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INTRODUCTION

That atoms could be bound together to form molecules
has been recognlzed throughout the development of the sclence
of chemistry. Late in the seventeenth century Soyle conside-
ered chemical combination to be the result of atomic associ-
ation. Later Daliton evolved his atomic and molecular the-
ories., Since these early beginnings the ldeas of valence
have grown until at the present time three general types of
interaection bebween atoms are recognized: (1) electrostatic
attraction between ions, (2) formastion of covalent linkages
between atoms, and (3) intermolecular action or van der Vaal's
forces.

The first complete formulation of the facts concerning
valence was perhaps that of G.N. Lewis (23). His fundamen-
tal ideas were: (1) the various atoms in a compound have a
tendency to take on or glve up electrons in such a way as to
become surrounded Ly a shell of eight electronsy (2) the
tendency exlsts for certaln electrons, to which the binding
power ls ascribed, to be geometrically localized between the
two atoms bound together, and (3) the tendency exists for
these bonding elsctrons to occur in pairs. The bonding e~
lectrons may be shared equally as in the hydrogen molecule

or unegually as in the sodium chloride molecule. Between



these two extremes all degreagyef sharing are possible.

The

mnodern theories of chemical bindling developed by

guantum mechaniecal methods all lead back to the fundemental

ideas of

Lewis. These theorles attempt to give at least a

- semi-guantitative mathematical description to the matter of

chemleal

binding, and in so doling place emphaslis on the Lewls

theory in different ways. Depending on the method of ap-

proach, three theories of chemical binding may be distingulshed.

As outlined by Kronig (27) these are;

(1)

(2)

(3)

The Heltler and London theory.

This theory starts from the states of the zep~
arate atoms entering into a compound and interprets
the saturation of valences and the eleciron pair
bond by the neutralization of the electron spins.
The Pauling and Slater theory.

In this theory the states of individual elecw
trons of the atoms sre considered and, for the first
time, a physical meaning is given to the directed
nature of the valence bond.

The Mulliken and Hund theory.

This theér? is based upon the properties of the
¢lectrons in the wolecule as a whole. It does not
consider separstely the atoms which make up the

molecule.

These modern theories tend to strengthen the idea that
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a chemical bond 1s due to the sharing of electrons. Then the
character of the bond between two atoms should be dependent
upon the nature of the sharing of the electrons forming the
bond. Furtherwmore, since certalin groups or radicals retain
their identity in 8 large number of organic molecules, these
redicals may be considered as units. The character of the
bond formed between an organic radical and an atom should be
a function of the ease with which the radical will share an
electron. In other words, the nature of the bond should be
a function of the electron sharing abllity of the organic
radical.

The electron sharing abllity should furnish a basis for
arranging all organic radicals in a series snalagous to the
ak@etr@ahﬁﬁieal series of the elements. If such an arrange-
ment of radlicals exists, one should find a regular variation
of the polar propertles of compounds containing the radieals.
For exanple, the ionizatlion constant of a compound such as
E«Qﬁ%g should vary as R is replaced by successive members
of the series. A regular variation should also be noted in
the dissococlation constentsof a series of primary amines,
R-NHe, as R 1s varled. That the electron sharing abllity of
the radical should affect these ilonizations can be made more
cbvious by a consideration of & compound such as R-0-H. If
R has a strong tendency to take on electrons it would tend

to »ull them away from the oxygen abom, thus leaving the oxy-
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gent more positive. This more positive oxygen atom would in
turn pull an electron from the ﬁyﬁrcgeﬂ atom and allow the
hydrogen to pass off as a positive ion. On the other hand
if R has a greaber tendency to give up an electron, the com-
pound would tend to ionize to give R® and OH™. Hixon and
thna {10) found that the functional relationship between
the electronm sharing ability of radicals and the lonlzation
of primary amines could be expressed Dy an equation of the
type:
Log K = ke2X*R 4 ¢

where K = dilssocistion constant, |

z » electron sharing ability

k, &, b, and C = constantis.
This equation served as a basls for arranging the radlicals
in a seriesg sccording to thelr electron sharing ability as
measured by its effect on ionization. The order found for
the rsdicals is shown in table I.

Table I. Radicals arranged in the order of increasing electron
gharing abllity.

Methyl ‘ Phenyl

Ethyl o~tolyl

Propyl D=DProno
Tertliary Butyl p=chiloro

Allyl alphe-narhthyl
Benzyl p~nitrophenyl
p-anisyl menitrophenyl
p-tolyl Cechlorophenyl
m~tolyl o-nitrophenyl

o-anisyl ecyanide
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Later work haes confirmed this corder for the radicals,
and seems to indicate that the idea of electron sharing a-
bility 1z a fundsmental concept. The evidence for this con-
cept may be cutlined as follows:
I. Indirect ehemical evidence.
&, Foullibrium constants in water.
1. Ionization of organomercury nitrates (14).
2. Ionization of alpha-substituted pyrroli-
dines (5, 34).
3« Ionization of alpha-substituted pyrrolines
{34).
4, Ionization of N-substituted pyrrclidines
(5).
B. Egquilibrium constants in methanol.
1. Ionization of carboxylic acids (9).
2. Ionization of primasry amines (9).
3. Tonlzation of substituted pyrrolidines (9).
C. Eguillibrium constants in ethanol.
1. Ionization of carboxylic acids (9).
2. Ionization of primary amines (9).
3. For the reaction
23}3%1—.‘_—_:32;3@ + Hglgp (12).
4. Por the reactlion

RHgCON < HCLT——RIgCl + HCN  (2).
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De Equllibrium constants in benzens.
1. Por the reaction
(313%{({}21)%13:815(32%0 + RSH (13).
IT. Indirect physical evidence.
Ae The atomliec refractivity of mercury in a series
of R-Hg-R compounds (4},
9, Thermal stability (decomposition temperature).
1. R-Hg-CN (3).
2. R-Hg-N0z (11).
3. RoHe (4).
in all cases listed as indivect chemical evidence the
effect was measured by observing the change in some polar
property of a compound containing the radical. The reactlions
used in all these studies were reversible. The methods for
measuring electron sharing abillity are indirect because the
effect of the radical nmust be m@asuréd indirsectly by its ef~
fect as transmitted through an intervening atom or group.
For example, ta}praﬁuca a varliastion in the dissociation of
RNHzOH the radical must transmit its effect through the nitro-
gen atom.
A more direct method would be to conslider some property
of the bond by whlch the radical is attached to an atom or
group., This should show in a more direct manner the exact

nature of the effect whieh the radicsl has upon the R-X bond.
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As suggested by Carr, {3) refractive index studies should
prove & step in this direction. PFajans and Joos (8) and
gmyth (33) have shown that refraction can be used as & meas-
ure of the constraint under wiich electrons asct in molecules.
Applying the ideas developed by these suthors Carr (4) rea-
soned thatb in’a series of compounds such as R~Hg~CH or R-Hg-R
the atomic refrsction of amercury should very with the electron
sharing abllity of the radical. In the mercury atom alone
the electrons act urder the influence of a certain constrain-
ing force which may be caleulated from the refractivity of
the mercury atom. Then if the mercury is attached to a rad-
ical, the electrons of the mercury atom which form the bond
between R and Hg will be Influenced alsoc by the constralining
forve exerted on them by the radical R. The constraining
effect of the radical should cause the atomlc refractivity
of the mercury atom in the compound to be diffsrent from that
obaserved for free mercury.

Table II shows the atomlc refractivities of mercury and
the thermal decomposition temperatures for a number of com-
pounds as determined by Carr (4). For the cyanides the
atomlic refraction of the mercury was calculated by subtracting
the molar refraction of R~CH from that of R-Hg-CN. Likewlse
the molar refraction of R-R wéa subtracted from that of
R-Hg-It to obtain the atomle relfraction of the mercury iz the

R~Hg~R compounds.



Table 1T. The stomle refractivity of mercury and decompo-
sition tewmperature for some organomercurials.

: Decomposition : Atomic refraction

{ompound stemnerature {(degrees): of Hg
CHzHgCH 260270 . 10419
CollgHgCH 245-265 11.53
Cali CHoHECN 208216 13.07
0-C1CgH,CHoHEON 210-215 - 13.07
Csﬂﬁﬁgﬂﬁ Above 250 10.58
p~CHCgHyHeCN Above 250 9.35
(CxHy ) oHg 190 12.25
(CgHyCHy ) oHE 170 13.61
(CaHy )il 300 11.42
Hg vapor (8) 134904

This teble shows thet when the atomlc refractivity of
the combined mercury has a maximun value the resulting come
‘pound 1s very unstable. A maximum in the refractlon corre-
aponds to a minimum constraint for the electrons. That the
mereury atom in dibenzylmercury and benzylmercury cyanide is
loosely bound is shown by the ease with which it is removed
by the application of heat. On heating, these compounds de-
com§aae accoyrding to the following equations:

R-fg-R28WR__z » ug

R-He-cu{beat)Ra-cu + Hg
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If the order of the radicals shown in table I is re-
tained, the curves obtained by plotting the electron sharing
ability of the radicals against the thermal stabllity of the
organomercury compounds shows a minimum. On the other hand,
the curve of the atomle refraction of wmercury in these com-
pounds shows & maximum. This maximum occurs at the same point
on the electron sharing abllity axis ss does the minimum in
the thermal stabllity curve. If the radicals are arranged in
the order of increasing atomle refractivity of the mercury,
they assume approxlimately the same order found by Kharasch
(17, 18, 18), from a study of the irreversible splitting of
unsymmetrical orgenomercury compounds.

