent E V e V e V E V 

Benzene 2.28-49 1.1381 - - 2.2612 1.1524 2.2395 1.1670 
Diosane 2.2206 0.9675 - - - - 2.1851 0.9900 
Carbon disi~lphide 2.6470 0.7011 - - - - - 
Carbon tetrachloride 2.2426 0.6273 2.2306 0.6313 - - 2.1986 0.6436 

2.2380 0.6270 2.2272 0 6310" - - 2.1962 0.6435 

*The final six values are the best obtained for CClr to date. 

quadrants of the cylinder; also oftentimes the pellet was brolte~l into halves and the 
center measured as well. A redeterrninatio~l of the clielectric constant of diphenylmercury 
pellets gave a value of 57.1 cc, thus co~lfirlni~lg the previously reported value (19). 

Infrared Spectrz~m of Diphelzylmercury 
Only three absorption bands were found in the 900-300 cm-I spectral region for a 

lOOjo solutio~i of diphenylrnercury in benzene, although the strong absorption of the 
solvent a t  680 cm-I may have obscurcd the behavior of diphenylmercury i l l  this frequency 
range. The  bands a t  732 cm-I (goyo absorption) ancl 706 cm-I (40y0 absorption) were 
symmetrical arid well resolved, but  the band a t  463 cm-I (30% absorption) was unsym- 
metrical, showing evidence of perturbations on the low frequency side. This band also 
is of interest because of its possible relationship to the angle of swing postulated by 
deLazlo (21) for bis-bromophenylmercury. 

Organonzercuric Halides 
With the exception of the first and fourth items of Table I11 these substances were 

prepared by cleavage of bis-mercurials by means of mercuric chloride in ether solutio~l. 
The  methylmercuric chloride was crystallized (13 ml per g) from 95y0 ethanol, m.p. 
168.7-169.6". The  ethyl analogue from 1:l benzene -carbon tetrachloride melted a t  
191.8-192.9". The propyl homologue from %yo ethanol (15 ml per g) melted a t  141-143' 
b ~ ~ t  after sublimatioll melted a t  142.1' to 142.7". The  butyl homologue crystallized 
from benzene (5 ml per g) to melt a t  125.5-126.2' and then from %yo ethanol (15 ml 
per g )  to melt a t  126.9-127.2'. 

The  preparation of chlormethylmercuric chloride was carried out according to Heller- 
man and Newman (22). The  97.5% yield was crystallized from ethanol, 111.p. 128.5-130'. 
The  X-ray diffraction is [lo] 10.30, 3.22; [8] 4.05, 3.26; [GI 2.65, 2.62; [1] 1.90; [2] 2.35, 
3.52; [I] 4.87, 2.93, 2.43, 2.00. I t  is of interest that  the compound also may be obtained 
by the action of diazomethane on 2-hydroxyorgruiomercuric halides. 

These chloromercurials \\rere prepared to demonstrate that  the R-Hg group becomes 
more electropositive with increasing size in the normal homologous series. This behavior 
is shown in Table 111. 

'TABLE 111 

POLARIZATION DATA, ORGANOhlRRCURIC HALIDES, RIlgCl 

R Solvent LY 4 P2-. cc RD, cc ILL. D 

.h-Bromo~henvl Dioxane 1.32 0.690 114.8 50.1 1 .75  . Methyl - ~ -  r - ~ ~ ,  - - .~ ...- ~- 

Diosane 6.02 0.i46 2 6 i . 3  22.9 3.36 
Ethyl Dioxane 6 .80 0.778 306.9 27.5  3 .64 
Chloroniethvl Diosane 3.80 0.723 197.9 27.8  2.84 
n-Propyl Benzene 5.60 0.822 315.9 32.1 3 .67 
n-Butvl Benzene 5.94 0.750 357.7 36.8  3.90 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

N
O

R
T

H
 T

E
X

A
S 

L
IB

R
A

R
Y

 o
n 

11
/1

3/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



S.AWrZTZKY AND WRIGI-IT: BIS-MERCURIALS 1560 

A s t u d y  of t h e  d ie l ec t r i c  c o n s t a n t s  of t h e s e  solid o r g a n o m e r c u r i a l s  is in p rogress  with 
a v i e w  to c l a r i f y  the d i s c r e p a n c y  b e t w e e n  the P,,, v a l u e s  which we have m e a s u r e d  

versus the c a l c u l a t e d  values w h i c h  appear in the literature (23). 
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