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ABSTRACT

A weak absorption in iodine vapour was reported
by earlier workers to not obey Beer's Law; and was
atﬁributed to the dimer Iy. The ultraviolet séectrum
Qf.iodine vapour was.reinvestigated in this study

on a more quantitative basis., The extinction
coéfficients have been found to bhe independent of

3 to 10"2M), pressure

concentration of iodine (10~
of an inert gasv(up to 1 atm), and temperature

(25°% to 220°C, except for the usﬁal temperature
_brbadeﬁing). The absorption continuum (raximum 2694 %
3 A; oscillator strength 4.98% ., 05 x 10_4) must

be due_to a transition in the free molecule to a

. : ' . . . 2_ . 2
repulsive state correlating with either P3/? + P3/2

or 2P3/2 + 2Pl/é atoms. The identification of the
T upper étate involved and of the mech;niSm al;owing
‘Ehe-transition to occur were not possible with the
available evidence. The previous identification
of I, in solution and of_Br4’in the vapour phase,
.determined by similar ultraviclet continua, are

discussed in relatiosn to the lack of evidence for

14 in the vapour phase found in this study.
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INTRODUCTION

The absorption spectrum of iodine in the gas phése
and in solution has bheen extensively.studied since tﬁe
| early.days-of spect£oscopy; The low=~enerqgy electronic:
spectrum encompassing ﬁhe near infrared and visibie'are,
by now, well understood mainly due to the theoretical

studies by Mulliken.' 3

“On the other hand, thexre is
still disagreement regarding the interpretation of the
ultraviolet spectrum. Contradictions are most apparent

with respect to a weak absorption continuum with its

maximunm at about 2700A,

A brief survey of the electronic absorption spectrum
of iodine vapour will be presented first for background

information.

Electronic Abgorntion Spectrum of Todine Vapour.

(a) Near Infrared.
A Brown? has obsérved and analyzed a very weak band
system from 9300‘to 8360A, leading to a continuum with
its maximum at 7320A at 50°C, According to Mathieson and
Reess, this continuum has its maximum_exﬁinction coefficient

of 30 1 mole™!l em™! at 6950n at 120°C. This system has been



S B g ' 3,4,5,
assigned to the A 3TT (lu)<a}<12*(og+) transition. -

(b) vVisible

This system, which gives iodine its characteristic
A'violet colocr,'consists of discréte bands ranging
‘from about 75002 to its convergence limit at 4990A,
with the continuum extendicg down to about 4000A.
The rotational structure has been‘resolved and

‘partially analyzed by Steinfeld at al.®

Values of extinction coefficierits given by early
‘workers were in error, partly because of nearly 100%
absorption at thé'maxima of the rotational lines
at the low pressures used. Tﬁis error was eliminated
by later wofkérs by using a high preséure of an inert

7,8 Rabinowitch and Wood7

gas to broaden the lines.
have presented extinction coefficients in the rahge.
4400-6000A, finding a maximum extinction coefficient

of 820 1 mole~} cm~ ! at about 5200A at 20°.

There is no doubt that the band system is due
entirely to the I33TT(OU+) <E~}{‘§:*(Og+) trangition,

- There is some question about a poséible underlying



continuum, however. ,Mulliken3 has estimated, from
extrapolatidn of the chlorine and bromine absqrption
spectra, that the transitionHT(lu)<E- Xl?:;(09+)

‘would have a maximum near that of the B <= X -
transition and'with an intensity of less than 1%

of it. Transitions fo other states inlthis region
(37 (0g, 2,0) ) are expected to be much |

more forbidden.3

(c) Ultraviolet

Varioué weak discrete bands have been reported
fromvabbut 3500A to shorter wavelengths. These_bands
can be observed only below 2200A at temperatures bhelow
ZOOfC., but with increasing temperature they spread
toward longer wavelengths until at 1100 °C they
converge to. an'apparent continuum at 3413A@9 This
"continuum" is actually a series of overlapping bands.
~No extinctioh éoefficients have been reported for this
system. These bands and the "continuum“'must involve

high vibrational levels of the ground state.
(d) Vacuum Ultraviolet

Todine vapour shows strong banded absorption from

20004 to shorter wavelengths rising to a maximum at

10

about 1850A. Cordes measured a large number of bands in the
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range 1950-1540A at low temperatures' and pressures.
These bands may be part of the same system as the weak

ultraviolet bands dis;ussed above -as suggested by

2

Cordes,lo Mulliken, Fand Nobs and Wieland.ll However,

5 12

 Mathieson and Rees,~” and Venkateswarlu claim that
it is a separate band system and analyze it on that

basis,

The 2700A Continuum of Todine Vépour

3
Butkow and Wojchiechowskal apparently were. the -
first to observe this absorption continuum and to note

4
that it did not obey Beer's Law., Xortum and Friedheiml‘

have measured the extinction coefficients for three
different concentrations of iodine at 340°C, They
confirmed that fhe extinction coefficients increased
.wifh increasing concentration and postulated that the
absorption Wés due to a transition involving the
.dimer'I4. They‘dia not attempt to obserVe the spectrum
at different temperatures to determine whether the I
was actually a bound complex or not, The absorption —
maximum was reported as 26707 by both groups of