Undoubtedly there are several factors which determine
the electron sharing sbllity of an orgenic radical. The two
typea of methods outlined previously may place emphasis on
these factors in dlfferent ways. PFor example, assume that
two fectors important in determining the eleectron sharing a-
bility of the radical are mass and symmetry. The radicals
could be arranged simply in the order of increasing mass.

On the other hand, the dielectric constant of a series of
compounds of the type R-X could serve as s bassis for classie-
fying the radicals. Cbviocusly this method would place much
more emphasis on symmetry than on mass. Unbil the exact
factors which determine the electron sharing abllity of a

redical are known and the effect of ench determined, the
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order of the radicals cannot be definitely fixed. 4 direct
study of the carbon-mercury bond throughout a serles ol com-
pounds should help to clarify these guestions. To make such

a study was the chiefl purpose of this investigation.
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STATEMENT OF THE PROBLEN

The purpose of the present study mey e outlined as

follows:

1. To investigate the theoretical possibilitles of using
Raman spectra as & tool in the eluecidation of electron
sharing abillty.

2. To assewmble anparatus sultable for Raman spectra
studies.

3. To cbtain and study the Raman spectra of a series of

compounds of the type Rgﬂg.



THECRETICAL COHSIDERATIONS

When the molecule ls considered as a dynamic system in
the interpretation of Raman spectra, there are several simple
postulates which are basic. As autlined by Andrews (1) they
are;

1. The freguencies of the Raman shifts correspond to
the characteristic fundamental mechanical frequencies in the
molecule «

2. The masses of the vibrabting mechanlcal system are
the nueleld of the astoms arrsnged 1n space as Iindicated by
X-ray studies of erystal structure and by deductions from
stereo chenlistry.

3. The f@rces under which these masses vibrate may, as
a first approximation, be consldered as acting along the lines
associated with the chemlcal valence bonds. 7They can be
characterized by two slastic eéﬁstamts, the stretching con-
stand and the bending constant. The stretching constant
gives the restoring force when the two atoms are pulled a-
part unit distance from thelir equillbrium positions in the
molecule. The bending constant glves the restoring force
when the angle is altered bLetween the bonds Joining a central

gtom to two other atoms.
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4, The ampllitude of vibration will be so small compared
with the equilibrium distances belween any two atoms that the
variation of the force with distance will obey Hooke's law.

5. The elastlec constants for any type of bond are inde-
pendent of the structure of the molecule in which it occurs,
1f there are no neighboring dipoles present. (The exact de-
sc%i@timn of the forces between the atoms varlies considerably
with the author and the type of molecule being conslidered.)

The [i1fth of these postulates has a direct besring upon
the present problem. As a preliminary test of this postulste,
consider the Raman frequencles observed for uethyl chloride,
methyl bromide, and methyl lodide. These compounds show the
following freguencles: 710, 594, and 522 due to the C--X bond.
Substituting these values into the eguation for a simple
harmonic osclllaeter one can calculate the elastic constant k

for the C--X bond.

yﬂm,///;:

or , _ 4Zﬂrzyu’271/

where /. - _J L, /[
re

2
vhere kX « force constant

/M = reduced mass

Z = frequency of vibration

7, m, = mass of vibrating particles.
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This @gpé%dur@ yields three values for k in dynes per cme.:

e

3.12 x 1d§§i 2.61 x 1@:@ s 2415 % 1§f5j, respectively.

The variation of k may be interpreted as meaning that
the strength of the C--X bond incresses as we pass Ifrom the
iodide to bromide to chloride. Tne stabllity of these com=
pounds increases in this same order. The degree of loniza~
tion of the hslogen aclds decreases in this order.

In carrying this »rocedure over to the more complex
orzanic molecules which show numerous lines, one must assume
that a particular observed frequency may be assoclated with
one bond in the molecule. The validity of thls assumption
is evidenced by the fact that whenever a carbon~hydrogen
bond oceurs in a compound freguencies near 3000 em.~l are ob-
served. ILlkewlse, il s carbon~carbon bond is present fre-
gquencles near 1000 are cbaserved. Theoretical consideratlions
also support this asssumption. A study made by Lewis (29) on
coupled vibrations showed that if groups of vibrating parti-
cles sre coupled together, there should be two results. First,
frequencies should be observed walch sre slight modificatlions
of and grouped around the fregquencies observed when the groups
vibrate alone. 3Jecond, there should be frequencies present
which are slight modifications of the frequencies observed
1f the indlvidual groups are considered as rigid units to
form a new system. The freguencies Qbserved for a particular

bond vary somewhat with the structure of the moleculs. A
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study of this wvariaticn should help to explsin the nature of
the electron sharing ablility of organic radicsals.

A bond chosen for such a study should show a frequency
in a region of the spectrum free Irom lines due to other bonds.
The C=N bond fulfills this condition remarkably well. All
compounds having the ¢8N¥ bond exhliblt a frequency near 2100
cm.~L while if no such bond 1s present in the compound no
freguency 1s observed in this region. If the CsN group is
conaldered as é syetem of two perticles, it should have a
aingle frequency which may be called Z/, . Then if this group
is coupled to another group, R, Z/ should be shifted slightly
to a new position,Z/ . The modification of Z4 , i.e.%,—Z/,
is o direct measure of the coupling coefficlent between R and
the CN group. The coupling coefficient is defined as the
ratic between the coupling within the group and the coupling
petween the groups. Then if the binding within the CEN and
R groups remains unchanged when the two are coupled together,
the shift in 7/ , #—Z;, will measure the strength of the
coupling. If the strength of an R~--CN bond is determined by
the electron sharing ability of the radicel ¥, then 164’2%
will be a function of electron sharing ability.

Table ITI shows the frequencies reported (6) for a

mumber of compounds of the type R-=C¥.
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Table IITI. PFrequencles reported for a series of cyanides.

Compound : Z : Z, — Z¢
CN (fon) | 2080 0
HCR 2094 14
CH.CH 2250 170
collsen 2246 166
CzHyCH 2245 165
(CHz ) pCHCHoCN 2245 165
(CHy ) oCHOH,CHACH 2241 161
CgHrCHON 2248 168
0=0Hz0HCH 2225 145
CgHgCN 2227 147
CH-=CN 2334 254

Table IIX shows that there is a varistion in the fre-
quency due to the (=N bond as the radical is changed. Al-
though the totsl varlation over the whole series is slight,
this frequency tends toward a maximum In methyl or benzyl
cyanides. I the R-C bond is so strong that the R-C group
vibrates aa a unit,‘them from equation (1) the CsN frequency
should vary inversely with the mass of R. However, the
exact mass of the radical which is effective is uncertain.
Therefaﬁ% this effect cannot be evaluated directly.

The foregoing discusslion shows that to obtaln useful
information from Raman spectra studies on a series of com-
pounds the series should possess the following character-
lstics.

l. The individual compounds should show freqguencles in
a region free from other lines.

2. The freguency or fredquencies studled should vary con-
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siderably as R 1s varled.

Since refractive index (4) and thermal stavllity data (4)
gre avallable for a series of R-Hp~R compounds these were
chosen for the present study. They should be well suited to
such a study for several reasons. First, since R 1s attached
directly to the mercury the eflfect on the R-Hg bond can be
observed directly as R is varied. Second, since the mercury
is very heavy the freguencies of the molecule assoclated
with it should be low and fall in a reglon relatively free
from other Raman lines.

As an approximatlion one may consider the symmetrical
mercury compounds as composed of three particles, and re-

present them as shown in Pigure 1.
&

T T i e

v - \"’.} 4

L A e o *" R
f’.?f”_’,‘ \,j- o Mdel “of g Symmetrical héryg‘,w'.;
L o mercery  compound. SR

”
0.

L N

Ky represents the restoring force in dynes when the
mass m 1s displaced unlit distance from its equilibrium po-
sition. In this sense, Kj measures the strength of the
carbon-mercury bond. Kx represents the restoring force

when the angle between the two carbon-mercury valence bonds
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is altered, hence it measures the resistance of the carbon~-
merveury bond toward bending.