‘workers,

Sumner also observed the 2700A continuum but at



somewhat lower temperatures; He used saturated.
vapour and therefore was unable to change the
concentration independently of the tempefature.

- The absorbance at 2700A was then found to be
proportional to 5etween the first and sécond power.
ofithe éoncentfation. (1t should be noted that in
his experimentg higher coﬁcentration also corresponded
to higher temperature.) Since the absorbénces were
measured at differeni'temperatures, he assumed that
the absgorbance was actually proportional to the

‘ square of the concentration, and the deviation from
the square dependéncy was due to the dissociation of
I, at higher temperatures. This method yielded a
bond energy for I, of 6.2 Kcal/mole. However,
Sﬁmner also obtained evidence which seemed to
contradict his ﬁypbthesis. After heating the iodine
above its boiling point, the 2700A continuum did not
change upon furthef heating up to the maximum
temperature obtained (380 bc).' No explanatidn of

this last effect was given.

McConnelll§ has suggested that the 2700A
continuum is due to a transition in a "self-

intermolecular charge-transfer complex with the



formula I4." The existence of intermolecular
charge—~transfer complexes between iodine and
various electron donors is well established in both

gas phasel7 and in solution.18

Uniqué“absorption
'cdntinﬁa due to charge-~transfexr transitions are
observed in the ultraviolet. A semi-empirical
equation given by Mcéonnell, Ham and Plattl8 predicts
that the charge-transfer absorption of I,4 should

occur at about 2820A (assuming I, will follow the

‘same rules as iodine donor complexés.) This
prediction is actually for I4 in solution; in the
gas phase the absorption would be slightly further
into the ultra&iolet. The predicted valus for

. the absor?tion maximum agrees reasonably well with

the experimental results of Kortum and Friedheim. .

On the other hand, Mathieson and Rees,s‘again
on the basis of Kortum and Friedheim's semiquantitative
work; éléimed that the absorption arises from a very
weak.tfansition in the free molecule which is extremely

sensitive to external perturbations.

Todine in Solution,

Iodine, as is well known, forms violet solutions
in some solvents and brown solutions in others. The.

brown colour is usually attributed to 1l:1 complekes



of iodine with the solvents. The sclvents that
yield vioiet solutions (éuch as aliphatic hydrocarbons,’
carbon tetrachloride) are usually referred to as

. "inert" solvents, since the visible spectrum
ciosely resembles that of gaseous iodine and

- presumably no'complex is formed between the iodine

and solvent molecules.

Doubt has been cast on this interpretation by

Evans.19

He found a definite difference between

the ultraviolet spectrum of icdine dissolved in
n-héptane and that in two fluorinated solventsg:

per fluoroheptane (PFH) and di-perfluorohexyl ether.
'ASSumihg that PFH was truly an inert gsolvent towards
iodine, he was able to indicate the existence of an
iptermolecular’charge—transfer transition below
2600Aldue to either a weak or ccllisional complex
betWéen iodine and n~heptane. Even if the visible
spectrum of iodine in_a particular solﬁent résembles
closely that of gaseous iodine (i.e. a "violet" |
solvent), that solvent may still form chérge—transfer
complexes with iodine, and have a considerably
different ultraviolét spectrum from tha£ of gaseous

icdine.

19 .. ' ' . » .
Evans also found a low absorption maximum
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at about 28002 for iodine dissolvéd in chloroform
and a~émaller maXimum‘ét 28504 for iodine in
ﬁ—heétane; Both peaks did not obey Beer's Law
and nearly vanished at-high dilution. These

- were attributed to the Iy dimer .