Insofar as they are avallable dipole moment meagure-~
ments and electron diffractlon stuiles (32) indicate that
molecules of this type are linear. At least the two valence
bonds of the wmercury form an éngle of 180° with one another.
Any &aviatiﬁnvfrem a linear structure in the radical itself
will not be very important in the present considerations.
Yales (39) used a linear model as shown in Figure I and cal-
culated the fundamental freguencies for the system. The
modes of vibration corresponding to these frequencles are
shown in Figure II.

Several interesting and useful relationships are shown
by these equations. A8 l1s apparent from eguation (2) VT
is Independent of the mass of the mercury. Therefore if kjy
can be determined by a separate means, eguation (2) offers
g mothod for evaluating the effective mass of R. Equation
(6) offers a means for evaluabting k3 which does not ex-
plicitly involve the mass of the radieal. Eguation (5)
should prove of value in locabting J%{ provided, of course,
m can be evaluated and be located. Theoretlcal considera-
tiong beyond the scope of thisg thesls show that 2%f , the
symmetrlcal frequency, should be the most intense freguency
observed in the Raman spectra.

In order to test the validliy of this method, it may
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be applied to the diethyl- and dimethylmercury compounds.
Thompson and Linnett (35) have made a rather complete dy-
namical study of these molecules and have assigned the fre-
guencies observed by Pai (31) teo the fundamental modes of
vibration of the molecular model. The modes of vibration
and observed frequencies are shown in Pigurs III. The
numbers in parenthesis are the intensities of the observed
Raman lines.

Table IV shows the observed and calculated freguencies
for dlethyl~ and dimethylmercury. The values for the force
constants for the carbon-mercury snd carbon-carbon bonds
seem rather improbable. However, the general agreement
with the experiméﬂﬁauyObservaﬁ frequencies is rather good.
5t111 closer agreement between the experimentally observed
and celeunlated frecuencies was obtalned by these asuthors
when they selected the calculated frequencies from two sets
of data. One set of data was calculated assuming the
structure shown Iin Plgure III. The other caleculations were
based upon & structure in which one ethyl group of Figure
IIT was rotated 180° about the carbon-mercury bond. The
close agreement between the calculated and observed re-
sultes 1s not surprising when one conslders there were a
total of six constants which were adjusted to obtain seven

frequencies.
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Table IV. Observed and calculated freguenciles for diethyl-
: end dimethylmercury.

DIty Lorcury T DIEethy o Cur
Observed s Gmiculated ¢  Observed 3 Laicuiated

140 (1) 135 z7' 156 (2) —
212 (2) - 2157/ 255 (0) -
259 (3) 255 24’ 515 (8) —
320 (0) —— 565 (1) o
495
485 (8) 480 24 700 (3) -
562 (0) ——
833 (0) —
958 (1) 970 24’
1008 (3) 985 2’
1055 (2) o

The followlng constants were used in caleculating the
above frequencies.
Constants for (CgHgloHg Constants for (CHgz)pHg

g = 1.7 x 105 dynes per Cm. k1 = 2.33 x 10° dynes
pel‘ Clile
ks = 3.9 x 10° dynes per cm.
; or Ky = 2.44 x 108 dynes
ko= L7 % 10~11 dyne cme per radian per .

kg = 0.6 x 10711 dyne cum. per radian ¥ w 0.46 x 10~+1 dyne
cm. per radlian

B = 68° or k, = 0.48 x 10~11
dyne cm. per
41 = £2.25 x 107 cm, radian
dg = 1.54 x 10°8 cm. ‘m = 15
m = 15 M= 201
mnme = 14

M = o0l
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Table V shows the results obtalned by aprlylng equa-
tions (6), (7), (8) and (9) to the observed frequencies for

diethyl- and dlmethylmercury as given in Table IV.
Table V. Calculabted constants for dlethyl- and dimethyl-

METOUrY .
ky ¢ k T s Koo 144, tom ¥ H: m
(1) i (4 i 63 s ) om T (8)

(Clg)gHg .16 2.34 2.456 0.09 0.09 1.1  1.07 16.7

Constant » k
Ltguation : (6

LI 7Y
s ae

(Colig)oHg 4.67 4.05 4.31 0413 0.13 1.16 1.17  11.3
1.95% 2.,28% 0,06 0,07 1.07%

*m = CHp used to calculate these values.

The frequencies uged in these calculations were:

binethylmercury Diethylmercury
Z/ = 515 7| = 486
Z, = 156 Z, % 140
Z, = 565 %= 562

Table V shows that fairly good agreement with the re-
sults of Thompson and Linnett (35) can be obtained by ap-~
plying eguation (7)) and considering the CHp group as vi-
brating against the mercury atom. However, eguation (C)
s@@né to offer a more logical procedure. In applying this
equation one aassumes ; three body system and calculates the
rostraining force acting on the group vibrating sgainst the
mercury. The constant, kq, which 1s a measure of this force,
is not a measure of the strength of the csrbon-mercury bond

unless R vibrates as a vhole. That this is true may be seen
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from a consideration of Figure 1IV.

ANA\NANNa

| Figure IN. foupl’cd ' w‘b%c*ort with a ﬁ:ed’ Jvpport. |

In Pigure IV two particles A snd B are attached to a
fixed point P by meens of springs 53 and 8g. If A vibrates
while B remains in & fixed position the constralning force
on A is the sum of the forces due Lo §; and 8. On the other
hend, if A and B vibrate as a unlt, l.e. Sp does not change
i1ts length, the constraining foree on the group A B ls that
due to S; slone. The application of eguation (6) should
yield results more indiecative of the actusl binding between
R and Hg than are the constants found in an arbitrary way by
Thonpson and Linnett.

The above conslderations show that Haman spectra studles
should be of value in the present problem. They should help
to explain the nabure of the R-Hg bond in two ways: first,
by varlations 1n the frequenciles due to the carbon-mercury
bond, and, second, by varietions in the frequencies character-

1stic of R when it vibrates as a uwnit. The freguencies due
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to vibrations within the radleals will, of course, have to
be obtelned from the Raman spectrs of slmpler compounds con-
taining the radicals. Vhether any exact relationship exists
between the Raman freguencies and the electron constralint as

measured by the atowmlec refraction is not known.



EXPURIMENTAL

The Spectrograph

The spectrograph used was constructed by the College
Instrument shop. The opticsl parts were purchased from the
Bausch and Lomb Opticel company. The prism 1s mounted in a
cast iron case st one side of which the collimator tube
carrying a lens of 65 nmm. diameber and 600 mm. focal length
is fized. In front of the lens 1s mounted a unilateral slit
of 20 mm. helght. The slit carries a V-shaped Hartman dia-
vhragm for repulating its height. The width of the aslit is
ad justable by means of a micrometer screw. The drum of the
serew is divided so that the width of the slit can be ad~-
justed tc a hundredth of a millimeter.

The camera leng system consists of two achromatlc
doublet lenses separated by a distence of 117.4 rm. The
lens nearest the prism has a dliameter of 65 mme. and the dl-
ameter of the second is 50 mme. This combination brings the
spectrum into focus at epproximetely Y0 mm. back of the
second lens. The objective 1s mounted on a carrier provided
with & screw adjustment so that its distence from the prism

may be varied.
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The plate holder 1s mounted directly back of the camera
lens and may be rotated or moved horizcntallﬁ away from the
objective. The plate holder is adjuatable vertically so
that the several spectrograms may be taken on the same plate.

The instrument was originally designed to use a hollow
prism {illed with ethyl clmnamate. The side of the prism,
which had a refractive angle of 65°, was 150 mm. long and
©5 mms high. Ithyl cinnamate should be particularly suited
for this purpose because of 1ts high dispersion and low
average index of refraction. However, with this liquid 1In
the prism a sherp focus could not be obtalned. The Ramen
lines obtained wiibh the liquid prism were so diffuse and
irregular that they could not be measured. PFurther diffi-
culty was encountered due to polymerization of the ethyl
cinnamete. This effect was notliced only after washing and
vacuunm distilling a sarple of the liquid which had become
slightly colored on standing for a year and a half. The purli-
ficatlon process probably removed some stabllizing agent
added originelly by the manufecturer of the ester.

A review of the constants for a large mumber of ligulds
indicabted that methyl sslicylate or ethyl anthranilate should
serve as a satisfactory substitute for ethyl clnnamate.

Since methyl sallcylate was avallable, asttempts were made to
uge it in the prism. The definition of lines was as unsat-

1sfactory as when ethyl clmnamate was used. This result
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suggested the possibllity that the defect might lle either
in the lens system of the instrument or in the glass parts
of the prism itself. Ezamination of the prism faces wilth
a test plate showed that they were not sufficlently flat for
use. Puarthermore, they were so thin that the weight of the
1iguld caused them to bulge slightly. Since the prism it-
sell was defective, no further search for a sultable subsii-
tue for ethyl clinnamate was made.