~

20

: 21
Keefer and Allen and deMaine have

independently proven the existence of the dimer

I, in carbon tetrachloride. deMaine, deMaine and
McAlonie?? havé‘extended this work'to.inélude

as soivents n-hexane, n—héptane, c~hexane, and
chloroform. AThe results for ioaine dissolved in
carbon tetrachloride are in fairlyv good agreement

" between the two workers. Both decompose the apparent
(observed) molar extinction coefficient, according

to the equation: eupp = €, (|2) + €4K(|2)2

where: €2. is - the extinction coefficient of I,

€, is the extinction coefficient of Ig

4

K is the equilibrium constant I4
(I,)2
The extinction coefficients of Iz‘and I4Ihave maxima
close togethex:

Keefer and Allen20: ,€2at 28002, 64 at 2880A}

s 21 :
deMaine™ " . € at 27754, €4 at 2925A,



The decrease in K €4 with increasing temperature
was ihterpreted as evidence for a bound species

(14)‘as opposed to a colliding'pairzof molecules.
The heat of dissociation of I, was calculated to

bel - 2 Kcal/moie, depending on the solvent.

Purpose of this Study

The extinction coefficients in the ultraviolet
region of iodine vapour are to be determined’accuraﬁely
as a function of concentration and temperature.

This sﬁould clarify the nature of the.transition

at 2700A. It should then be possible to correlate
the vapour phaée spectrum with the solution spectra
wifﬁ sémé degree of certainty. It is also of

some interest to determine whether I4 exists in

the gas phase as well as in various solvents.
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EXPERIMENTAL

Optical Cells.

The 2700A continuum, as mentioned above, is very
'weak;. In order to be.able to work at'léw temperatures
where iodine hag a low vapour pressure, and still have
sufficient absorbance to obtain accurate regults, a

three meter path length cell was constructed.

The exact path length was 298.5 cm. The major
part of the cell consisted of a pyrex tube jOiﬁed
through a graded seal on each end to a short length
of fused silica tubing. This was blown onto a 5 cm.
fused silica spectroscopic cell, which‘was then sealed
‘under vacuum. This achieved two purposes. First, the
" cell could be Heatedn£éyohd the inner optical windows
in order to maintain the entire cell at aiconStant
temperature. Secdndly, the double windows prevented
convéction cooling of the inner windows. Therefore,
iodine could not éondense oﬁ these windows, thus -

interfering with absorption measurements.

An earlier cell used fused silica windows cemented
onto a pyrex tube. However, the cement appeared to

fluoresce when ultraviolet light was shone on it} also
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the cement.discoloured upon heating the cell containing
~iodine. Therefore, results obtained using this cell

could not_be used.

An inlet about midway in the cell consisted of a
FiéCher—Porter teflon needle valve. Although thé'stem
turned pink from absorbiﬁg jodine vapoﬁi, it did not
leak appreciably during a series of measurements (lasting
up to a few days). Nb chémical reaction oécurred befween
the teflon and iodine as was shown by reproducible results

on heating and cooling the cell.

Tygon tubing was used to connect the needle valve
with a small vacuum system., Flexible tubing was used
for this connection to make the alignment with the
specfrophdtometer easier, and also to isolate the cell
from the vacuum pump vibrations. TIodine discoloured
the tygon tubing rather quickly. Therefore, it was
necessary‘to be certain that the cell was not contaminated
by any impurity. Iodine was always introduced directly
into the cell, never through the tygon tubing. The.
-éohcentration of iodine in the cell‘was changed by
pﬁmping out some of it. When inert gases were added
to the cé&ll, new tubing was used. Therefore, the

iodine whose absorption was being studied at any time
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had never been in contact with the tygon tubing,
and the possibility,of-contaminétion of the sample was

eliminated.

The cell was painted blaék to eliminate reflections
and thus prevent an error in effective optical péth
length. Aluminum foil was wrapped around the cell to
"prevent temperature variations along the cell. A
“layer of asbestos paper, nichrome wire for heating thé
cell, and more.layers of asbestos for insulation were
then wrapped éround the cell. A Qoltage from a
variable tfansformer was applied through the nichrome
wire (120 volt model for temperatures up to 65 °c,

240 volt model for temperatures up to 160 °C).

The temperature of the éell was measured at various
placesrusing copper-constantin thermocouples cemented
onto the glass tubing. At lower. temperatures (below
50°), all the thermocouples yielded the same
temperature within about 1 °C. On the other hand, at
Bigher £emperatures there was a tehperaturé drop along
" the cell with tﬁeAends up to a few degrees warmer than
the middle. _Temperatures for the high temperatdre
measurements are given as those measured half-way
between the midd1e and ends. bIn all cases, the cell

could be maintained at constant conditions for as
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long as necessary (about two hours).

For higher.temperature'and concentration measure-
ments,_apshorter path length cell had to be used
-because'the absorbance in the 2700A region was too hign
vto measure in the three meter cell. Originally
constructed for other purposes, this 11,8 cm., cell

was deéignéd to fit into the Cary 14 SPectrophotometer
cell compartment. The cell, made entirely of fused
silica, had a double jacket, the outer one being a
vacuum. The ceil was- wrapped and -heated in the same
way as the three metér céll described above, ‘Ih this
case, however, iodine was sealed in the cell under
vacuum. A small sidearm was left unwrapped and the
concentration could be varied at constant temperature
by varying the temperature of the sidearm by varying

the amount of insulation on this sidearm.
Chemicals.

Mallinkrodt 1008 resublimed analytical reagent
iodine wasg used ﬂxali experiments. The makimum limits
'of impurities specified by the supplier are: Cl and
Br-0.005%, nonvolatile matter - 0.10%. Since all
absorption measﬁrements in £his work were carried out

‘on the gas phase, nonvolatile impurities are unimportant.
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Therefore, no further purification other than
degassing the solid.was carried out. Commercial grade
nitrogen, oxygen and carbon dioxide were used without

purification.

Spectroscopy.

Since fhé long patﬁ length éelliobviously could not
fit into the cell compartment of any automatic double-
beam spectrophotometer, a single«beam iﬁstrument had té
be used. This was of course less convenient to use and

involved more calculations.

A Beckmann DU spectrophotometer was used only as a
monochromator. The cell compartment and the original
electronics and photomtltiplier tubes were removed from

the instrument.,

A holéer for a RCA IP28 photomultiplier tube was
constructed and'attached to the monochromator against
the exif slit. A Kepcb.regulated variable voltage DC
power supply was used to apply a voltage to the
photomultiplier tube. (900 volts gave optimum conditions).
The current produced by the photomultiplie% was measured
by'a KeithleyAmicromicroammeter; Since the currents

produced were small (107° to 1072

amp.), it was
necessary to use very short leads to eliminate stray

<
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currents.

The light sources uéed were a small tuhgsten lamp
for the visible region of thebspectrum,vand'the Beckmann
hydrégen lamp (with its power sppply) for the ultraviolet
region. A constant voltage'transférmer was used to

keep the light output from these lamps constant.

The monochromator was calibrated using a low -
pressure mercury lamp according to instructions given in
the Beckmann DU instruction manual. The tolerance in

wavelength ranges from 1A at 2000A to 6A at 6000A.

The intensity of light (as measured by the currené
produced by the photomultiplier tube) transmitted by the
empty cell (Ip) and'by‘the cell containing‘iodine under
varying condiﬁions éf temperature and concentration (I)
must be measured separatély, “The absorbance at each
wavelength was calculated by the equation: A = log %3 .
Frequent remeasurements of Io over the whole spectrum
were maae to eliminate-the possibility of a change in
the transmittance of the cell, emission intensity of the

lamps or sensitivity of the photomultiplier tube.

The accuracy of absorbances varies considerably with

wavelength, depending on three factors: emission of
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the lampvdsed, photomultiplier response, and the
disperSioh of the monochrbmator. The tungsten lamp’
.was used between 7000 and 34OOA; the hydrogen lamp
between'4000.and 2100A, This allowed somedoveriap

in.a region where iodine absorbs only very slightly;

The‘uncértainty in absorbances is about’0.0QB
at 0 absorbance in the wavelength region 7000-2200A,
The uncertainty rises to about O.bZ,‘at an absorbance
cf 2.5 in the wavelength range 6000~2§OOA, and at an
alrsorbance of 1;0 at‘wavelength ZZQOA. ﬁnder conditions
in which the absorbance iéichaﬁging rapidly with
wavelength (especially in the visible where the spectrum
is comprgssed), there will be an increase of £he
. uncertainty due to a slight uncertainty in the wavelength

position.

As mentioned above, the Cary 14 double-beam
recording spectrophotometer>was used for the smaller
gell operating at higher  temperatures and pressufes.
Thisvinstrumeﬁt yields'absofbénces directly, therefore
- reducing the nuwber of calculations involvea, It was
only necessary to subtracﬁboffvthe absorbance due to

the empty cell in order to obtain the iodine spectrum,
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According to'the manufacturer, the accuracy
ranges from : .002. absorbance units at 0 absorbance
 to'f .008 at_Z.O absorbance (the maximum that can be
measured on this instrument) . Erfors in chart paper
slippage and contractions will increase this error

by ébout 0.005 absorbance units.

Slit~Width Correctioﬁ.

A slit width of 0.4 mm. was used for mést of the
meagsurements using the Beckmann spectrdphotometer.
Thié was the narrowest slit that could be used aﬁd
s£111 have sufficient light intensity on the
_photomultiplier tube to yield reasonably accurate
results. Inc;easing_ghe slit Width‘gave considerably
.differenf absorbaﬁces in the visible (when high
concentrations of iodiﬁe weré'dsed); but only slightly
different absorbances in the ultraviolet. Sincé the
Qisible absOrptioniwas used to measure the concentration
of iodine in'thé cell, it was obvibusly Qf prime

importance to know the true absorbances.