The definition obtained was very satisfactory when the
liquid prism was replaced by a smaller 609 glass prism. The
digpersion was only about two-thirds as great and the Iln-
tensity much less with the glasas prism. The exposure time
with this prism was rather long. Greater accuracy could
have beon obtalned with a satisfactory liguld prism. How-
ever, since considerable time end money would have been
necessgary to ssecure a satisfactory liquid prism, the glass
prism was used throughout.

The entire spectrograph was placed in & constant teme
perature bath to avoid any expansion or contraction of the
instrument during long exposures. 7The thermostat was orle
ginally intended to prevent convection currents due to
tenperature changes in the liguld prism.

Pigure V shows typlcal spectrograms obtalned with each

of these prisms.
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Flgure V. Specbrograms tsken with liquid and glass prisms.

Those gpectrograms are the Reman spectra of carbon
tetrachloride &nﬁ'hﬁV@ been enlarged to agproxiﬁately the
same size. On the original plates the length of the spectrum
netween the twe mercury arc lines 4358 X and 4916 £ was & mm.
with the liguid prism. The dlstance between these lines

using the glass prism was 3 um.

The Exeitation Unit

The usual experimental arrangement as recormended by
Wood (37) was nob satlisfsctory for use with the spectro-
graph available. '%ue to the econstruction of the plate holder
the tube holding the liguid under observation could not be
viewed from the rear of the spectrograph. Therefore the tube
could not be accurately aligned and s very large amcunt of
stray light was reflected from the walls of the tube into
the spectrograph. Ancther disadvanbage of Wood's arrangement

was that 1t regulred alignment of the tube each time it was
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refilled. The arrangement shown schemstically in Flgure VI
was Tinally edopted as being the most satisfactory. This
apparatus ls a modification of that used by Dadieu snd
Kohlrausch and deseriited by Kohlrausch (22).

The 1iguld or scolution to be investipgsted was held In tube
Te This tube was made by sealing a flat piece of plate Pyrex
class into a Pyrex tube (12 mm. outside diameter)., A coller
at the top rested on the condenser ¢ to support the tubs.
The condenser  was also constructed from Pyrex tubing, the
ingide diameter being just slightly larger than the outside
diameter of the Raman tube T. A solution was clrculated
through the condenser C for two purposes: to keep the liquid
in T cold and to cerve as a light filter.

The reflector R was constructed in the form of an el-
liptical eylinder from @mli&h@ﬁ sheet sluminume. The top and
bottom were made elliptlcal so that if the arc were placed
at one foous, 211l 1lizht leaving 1t would be concentrated on
the tube T placed at the other focus. A 811t in the top
2llowed a plass Pilter ¥ to be Inserted between the arc and
the Baman tube. The reflector was mounted on 2 stand pro-
vided with a screw arrangeunent so that R could e raised or
lowered. 7The stend slso carried s sunport for the total re-
flecting prism Pi. This support could be ralsed or lowered
without moving the reflector., A mesns was also provided for

moving Py horizontslly. The stand could be tllted by means
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of leveling screws Iin the base. The lens Ly was placed on a
separate stand which was Dolted to the table.

D0, mercury arcs cf several designs were made and
tested bul the design shown in Pigure VI proved most satise
factory. Tnls arc was constructed from Pyrex tubing (19 nuu.
outside diameter). The ratﬁ@r large dlamelter was chosen to
insure complete Lillumination of the 1iguid in the Raman ftube.
Yhen in use an extermal reslstance was placed in serles with
the are to limit the current to & - 5.0 aumperss. A blast of
alr Irom an electric Tan was divected sgainst the are to
keep 1t cooled. The holes in the top and bobttom of the re-
flector through wihich the arc passed had s diameber sbout
twice that of the arce in order to insure good circulation of

gir.

110 volt A.C. merveury lamp. Although this type of laup was
very convenient to use it was unsabisfactory because of the
high temperature st which it operated. AT this temperature
the continuous mercury spectrum bebtween 4C00 and 5000 X was
guite intense. Another disadvantage was that a small amount
of argon was present in the lewp snd gave rise to several
lines In the region in wihich the Raman llnes were found.
When the lemp was cooled sulliciently to reduce the continu-
oug light, the 43568 3 mercury line used o excite the Raman

spectra was only about ocne-~fifth as Intense as this line
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Figure VII. The assembled excitation
unite.
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from the D.C. arc. For these reasons tne D.C. arc was pre~
ferable.

Figure VII 1s a photograph of the assembled excltation

unit.

Light Filters for Obtainlng a Monochromatic Source

Iight filters are uged in Reanen spectra work for several
purposes,. These purposes and the materials commonly used are
given in the following outline.

1. Filters to remove vicolet and ultra violet light.

8. Garnin@ ¥ovicl-0O glass.
b. Guinine sulfate solution.
2. Filters to remove continuous light from mercury
arc between 4000 and 5000 X.
. Cobalt salts.
b. Corning No. 885 glass fllter.
c. Concentrated didymium chloride solution (25).
d. Iodine in carbon tetrachloride sclution.
3. To isolate a single mercury arc line (21).
a. For 5791 and 5770 X lines.
{1) Saturated potassium dichromate solution.
b. For 5461 £ line.
{1) Potassium dichromate plus neodymium

nitrate solubtion.
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c. For 4358, 4348, and 4339 { lines.
{1) Cobalt glass »lus guinine sulfate sclution.
d. For 4047 % line.
(1) Cobalt glass plus quinine sulfate solution.
e. For 3663, 3655 and 3650 % lines.
{1) Hethyl viélet 4R plus nitroso dimethyl
snlline.
The particular cholice of filter depends, of course,
upon the purpose to be accomplished. Any filter designed to
isolate s single mercury line ususlly reduces the intensity
of the line lsclated. This necessitates longer exposure but
congiderably siuplifies the interpretatlon of the spectro-
greams. Glass filters are very convenient to use but usually
grestly reduce the Intensity of the line isclated. Solutions
are rather insonvenient but may be chosen to give selective
absorption in elmost eny region of the spectrum. This is
particularly true for organic dyes but these are objectlion~-
able because they tend to changé with use. Since the organo-
mereury ccm@aﬁnds to be studied were decomposed by vielst and
ultre vioclet 1light, the 4358 £ mﬁfcuﬁy line was used for ex-~
citation. |
| All 1ight below 4358 % was cut out by a plate of
Corning Noviol-A glass inserted at P, Figure VI. Another
Corning filter, ultra blue purple No. 585, was also inserted

at ¥ to remove light of longer wave léngﬁh. This combination
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reduced the Intensity of the 4358 A merecury line by about

80 percent, so whenever possible the No. 585 filter was not
used. In these cases a solution 0.05 ¥ in CuS0g4 and 0.056 M
in CoB0y was clrculated through the condenser C. This solu-
tion helped to reduce the continuous mercury arce spectrum
between 4000 and 5000 ﬁ. The copper sulfate was added to
remove the infra-red light which, in some cases, caused
rapld decomposition of the wercury compounds.

In some earlier experimentz the outsilde of the Raman
tube was painted with colored lacquer made by adding 10 cc.
of a saturated mebthyl aleohol solution of Rhodamine B and
10 cc. of a saturated methyl alcohol solution of anlline
red to BO ce. of clear lacquer. Several dyes were investi-
gated for thls purpose but none proved very satisfactory.
The lacquer 4id not stick to the glass very well and had to
be renewed occasionally. PFurthormore, the intensity of the
4358 % 1ine was @anaiﬂefaﬁly redueed, so the use of these
fllters was discontinued.

Figure VIIT shows the effect of various filters. These
photograrhs are enlargements of spectrograms of the mercury
arc. They were iaken by inszerting an aluminum rod with a
conical tip into the condenser ¢ (Figure VI) in place of the
Raman tube. The conical bip served to reflect the light from
the arce Into the spectrograph. Since the only purpose of

the experiment was to compare the [llters, no attempt was



S

1. ¥oviol &

»

Cus0y +» NH40H (excess)
2., Noviol A + CuSOy + CoS0y4

3. Noviol &

4. Noviol A + Corning No. 585

5. Noviol A + laeguered tube

Figure VIII. Comparison of filters.
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made to secure unilform illumlination of the slit. The light
sent into the spectrograph had passed through the filters
in tho samne manner as when the Raman apectrum of a solution
was being taken. The exposures shown in Figure VIII were
taken for 15 minutes with 4.75 amps. current through the arc.

When the lacguered tube was used, ccoling of the liquid
in the Raman tube was accomplished by allowing tap water to
run through the condenser  (Figure VI). Some of the spectro-
grang were taken with solutions saturated at 400. This
temperature was maintained by cireulating the CoS04 ~ CuSOy
filter liguid through s copper coll in a thermostat and then
through the condenser . The water in the thermostat was
held at 489, With the thermostat at that temperature the
filter solution could be ecirculated slowly through condenser
¢ and maintain the temperature inside the Raman tube at 420 -
43°. Control of this temperature was lmportant when solutions
were used. If erysbtallizatlon took place, the unmodified
mercury lisht was reflected into the spectrograrh and rulned

the spectirogram.

Ad Justment of the Spectrograph and Alignment

of the Afuxiliary Apparatus

An iron are was used as a light source and the spectro-
graph was adjusted In the usual menner. The collimator was

removed and focused on a distant objeet. Then, alter setting the
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prism on minimum deviation for green light, the plate holder
was flxed and a sharp image of the slit formed on a ground
glass plate in the plate holder by moving the objective lens.
The spectrum was so small that an eyeplece was used for vis-
ual observation during this adjustment. A series of spsctro-
grams of the iron arc were taken with various settings of
the objective and plate holder. The best adjustment was se-
lected by an examination of these plates.

In order to obtalin satisfactory spectrograms in Raman
gpectre work all 1light coming directly from the light source
must ve prevented from entering the spsctrograph. Unless
thia 1s mecomplished, the conbtinuous light from the arc
will mask the weal Raman lines. One scurce of this ex-
traneous 1light 1s that reflected from the walls of the Raman
tube. Howewver, if the alipnment 1s good, the éondenaing
lens Ly end the slit dimensions can be chosen so that no
light from the walls of the tube entersthe spectrograph (30).
The condensing lens used hed a local length of 10 cm. and
was placed 15 cm. from the slit. The slit length and width
were b mm. and Q125 mm., respectively. The frontof the Ra-
man tube was placed 18 cm. from the condensing lens.

For allgning the apparatus a small light was placed
st the plate holder sc thal the prism was completely illumi-
nated. This produced a square diverging beam of lipght from

the slit of the spectrograph. An outline of the beam was
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drawn on & white card placed sbout two feet in front of the
slit. By drawing the disgonals of the square so obtalned,
the center of the beam was located., The lens Iy (Fig. VI)
was next brought intc place and raised until the center of
the beam was in the same position as before. The stand
holding the lens was then bolted to the table to Insure its
staying in place.

With the condenser ¢ clamped at the focus of the ellip-
tical reflector, tube T was Iinserted and the total reflecting
prism P1 adjusted. This adjustment was accomplished by al-
lowing parallel light to enter through the top of T and mov-
ing Py until T sppeared to extend straight back from the front
face of the prism. Py was bthen flrmly clamped in position.

The stand holding the tube and prism assembly was next
brousht into place and the height of the reflector-prism
agsembly adjusted. The position of the stand was regulated
so that the squere beam of light from the glit fell in the
center of the front face of Py. The stand was then tilted
by mesns of leveling screws in the base umtil the beam of
1ight from the slit as seeﬁ on a plece of ground glass was
exactly in the esenter of the top of T.

When the sllit was alwmost covered by the Haritman dla-
phragm, the beam formed a smell spot of light on the ground
glass. The tilting naturally disturbed the previous setting
of the height of Py, and, therefore, the height was read-
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justed. The aslternate adjustment of the height and tilting
was repeated untlil both were correct. The alignment of the
reflector and prism was considered correct vhen the following
conditlons exlsted.

1. A square of light from the prism was exactly in the
center of Pi.

2. A square of light from the prism was exactly in the
center of the bobttom of tube T when viewed from the top.

3. A spot of 1light corresponding to the slit was ex-
actly in the center of the top of T.

The adjustment ocutlined placed the center of the Raman
tube on the optical axls of the lens system. The relative
posltlons of the condensing lems Lj, the spectrograph slit,
and Reman tube were caloulited using the method outlined by
Hielsen (30). This method tends to send light into the
gpectrograph from the maximms volume of liquid in the tube
while excluding that reflected from the wells of the tube.

The spectrograph was further protected from stray light
by placing a cardboard tube from the slit to the prism Pi.
The bube had a hole 1ln the bottom so that it conld be slipped
ovey the lens In. The open end at Py énd the space between
B and the reflector were carefully covered with black velvet.
Another viece ol %lack-val?et was uged Lo cover the top of
the Ramen tube and condenser. With these precautions no

light ecould be seen through the spectrograph when the Raman
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tube was enpty. When the tube was fllled, the mercury arc
lincs were just visgible. The lines seen were probably due
Lo scattering by the liguid rather than reflectlon.

The mercury arc was supporied on a separste stand and
brought into adjustment at the focus of the reflector each
time a new spectrogram was taken. A separate stand was used
so thei the welpht of the sre and the inpasct of the mercury
falling’thrﬁagh the arc during operatlion would not disturb
the ad justment of the Ramen tube and prism. A removable
nanel in the back of the reflector allowed the are to bhe re-
moved for starting.

Light from sn iron arc for a reference srectrum was
seattered down through the condenser ¢ and sent into the
ﬁ@@étrﬁg?aph by the prism Pq. This was accomplished by
placing the arc on a shell above and to one side of the re-
flector and clamping a plece of opalescent glass at an angle
of 489 directly above C. This arrangement was used so that
the reference spectrum could be obitaired on esch plate with-

out disturbing any adjustments of the sapparatus.

Plates Used

Rastmen type 1I-0, III-0, II~J and IIl-J plates were
used at various times. The J plates have s maxinmum sensiti-

vity at 5100 g, while the O plates are most sensitive between
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4000 snd 4600 %. Since the lines due to the carbon-mer cury
bond fall below 4600 X, the 0 plates were most satisfactory
for showing these lines. The type II plates were much faster
than the type III, bul were so grainy that accurate measure-
ment of the lines on them was difficult. Furthermore, scat-
tered 1light from the arc and the slight fluorescence cf some
of the solutions produced considerable contlmuous beckground
on these plates. This background had a tendency to mask
weal Ramen linese. It elso made intensity estimates rather
indefinite except for the strongest lines observed. In spite
of the longer exposures necessary the type IIT~-0 plates were
the most satisflactory.

The exnosed plates were developed for seven and one-
half minubes in Bastman D-19 developer at 18° C. The plates
were then Tixed in Eastmen F-B fixer for 10-15 minutes and

washed in running watey for at lesst one hour.

The Compounds Investigated

With the exeception of dibenzylmercury and nmercurilc
chloride, the compounds used were furnished by Dr. I.B. Johns.
CaPs mercurlie chloride was used. The dibenzylmercury was
gsynthesized by the method of Jones and Werner (15}«

The solid compounds wore all recrystallized just before

use from the solvent to be used when taking the Raman spectrum.
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The liguld compounds were redistilled twice under reduced

pressure lummedietely before use.

Taking the Spectrograms

Before taking each spectrogram the aligmment of the
apperatus wes checked. The Llow of lliguid through the con-
denger was adjusted and its temperature regulasted. The Ra-
man tube containing the solution or liguid was allowed to
stend in place for 30 ninutes. Thls procedure allowed any
convectlon or eddy currents to dle out and pave sufficient
time for the tube to come to constant temperature. All so-
lutions were prepared and filtered three times through
No. 50 Vhabtmen filter paper lmmediastely before use. The
filter paper, funnel, and Raman tube had been washed thorw
oughly with the solvent to eliminate any foreign materials
or loose partlcles of filter paper. The removal of suspended
solid particles was absolutely essentlial in order to reduce
the contlinuous background to é minimau.

The arc was started and allowed to run for 30 minubes
before starting to take a spectrogram. 7The exposure time
varied consliderably depending on the concentration and unsture
of the compound belng investigsted. The type of plate em-
vloyed was also taken into consideration in determining the
exposure time. After each exposure the Ramen tube was re-

moved, the length of the slit reduced, and an iron reference
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gpectrum talten across the middle of the Ramsn spectrum.
Several plates were token for each compound and the best

ones selected for measurenment.

Measurement of the Flates™

The Raman "shifts" were obtained by first calculating
the actual frequency snd subtracting this from the frequency
of the ezclting line. The actual freguencies were determined
from the pogition of the Raman 1ine on the plate relative to
two sbtandard iron lines. The actual freguencies could nd be
obtalned directly by linear interpolation because the dig-
persion was not guite linear. The deviation from a linear
relationship was determined by measuring the iron spectrum.
The@a deviatlons were plotted against fregquencies obtained
by linear interpolation. The corrections to be applied to
the calcoculated freguencles of the Haman lines were resd di-~
rectly from this graph.

Table VI shows the data necessary for the construction
of the correction curve. The wave-lengths for the iron
lines measured are listed in column 1. Colum 2 shows the
poslition on the plate measured in millimeters. The fre-
guencies {in vacuum) in the third column were obtained from
a table (16) which converted the weve-lenths (Angstroms) in

alr into freguencies in em.~! in vecuum. The calculated

#The method deseribod was suggeated by Dr. F.H, Spedding.