Errors due to using a finite slit width depend
on the curvature of the light distributicn curve

~across the slit rather than the slope.  The equation

’ 2
for the true absorbancez“ is:

(e O [FO(X)—'KAZF O+ LM+ L




- 18 -

where: the subscript 0 refers to no sampie in the light
beam. | |
¢ (») is the true light inténéity at wavelength A
F (X)) is the observed light intensity at wavelength a
K and L are constants which depend on the relative
values of-the‘entrance and exit slit widths. When
they are equal, as iﬁ the Beckmann spectrophoﬁometer,

K= 1/12, L =1/90

eV = FMe) + FOi-c) — 2E)

INL; ()):ﬁAZF(A+c)'+ AZF(A—c)—-z A?F(X)
c is the spectral band width (equal to one-half
the spectral slit width) expressed in the same units

as ).

According to the Beckmann DU manual, the spectral
band width for a mechanical slit width of 0.4 mm. varied
from 200A at 7000A to 85A at 5000A and 4A at 2000A. These

were the values used in the calculations.

Since measurements of light intensity were
generally taken every 50A (for conyenience), ané since
"cﬁ vafiés with waveiength, it was not possible to measure
F ( » +c) and F { A =-c) for each A . Therefore |
F was approximated as a linear functioh of A-between

two adjacent measurements (502 range) in the following

mannerx:
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CAZF(N) = % ()) + fract(gc—o){AzF"(H—- A? F'(X)} |

A (0) = B+ s0imfg)) 4+ F (- s0in(S)) = 2F0)
AZF"()\S = F(\ + 50 im(%))-}-so) + E(\ + 50 intf&)+ 50) —2;:()\)'

where: int (c/50) means the integral part of that ratio
fract (¢/50) means the fractional part of that

ratio. ¢ and A are measured in Angstroms.

A similar equation was derived for the A4 F term.

It was found that the [34F'term was. very small compared

"to the Atherm; therefore it was neglected.

.Thevabéve equations were tested by measuring the
same spectrum at three different (mechanical) slit widths:
0.4, 1.0, and 1.5 mm. The uncorrected absorbances were
consiéerably.different (for the visible absorption) for the
different slit widths; the corrected absorbances agreed with

- each other within experimental error.

An alternate purely empirical method can be used
‘ tb correct-forbslit—width errors. Absorbances can be
e#trapolated to zero glit width to obtain the true
absorbance. This method would require that the ' light
intensity be'meaéured at each wavelength at a few slit
widthé,Aand would iﬁvolve considerably morechrk.'

Therefore, the former method was used.
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Thé Cary 14 spectrophotometer héS considerably 5etter
resolution in the visible region than tpe Beckmann DU.
The auﬁomatic slit contpol was set such that the spectral
;band'ﬁidth at 5000A was about 1/50 of that used with the
Beckmann épectrophdtometer. Since slit width errors.depend
on the square of the slit‘width, no corréctions were'necesséry

for measuremnents using the Cary spectrophotometer.

Measurement of Concentration

The means chosen in this study to measure the concentration
of iodine was spectroscopic., Since the visible zabsorption

7,14

obeys Beer's Law between 5000 and 40004, the concentration,

c, can be determined from this eguation:
A
C =%
where: A is the absorbance at any particular wavelength
€ is the molar extinction coefficient at that wave-~
length.

| is the optical.path length.

Extinction coefficients for the visible absorption of

7,14,23

iodine are available in the literature. Since it is
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necessary that the extinction coefficients are accurate
and that the visible absorption does indeédAobey Beer's
Law rigorously, a'reinveStigation of the visible spectrum -

was carried out,

Three alternate methods could be used to measure the
éoncentration of jodine in the cell:
(1) Saturated 1odine vapour could be used and the concentrat—
‘ion determined from the known vapour pressure curvé of iodine.
This method woqld require very figid température control,
especially at higher temperatures,
(2) The pressure of iodine in the cell could be measured
directly. To prevent ¢ondensation, the pressure measuriﬁg
- device would have to be ét the temperature of the cell.
Beéause:of the corrosive nature of iodine and the necessity
of measuring very low.pressures? such a measuring device would
present major design difficulties.
‘(3)‘ Iodine couid be sealed intd a cell,Lcoﬁpletely vapour -
ized, 1atef analyzed chemically. This method would require
. a separate sample for each different concentration. 'Also
: therefwouldlbe diffiéulties transferring the iodine from the
cell without loss. It would be very.difficult to measure low

concentrations accurately.