Table VI. Data for the correctlon curve used in calculating

freguencles.
: Position ' : :
A alr : {mm.) : Z/vec. ; Z7cale. ; Correction

4871.8 110.138 23402.9 R3402.9

45882.4 «215 25345 23535 12
4507 .9 + 404 23207 23172 35
43151 451 23168 23133 26
432548 «5R7 23111 23068 43
4385 .3 918 22806 2377 69
$404.8 111.068 REEY6 253618 78
441541 125 22643 23659 84
4494 .6 623 22243 23139 104
4528.6 - 827 22076 23966 110
45927 112,193 21768 21656 112
4603..0 » 240 21718 21611 108
4667..5 +GB5 21419 21318 104
4670.9 +648 21367 21270 o7
4691 .4 715 21310 21213 107
4707 23 #8003 21238 21139 99
47536.,8 L044 21106 21019 87
4789 .6 113.193 20873 20808 65
48598 «HE3 20572 20528 44
4872.0 «579 20521 20481 40
40910 «664 20439 20409 30
4903.3 713 20387 203567 20

49397 « 865 20239.6 20238.6 0
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freguencies of columm 4 were obtained by linear interpola-
tion between the iron lines: A, 4271.8 and A, 4939.7 g.
The interpolated frequencies were csleulated on a Nonroe
calculator. Assuming llnear dlspersion, the wave numbers

per millimeter were found according to the following formula.

frequency {em.=1) of 48271.8 - frequency {cm.~1) of 4%39.? 3
position (mme) OF 42718 ~ position {m%.) of 4030.7 & =

cre—L
Ml

25402.9 - 2083946 2 g4y 6560 eme~l per mm.

The calculator was set to @iviﬁs; Then 23402.9, the fre-
quency of the 4271.8 g line, was set on the lower left hand
dial of the ecalculator, and 110.132, the posltion of this
line, was sebt on the upper right hand disl. The dispersion,
847.6560, was set on bthe board in such a poslition that when
the reading on the upper right hand dilal was increased one
e, 847.656 cm.~l were subtrected from the reading on the
lower left hand dial. The operation then consisted in moving
the carrisge to the proper pogition and depressing the plus
or minus bar until the upper right hand dial read the position
of the line whose freguency was belng calculated. The lower
left hend d1al then gave the aaleﬁlate@ freguency of the line.
The dlfference between thls caleulated frequency and the
actual freguency geve the correction which had to be apﬁlied

to give the correct frequency. These corrections are listed



in eolumm & of Table VI.

Measuranente on several plates of the same type proved
that, within the limits of amccuracy obltained, the dlspersion
and correctlions 4id not vary Ifrom one plate to another.
Therefore, the average corrections determined from three
plates were plotted sgalnst the calculated wave numbers.
Such a graph is shown in Flpure IX. The curve asctually used
was plotted to & much larger scale.

To determine the Raman frequencies the position of the
lines on the plate were wmeasured and the freguencies calcu-
lated by linear interpolation as for the iron lines. The
4271.8 iron line was slways used as & starting point in
setting the caleulator. Thils line wasg easlly located and
rather sharp so that it could be measured accurately. After
calculating the freguency of a Raman line the correction as
read from Flpure IX was appllied to glve the correct frequency
of the line In wave numbers. The difference between this
value and 282938, the frequency of the mercury 4353 X 1ine
ugsed for exciltation, gave the Raman "shift" or frequency.

Type 11I~J plates were used 1n constructing the cor-
rection curve. Neasurements on seversl type II-~0 plates
shiowed that the corrections were not qulte the same for these
plates. Bince the 11«0 plates were not sensitive above 4600
ﬁ, there were not encugh iron lines in the region investi-

gated to glve a complete correction curve. Therefore, the
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frequencies ol all the iron lines present were calculated
Just as for the type ILI~d plates. The difference between
these calculated valuez and the actual frequencles were
plotted apalinst the caleulated values. This curve gave &
second correction to be appllied when a type II-C plate was
used. This second correction curve is shown In Figure IX.
The Iact that the Haman frequencies found for the solvents
checlk those reported in the litsrature shows that this method
is adsequate.

4 consideration of the dispersion and accuracy of the
measuring instrument indicated that the limlt of accuracy
to be expected was aboubt three or four wave nunbers. How-
ever, in cagses where the lines were weak or where there was
conglderable general blackening of the plate, the accuracy
was conslderably less than this value. &ince the lines due
to the carbon-mercury bond are strong, the exact location
of al1ll weal lines was not attemy%e&.‘ Yo measurenents were
made in the region near 3000 cm.~} where the Raman lines

due to the carbon-hydrogen boend are located.

Te Spectroprams and Data

Diethylmercury

1. The pure compound.



Type ol plate I1I~J

Filter Hoviol A and lamcguered
tube

Exposure Six hours

spectrogram , ikl ;

Lines observed 140, 212, 264 (3),

487 (10), 662, band 1350~-1370, band 340-1050,
1002 (3), 1178 (9), 1469 (2). The numbers in
parenthesis are estimsbed intensities. If no
estimates are indlcated, the lines were either
very weak or the continuocus background on the
plate made intensity estimates Impossible.
The emlarg&ment'is seven times as long as the
actual spectrogranu.
Pai (31) has reported the following lines in ad-
ditieon to those listed here: 562 (0), 958 (1),
1088 (2), 1370 (1), 1421 (=), 2857 (1), 2896 (3),
2092 {1). The last three of these are in a region
not investigated in the present work.

2. Solution in carbon tetrachloride.

Type of plate I1X~d

Filter Hoviol A, lacguered tube

Concentration 0«3 mol fraction dlethyl-
mercury

Bxposure 20 houars



Inlargement of
spectrogram

Tines observed 480 (9), 999 (1) 1177
(8), 1448. There wag considerable general
blackening in the region sbove 1350 so that

the value 1448 is probably not very accurate.

5« Solution in acetﬁné,
Type of plate
PFilter

oncentration

Expogure

Enlarpgement of
apectrogranmn

Iines observed

I1T-J
Hoviol 4, lacguered tube

0«13 mol fraction di-
ethylnercury

20 hours

136, 204, 265%, 320,

483 {5), 1172 (1), 1469.

Di-n-nropylmercury

1. The pure compound.
Type of plate
Filter
Exposure

Enlargement of
spectrogranm

Linss obsserved

I1I-J

Hoviol A, lacquered tube

Hine hours

276 (3), 381 (3), 501

(10), &85 (4), 791 {0), 863 (1), 1016 (2),
1048 (2), 1158 (10), 1267 (00), 1326 (00),

1446 (2).



2. Solution in carbon bebtrachloride.

Type of plate
M lter

Concentratbtlion

Zxposure

Inlargenent of
apectrogram

Cbdnes observed

IIT-J
Woviol A, lacquered tube

Oed3 mol fraction dl-n-
nropylmercury

37 nours

171, 384 {(2), 501 (3),

590 {2}, 1008, 1089, 1160. No lines above

AV= 1200 coul

3 be measured on this nlale be-

cause of general blackenlng. Decomposition

of the compound Iin solutlon was rather no-

tlesabhle.

Dibenzylmercury

1. Solution in carbon tetrachloride.

]

Type of nlate

A £

e

Mlter

Concentration

Temperature
Bxposure

Enlargement of
gpectrogran

Lines cbserved

1085 (4), 1205.

II-0

Noviol A, Corning 5885,
CuB04

0«01 mol fraction di-
bengylmercury

40° Q.
20 hours

560 (3), 638, 996 (2),
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2« Sclution in scetone.

Tvoe of plate ITI=-0

Pilter : Hoviol A, Corning Ho. 585,
‘ Cul0y

Concentration 0.01 mol fraction
- Temperature 40° ¢,

Exposure 20 hours

Inlargement of

spectrogran

Idnes observed s (1), 260, 325, BCO

(4}, 638, 690, 8lo, 997 (1), 1080 (2}, 1153,
1203 (1).

A great deal of difficulty was encountered due to the
decomposition of the dibenszylmercury. In spite of all pre-
cautlions the gpecirograms were badly fogged and very diffl-
eult to measure. Intensity eztimates other than weak or
strong could not be made. In this case, as was generally
true, the plates obtained for the acetone solution were so
black bebween 4650 and 4916 X that only very strong lines
could be found in that reglon. The lower limlit of this re-
glon corresponds to a Raman fréqu@ncy of about 1450 cm.~1i.
The light responsible for this darkening of the plate came
from the mercury arc and was scatiered ilntc the spectrograph
by the finely divided mercury which preeipitated from the

compound .
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The reactive nature of dibenzylmercury was shown by an
attempt to obtaln 1ts spectrum in cerbon disulfide. After
an exposure of only a few hours at room tempersture the bot-
tom of the Raman.tube was covered with a yellowlsh black
sludge. The nature of this material wes not investigated,
but 1ts yellow color indicated that it was not entirely mer-
cury. Therafore, a reaction must have taken place between
the carbon disulfide and the dibenzylmercury. Under similer

conditions carbon dlsulfide alone showed no decomposition.

Diphenylmercury

1. Solution in carbon tetrachleoride.

Type of plate III-J

Filter Hoviol A, CusO4, CoS04
Concentration Saturated at 40° C.
Temperature 40° ¢C.

Exposure 81x hours

Enlargement of 5

spectrogram _
Lines observed -152 (2), 340, 382, 555

(4), 580, 619,652 (3), 700, 997 (4), 1080,

1185, 1162, 1262, 1370.
The diphenylmercury was very stable in carbon tetra-
chloride. Donzelot and Chalx (7) have obtained the Raman

gpectrum of this compound in the molten state and report the
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following lines: 158, 210, 650, 704, 998, 1024, 1574, 3049.

Kohlrausch (20) recently reported an investigation of
diphenylmercury in chloroform. The lines reported were:
148 (5), 208 (5}, 998 (4), 1570 (1).

The line found by these authors at AY 210 could not be
confirmed because a carbon btetrachloride line falls at 217.
The spectrogragh would not resolve two lines so close to-
gether. Since the carbon tetrachloride lines were over-ex-
posed, Intensity estimates on the line at 217 would not show

a close additional line due to the solvent.

Hercuric gganida

Huerous attempts to obtein the spectrum of mercurie
eyanide in carbon btetrachlorlde and scetone ylelded only one
line at 2200 em."l. This line is due to the C=N bond and has
been reported by several aunthors. Voodward (38) found 2195
em.~1 for the water solution. Krishnsmurti (26) reported
2192 cm.~Ll for the erystalline mercuric cysnide. He also

found a very wesk line at 276 om.-l.

Inlargement of : |l
spectrogram 11 :a,,
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¥erouric chloride

1. Solution in acetone.

Type of plate iI~0

Filter Noviol A, Corning No.
585, Cu30g

Concentration Saturated at 40° C.

T@m?@rﬁture 40° C.

Exposure 7«5 hours

spectaogran - _JR

Lines observed 321 (8)

Thiz result is in sgreement with that of Woodward (38)
wao found 320 cm.~1 for a water solution of mercuric chloride.
The acetone solution was slightly yellow after the ex~

posure bubt no mercury was precivitated.

Di-p~tolylmercury

Di-p=-tolylmereury was so insoluble that no spectrum could
be obtained. HNumerous attempts gave only negative results.
One plate showed s weak unresolved band between 1420 and 1571
em.~1. This spectrogram was taken of the saturated solution
in carbon tetrachloride at 40° C. The compound showed no
signs of decomposition. A very clear spectrogram was obtalned
on & type II1I-J plate after an 80 hour exposure, but no lines

due to the di-p~tolylmercury could bs found.



apectrogram : » -l{ )

Di-alpha-naphthylmercury

Trnls compound was also too insoluble In any solvent to

vield results.

Compilation of Data

Table VII contalnsg the [requencies observed Ifor the
compounds investligated. No separation on the basis of the
gsolvent used has besen made because any variations due to the
solvent were less than the experimental error in measuring
the Ifrequencles. This lg in agreement with the work of Vest
and Arthur (36). These investigators studied the effect of
nonionlzing solvents on the Raman frequencies of HCl, HBr,
and 805. The maximum value far‘ﬂgf was 0.03, which was at-
tained only with a solvent having a dielectric constant 14.

Figure X ie a graphical representation of the data in
Table VII. This dlagram shows only lines below AZ/ 1300 cm. ™+
The helght of the lines represents aprroximately the relstive
Intensitlies estimated visually. The lines shown for die-

methylmercury are those reported by Pal (31).



Table VII.
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Frequencies of a serles of organomercury com-

Propyl | Ethyl . Methyl . Benzyl , Phenyl .Chloride.Cyenide
171 (0) 140 (1) 152 (2) 175 (m) 152 (5) 321 (5) 276 (w)
276 (3) 212 (2) 255 (0) 260 340
381 (3) 264 (3) 515 (8) 325 382
501(10) 329 (0) 565 (1) 560 (5) 555 (s)
585 (4) 486 (8) 700 (3) 638 580
791 (0) 562 (0) 1182 (6) 690 619
863 (1) 633 (0) 1258 (1) 810 652 (s)
1016 (2) 958 (1) 096 (8) 700
1084 (2) 1008 (3) 1070 997 (s)
1158(10) 1085 (2) 1153 1060
1267(00) 1178 (86) 1205 1185
1326(00) 1370 (1) 1262
1446 (2) 1421 (3) 1370
1455 (3)
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DISCUSSION AND CONCLUSIONS

Selection of Fundamental Frequencles

Thompson and Linnet (35) have shown rather conclusively
that the fundamental frequencies of dimethylmercury are: z/ ,
516; 2z , 156; and ﬂ;, 565. The symmetrical frequency Z/
is very strong and lies in a reglon of the spectrum free from
other lines. As may be seen from Flgure IX, wgpstrong line
near 500 cm.-l was observed for each compound. This freguency
has been designated Z] .

Equation (5) indicates that the ratio of ‘.Zé to Z/ should
be falrly constant. Val ues fTor "U/’;,T in Table VIIX vary
from 1.38 to 1.06. The frequencles marked % in Plgure X
are those which seem the most probable as indicated by the
mass ratlo. Diphenylmercury is the only case offering two
possibilitlies for 73 + The value at 652 cm.~l was chosen
since 580 em.=1 gave an unreasonable velue for the force con-
stant.

The lowest frequency observed 1n each case was designated
as 74 « The freguencles 1n this reglon are undoubtedly asso-
clated with the mercury atom, since no frequencles are cob-
served 1ln this reglon in other compounds containing the radi-

cals.
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Calenlation of Force Consgtants

Table VIII shows the values for the force constants cal-
culated using the equations on p. £€3. The values obtained for
ky from equation (6) represent the restoring force acting on
the vibrating group. If the radical vibrates as a unit, ky
represents the force constant for the carbon-mercury bond.
However, 1f only the CHy group attached directly to the ner-
cury atom vibrates, ky represents the force constant for the
carbon-mercury bond plus the fraction of the force constant
for the adjacent carbonw-carbon bond which is effective in re-
straining the CHg group.

A conziderstion of the last two columns in Table VIIT
gives an indication of thﬁ type of vibration being executed.
In the aliphatic compounds the radical seems to be vibrating
elmost a3 a unit becsuse when the mass of the radieal is sub-
stituted into the right-hand side of eguation (5) the result
is more nesrly in sgreement with the ratioc of 7% to 1% than
when the mass of the CHg group is used. The values of the
force constants calculated from equations (4) and (7) are also
in better agreement with those from equation {6) when the mass
of the radical as a whole is used. The same reasoning shows
that in the benzyl and phenyl compounds the resdical does not
vibrate as a unit. The vibration seems almost entirely linm-

ited to the CHg group in dlbenzylmercury.
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The rather high velue for k; of diphenylmercury using
equation (6) is about half-way between the values for k; using
eguation (7) when the mass 1s taken as the whole group and
when the mass is taken as a carbon atom. Tiis can be &x-
plained by the fact that two adjscent carbon-carbon bonds con-
tribute to the restraining force represented by this constant.
A study of the Ramen spectra of di-liso-propylmercury should
show whether or not this effect is peculisr to the benzene
rings The values of k3 for mercuric chloride and mercuric
cyanide are rather small as 1s usually the case when the bond
is nearly of the lounlc type.

The small values for the bending constants indicate that
the aliphatic Rplg compounds are very flexible. X, for 4l~
phenyl- and dibenzylmerecury is asbout 0.4 - 0.5 x 10~°, which
ls about the same as the vakw for k¢; for the carbon-carbon
bond. kéc'far the carbon-carbon bond is usually about 0.54
x 10~5 {23). Therefore, diphenyle and divenzylmercury are

more rigid molecules than the other compounds investigated.

Comparison of Force Constants, 3tablility,

and Refraction Dats

Figure XI shows ky, k$<, and 7/ plotted against the e-
lectron sharing abllity of the radicals. The kj curve which
is plotted to s proportionally larger scale than the other
curves indicates that the placing, on the absclssee, of the



-69-

S L B S
' e Electron  sharing obility R
Figore H. = Ralabion  ‘hetween &, k,, and 27  qad
g  bhe ' Celecton  sharing < ability, R »




e
methyl, ethyl and propyl radicals may not be guite correct.
These were originally placed by Johns and Hixon (10) from
values of the dissoclation constants of the amines, RNHg.
The dissoclation constants of the aliphatic amines were so
close together that the placing of these radicals on this
basls may have been uncertain., The order indlcated by the
force constants is methyl, ethyl, propyl. However, the fre-
quencies Z are in the order ethyl, propyl, methyl, The
guestion arises then as to which constant should be used to-
place the radlicala. However, as was explained on page 13,
this guestion cannct be answered at the present time.