The spectréscopic’method was used in this stu@y because
vit is easieét and cén be used with abéut7the same‘accuracy
at all ﬁemperatures‘and conceﬁtrations. Alsp, there is the .
moét'impoftant factor of obsérvihgfdirectly the cbncentrafidn
of iodine vapour in the light bean, Therg-are no complica~.

tions with adsorption of iodine on the walls, etc.

However, spectroscopically only the relative values
of extinction coefficients can be determined. Therefore,
the literature value of the iodine vapour pressure had to

- . 3 : }

be assumed at some temperature in order to find the actual
extinction coefficients, Room temperature was used because
then there could be no errors involved with temperature
control. The values used for the vapour pressure were cal-

25
culated from the equation given by Gillespie and Fraser.

It is'poésible to determine tﬁg concentrétion by measur—‘
ing the absorbance_at dnly one wavelength in,the vigible
'continuum. However, over a wide range of concentration,
the absorbance at any particular wavelgngth will.becoﬁe.too’
large or too small to be.accurately measured. In adaition,
the use of a humber of pbints will reduce the random error

involved.
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RESULTS

Visible -Spectrum

Cur&esv(a).and (b) of Figure 1 show the absorption
spectrum of iodine Qapour without and with added inért gas
(1 atmu). Saturated'vapéur.was used: the extinction'co—v

.efficients rebfesent.an average of tﬁree measurements taken
at different times with the 3-meter cell at a temperature

-~

of 25-27° (corresponding to a concentration of about.

g\x 10“5M); During any one of these spectra, the cell could
be heidvtd within 0.2°C, corresponding to a naximum error

of 2%-in the conéentration of iodine. The temperature was
measuraed not only with the thermocouples, but also with a
mercury thermometer outsidé the cell (since the cell was
being held at room temperature), The temperatures measgred
agfeed with each other within 0.2°C. The aﬁerage deviation
in extinction coefficients.was'less thanv2% in tﬁe range

4300-6500A,

The &ifference between curves (a) and'(b) in the region
6350-4950A is due to more collisional broadening.of‘the

rotational lines at the hicher pressures, The "true" spectrum

7,8

is the high pressure spectrum, curve (k). No difference
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was found (of expected) be}éw 4550A of above 6350A. The
abéorptionvnear 6500A is probably largely due to the

A 3rnu S 'Z:; ‘transition.” The shoulders noticeable
ét about 5500 and 5750A are almost certainly due to transi-

tions from the vibrational levels 1 and 2, respectively, of

the ground state.

Curve (c) in Figure 1 is the high-pressure spectrum

- obtained by Rébinowitch and Wood at 2OPC._ They also‘pre—
sented a spectrum of the pure iodine &apour (not shown here).
The difference between the high and low pressure spectré was
considerabiy émaller than waé found here. This is'probably
‘due to the difference in cell 1en§ths. (12 cm. as opposed

to 298.5 cm). A much more serious problem is the consider-
able (20%’ difference in extinction coefficients.
Rabinowitch and Wood state that their error-was 2%, and that
they obﬁained good agreement using two different instruments,
:Their conceﬁtratiqn was deterﬁined in a manner similér to
that_aone here ét room,temperaturé;_ Iodine was'intfoduced
into the cell at'20°C'frOm aAéonfainer held at l§°C. The
pressuré was agsﬁmed to be thét of fhe,saturated vapbur at

the temperature of the container, using the vapour pressure
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' : o 26 .
- curve given by Baxter, Hickey and Holmes. This curve is

: ' 25 '
within about 2% of that of Gillespie and Fraser in this

temperature range.

Curve (d) in Figure i represents the extinction co-
efficients.éalculated from the equation given by Sulzer and
Wieland (see below). This curve lies generally closer to
that obtained here.than thaf obtained by Rabinowitch and

Wood, especially near the absorption maximum,

Harris and4Willard27found a value of 780% 40 1 mole"l
_Cm;l for the extinction coefficient'at'the absorption

maximum at 5200A. This value is within experimental error

of that of Rabinowitch and Wood, but not of ours.

The extinction coefficients of iodine vapour (usually
Rabinowitch and Wood's values) have been used to measure

’

. . 7,27
the concentration of icdine, -to compare the spectra of
the different halogen molecules,3 and to discuss differences
- .o . . . 28
between iodine in the gas phase and in solution. Some

results and arguments would have to be revised somewhat if

the extinction coeificients fcund here are correct.

The large discrepancies in extinction coefficients
between this study and others were quite unexpected. Very

"careful measurements were made here. A large excess of solid
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iodine,wés left in the'celi fof\several days to come to-
| equilibrium with the vapour, but no changé in absorbance
was-oﬁserved after about two hours; There does:not seem to
be ény source of error that coﬁld falsify our fééults by
20%. Therefore, thé'extinction'coefficients'obtaiﬁed_here

will be assumed to be correct.