The curves of Flgure XI are very simlilar in shape to
those obtained by Carr (4) for the atomie refraction of mer-
cury in Rolg end RHgCN compounds. These curves are shown in
Flgure XII. Flpure XII also shows the varlations in thermal
stabllity of the organomercury compounds. The absclssae
values for the minlmum for each thermal stablility curve co-
incides with thet of the maximum for the corresponding re~
fractivity curve. The curves of Fligure XI all exhlbit a max-
imun at this same point. A consideration of the refraction
and thermal stabllity curves shows that when the mercury atom
in the molecule has its electrons under about the same con-
straint as in mercury vapor, the compound 1s unstshle toward
heat. That the compound having the lowest decomposition tem-

erature does not have the lowest foree constant may be sur-
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prising. However, the constants calculated according to
equation (6) contaln a contribution due to the neighboring
carbon~carbon bond. The exact magnitude of thls effeet can-
not be caleulated at the present time.

Another point to be considered 1s the nature or mechan-
ism of the disscclation by heat. 7Two mechanlisms may be con-
sidered. The molecule might dissociate from its ground
electronic state by vpassing to a higher vibrationsal level.

In this case there might be a direct relationship between the
force constant and the decomposition temperaturs. On the

other hand, the molecule might first absorb energy enough to
pass into 2 hirher slecbtronic state before dissociation. In
this case there should be no correlation between the decompo-
sitlion temperature and the Raman freguencles or force constants.
Ramen spectra studles glve information concerning only the
ground electronlc level. Ultra viclet absorption studies

should provs h@lpful in explaining the mechanism of the

thermal dissoelation of these compounds.

Figure XILI is & graph in which the refraction of the
mercury in RigCH compounds is plotted ageinst the force con-
stants caleulated from Rglig compounds. |

With the exception of dibenzylmercury the points fall
on a smooth curve which apnears to be a parabola. The egua-
tion for such & curve would be of the form (y-a)< = bx + ¢,

where y is the force constant, x the atomic refraction of the
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mercury, and a, b, and ¢ are constants. The a of this e~
quation might be the contribubtion to ¥y of the adjacent car-
bon-carbon bond. The molecular refraction would then be a
linear fmetion of the sguare of the force constant. The
moleculer refraction is known to depend upon the polariza-
bility of the nmolecule (33). vhether any relationship exists
between the force constant and polasrizabillity 1s not known.
Complete refractlion and Reman spectras studies on a series of
compounds in which the force constants could be accurately

determined should help to clarify this point.
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Varistions in the Freqguencles Due to

Vibrations within the Radicals

Information coneerning the nature of the carbon-mercury
bond con alsc be obtained from a consideraition of the frequen-
cles due to the radicsls atbached to the mercury atom. The
strong line nesr 1180 cm.~} in aliphatic compounds is due to
the carbon-hydrogen bond. In compounds contalning no nesavy
element this fregueney falls near 1450 cm."1. As the mole-
cule bhecomes more complex or when heavy elements are added,
this freguency bteuds to shift to a different value. Some com-
pounds exhibit several lines in this reglion. The splitting
and shifting of the components of this line or energy level
should depend upon the atrength of the coupling and the mass
of the group added. In the saturated hydrocarbon series one
line is notlced around 1450 cm.~t up to hexane. In the spec~
trum of hexane this line appears to be split into three lines:
1148, 1313, 1455, which have Dbeen reported (24). About the same
splitting is observed for ethyl aleohol. Lines at 1273 and
1456 em.=1 have been reported for this compound (24). TFor
ethyl iodide the lines reported are 1194 and 1430 (24).

Th& lower 1limi%t of the splitting at 1188 cm.™L for the
aliphatle organcomercury compounds Indicates a rather loose
binding between the carbon and mercury. Cmsldering the large

nass of the wmercury atom this 1is not a large displacement.
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Comparison with the shift for the icdides suggests that the
carbon-mercury bond 1s woaker than the carbon-lodine bond.
dinee thils freguency is almost constant In all the aliphatic
organomercury compounds, the streangth of the bond must not

vary greatly.
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BUMIMARY

1. Theoretical considerations have been made which show
that Raman spectra studies should be of aid in elucldating
the nature of the electron sharing ability of organlc radi-
cals.

2« Apparatus and experimental procedure for observing
Raman spectra have been described.

3. The Raman spectra of diethylmereury, di-n-propyl-
mereury, dibenzylmercury, diphenylmercury, mercuric chlorlde
and mercuric cyanlide have been observed.

4. The fundamental Ireguencies of the RoHg compounds
have been used to caleulate force constants for the vibrating
groups.

H. The frequencles due to the vibrations within the radl-
cals have been compared with those observed for the radicals
in other compounds.

€e The informstion obtalined from the Raman spectra of
the RgHg compounds has been couwpared with that obtalned from
thermal stability and refraction studles.

7. The following coneluslions have been made:

a. The radicals in the aliphatic compounds vibrate

almost as unlts.
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b. The rediceals do not vibrate as units in the

aromatic compounds.

c. T™e force constants place the radicals in the

do

order methyl, ethyl, propyl, benzyl, phenyl,
¢hloride, cyanide.
The aliphatic Aglg compounds are very flexible

while the sromatic compounds are very rigid.



L.
2.
S

Ga

17.
i8.

g

LITERATURE CITID

Andrews, Fhys. Rev., 36, 544 (1930)

Carr, Johns and Hixom, J. Am. Chem. Soc. €0, 891 (1938)

Carr, The Heverslible Splitting of Organomercury cyanides
with Hydrogen Chloride. Uppublished thesls, Li-
brary, lowa State College, Ames, Iowa.

Gerr, Unpublished work, tiils laboratory. (1934)

Cralg and Hixon, J. Am. Chem. Scec. 53, 4367 {1931)

padieu, 3ltz. Aked. Wiss. Wlen., Math.-Haturw. Klasse,
Abt. Lla, 650 (1980)

Donzelot snd Chaix, Compt. rend. 201, 502 (1935)

Fajens and Joos, Z. Fhysik. 25, 1 (1924)

doodhue and Hixom, J. Am. Chem. Soc. 56, 1329 (1934)

Hixzon and Johns, J. Am. Chem. Soc. 49, 1786 (1925)

Johna, Electron Shering Abllity of Orgaenic Radlcals:
Organic Hlercurials, Unpublished thesis, Library,
Towa State College, Ames, Iowa. (1830)

Johms and Hixon, J. FPhys. Chem. 34, 222¢ (1930)

Johns and Hixon, J. Am. Chem. Soc. 56, 1333 (1934)

W ————— W——— m——.s

Johns, Peterson and Hixon, J. Phys. Chem. 34, 2218 (1930)
Jones snd Yerner, J. Am. Chem. Soc. 40,1266 (1918)

Kayser, Tabelle der Schwingungszahlen, Hixzel, Leipzig
{(1928) '

¥harasch snd Flenner, J. Am. Chem. Soc. 54, 674 (1932)

Kharasch and Grafflin, J. Am. Chem. Soc. 47, 1948 (1925)



lg -

28.
29.
50
51
52 .
33
34

5Ye

Enarasch and Marker, J. Am. Chem. Soc. 48, 3130 (1926)
Kohlrausch, Monsbsh. 70, 213 (1937)

Konhlrausch, Der Smekal-Ramnan-Tffect, p. 23, Julius
Springer, BDerlin (1831)

¥ohlrausch, Ibid, p. 33.

Konlrausch, Ibid, p. 183.

¥ohlrauseh, Ibid, pp. 303 If.

Rrishnamurti, Indlan J. Physics 5, 1 (1930)
Krishnemurti, Indisn J. Physics 5, 651 (1930}

Kronig, The Optical Basis of the Theory of Valence,
Chapter V, The Mecmillan Company, Few York (1935)

Lewis, J. Am. Chem. Soc. 38, 762 (1916)
Lewis, Pays. Rev. 36, 568 {1930}
Nielsen, J. Optical Soe. Am. 20, 701 (1930)

Pai, Proc. Roy. Scec. (London) Al49, 29 (1935)

Powell and Crowfoot, HNature 130, 131 {(1932)

Smyth, Phll. Mag. (€) 50, 361 (1928)

starr, Bulbrook snd Hixon, J. Am. Chem. Soc. 54, 3971
(1932) -

Thompson snd ILinnett, Proc. Roy. Soc. {(London) Al60, 388
(1937) T F3q wif

west and Arthur, J. Chem. Phys. 5, 10 (1937)

Wood, Physical Optlcs, p. 448, The Macmillan Company,
New Yorlk, (1934)

Woodward, Physik. Z. 32, 777 (1931)
Yates, Fhys. Rev. 36, 555 (1930)