As mentionedbabove, Sulzer and Wieland have derivéd an
equation for a continuous absorption spectrum of a diatomic
molecule. Under simplifying assumptions (such as a gaussian‘
cﬁrve Qf chstant area for the‘absorption), the extinétioﬁ
coefficient atvtemperature T and frequency ¢ is gi&en by

the egquation:

€ (V)-émux[t h(%%pr] 1/2 eip{ {tanf‘{;ﬁ?o)][vc\::] }

where: ¢« is the fundamental vibrational freguency.

égmxis the extinction coefficient at the maximum at
0°K |

ADX is.the halffwidﬁhvof the absorptioﬁ continuum aﬁ
0°K

¥, is the frequency of the maximum. According to

this equation, it is necessary to measure the spectrum at
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' only one temperature to find all three parameters: 6:“ . DD
, and 27 . For iodine, Sulzer and Wieland found that
the frequency of the maximum of the visible absorption was

not independent of the temperature, but varied ffom'

1 1

19,250 cm ~ at 423°K to 18,750 cm — at 1325°K, For the

- calculation above for Figure i (d), the absorption maximum

-1

was estimated by extrapolation to be at 19,500 cm (5130AR)

at 25°c,

An attempt was made to find‘new constante in the Sulzer—
Wieland equation that would fit the experimental results
closer; According ‘to the equation, at any temperature the
plot-of log & versus ( 7 - 7, )2 shquld_yield a straight
line of slope (AufY ;; Thisiplot is shown in Figure 2 for a
spectrum of iodine at 65°C (with 50 ﬁorr CO, added as an
inert gas). The absorption maximum was found to be at
: “SlISi SA. Iﬁ can be seen that thevlong wavelength side of
the peak differs éoﬁsidefébiy from the short wavelength side,
The éxpérimental resulté obViously-do not fall on a straight
line. If lines are drawn approximately, as showﬁ,_“ﬁalf-
widths“ of 2050 and 2490 cm—l, respectively,-are obtainéd-

in contrast to the 2060 cm calculated from the Sulzer-

Wieland eguation,



ObQiously, the SulZer—Wieland equaéion does not‘provide
~a good fit of the experimental data for the visible absorption
of iodine. 1In contrast,.Seery»and Brittonzg.were»able'to
£ind é sgf of parameters that would adequately fit.their
e#périmental data on the visible absorption spectra of othér
halogens. The éoor fit for iodine is a£ leést'partly due
to the partial separation of absorption from the'ﬁarioUs

vibrational levels, noticeable by the presence of shoulders

in Figure 1(b).

Gibéonland Bayliss29 for chlorine, and Acion, Aickén,
and Bayliss30'for bromihe; have seéarated the experimental
abszorption curve into contributioné from the first two
vibrati@nal levels. This involves measuring the variation
with tem?erature of the abso;bance at each wavelengtb. How-
evér, iodiﬁevhas.iﬁs vibrational levels much closer togéther;
even al room temperature, 12% of the mOiecules are not in the
first:two vibrational levels, Thiz method woul@ therefore:.
invplée such a long extrapolation as to make.the results

meaningless,

Since absorption continua change shape with temperature,

=

it is nol possible to calculate the concentration of iodine
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diréctly‘ffqm the‘absorBanCe inAfhe visible if'thelqell is
not at tﬁe same temperéture at which the extinction CO-
efficients had been he;sured. The above attempts tovfit'the
ekperimental absorption curve into an equation which is
applicable at different temperatures were made so thaﬁ a
corfeCtion could be made for the va;iation in the absorption
curve with témperature, SinCé the temperature range_used

in this study was nof very large,vit was possible to use a

very crude method to estimate the necessary correction.

-lFrom the shoulders present on the long wavélength side

of thg peak, and the calculation of the relative popﬁlation

of the vibrational levels using the Boltzmann equation, the
positiénvof the first four vibrational maxima can be estimated
"to be 5100, 4700; 4400, 42007, respectively. The Bdltzmann-
-distributioﬁ will ﬁhen allcocw the calcuiafion of £he correction
necessary to cancel‘out the effect of incréasing temperature.
S;nce at all temperatures the absorbance at a number of wave—"
lengthé Was measured, the cofrection necessaﬁy was calculated

at each wavelength., They yielded fairly consistent results.

"It should be noted that the relative concentrations of

icdine ‘at any particular temperature are still accurate to
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about 2%, but the absoclute concentration may be in error

by as much as 5% at the higher temperatures.

Figure.3 shows a plot of the absprbance at various
ﬁévelengths in the visible continuum versus the absorbance
_at 4400A at é3i 2°C. Straight lines were obtained which show
that the‘yisible continuum is‘éonsistent with Beer's Laﬁ ‘

7,13

(as had been proven previously ). The maximum concentrat-

ion used was that of the saturated vapour.

Absorption'measurements in the visible at different
concentrations were made at varicus other teﬁperatures:
25°, 160°C using the 3m,iceli and the Beckmann DU Spectro-
photometer and at 220°C using the 11 cm. cell and the Cary
l4_spectrophotometer; In 211 case;, similar straight lines
(withjdifferént slopes at different temperatures of course)
Were obtained when absorbances at various wavélengths'were

plotted against the absorbance at a particular wavelength.

'2700A Continuumn

. Pigure 4 shows the ultraviolet spectrum of iodine vapour
at various temperatures., The vertical axis is called the

apparent molar extinction coefficient bscause these extinction
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coefficients have been reported to change with concentra-

tion.l4

At low temperatures, the 2700A continuum is virtually
completely separated from any other peak. With increasing

temperature, the main ultraviolet absorption spreads out to

overlap the 2700A continuum,

The realative valﬁes of the extinction coefficients in

l‘ .
; in each

curve (a) are accurate to about 0.5 1 mole " -~¢m
C e v g oan , . -1 -1

of curves (b), (¢}, (d) to zbout 0.2 1 mole cm ©, However,
because of the uncertainty in concentration, the extinction

coefficients in curves (c) and (d) may be all too high or

all too low by an additional 5%.

The extinctiqn coef?igients near the maximum can be
seeﬁ to decrease with inéréasing temperature., (The apparent
increasé_at 220°C is probably due'to overlap from the méin_
'ultraviolet peék.) This 15 no doubt due to the d=2crease in
the percentage of molécules iﬁ the lowest vibrational level -
at_higher temperatures, An increase in the tails.of the
continuum at higher temperatures can also be obsgrved, but
since this increase is spread over'a lafger range of Qave-

lengths, it is not as noticeable. For the change in shape to
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be due to temperature broadening, as we believe, the
integrated absorption must remain constant. This is true

within the error limits noted above, ‘

The absorbanée’at various wavelengths in the ultraviolet
was plotted againét ;he concentration for measureméntsrtaken
at 63i‘2°C. as sﬁown in Figurés 5 and 6; Quifé good straight
1inesvgoing thfough the ofigiﬁ were thained; This seéms to
prove that Beer's Law is obeygd within expe;imental error at
thesg concentrations. There appearS'tobbe some éeviation
from the straight line at the shorter wavelengths. The
random error'in this region is larger because the sensitivity

of the photomultiplier decreases rapidly towards 20002,

Similar results measured on the Cary 14 spectrophoto-
S S . . .

meter at 220- 5° are shown in Figures 7 and 8. Again,
. fairly good straight lines were obtained, although there is
somewhat more scatter., If the observed extinction coeffici-
. ents were actually cowposed of linear and gquadratic terms:’

a=6&1 (1,) + €51 (1,)°2

= G 2 2 - 2

then a plot of €app versus (I?) would give a straight line

of slopeé . This plot is shown.in Figure 2 for three
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‘wavelengths. -The Séatterlis sufficiently large so that it
can not 5e decided definitely whethef or ﬁof there is
actually a positive slope. However,'the slope would appear
to be increasiﬁg towards shortér wévelengtb. Aﬁ upper
limit: for vﬁj of 100 12 mole~2 cm~t can be_estimated for
‘wavelengths between 3200 ana 2800A,>with a progressively
higher upper limit below 2800A. This is an upper limit and
ceftainly cannot be taken as eyidepce for a non-zero

quadratic term,

The temperature of the cell containing iodine at less
than its satdrated vapour pressure was varied between 25
and 65?C. By reference to the visible absorption, it was
found that theAcdncentrétion increased slichtly with increas-
ed temperature. This waé probably due to the Teflon needle
valve stem abso;bing 1ess_iodine at higher.temperatures,
When a.correction was made for the change in concentration,
no change in ﬁhe 2700A continuum was observed except for a
lslight broadening of the peak at higher temperatures, aé

discussed above,

The effect of inert gas on the 2700A continuum was also
studied. About 50 torr of carbon dioxide, nitrogen,; and
oxygen were ea<h added tc the ce2ll containing iodine., The

cell was heated to 53 °C and the speactrum taken. None of
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these.gases caused aﬁy observable effect.on the ultraviolet
spectrum. One atmosphere of ai: was also added to the cell
épntainiﬁg_excess solid iodine and extinctioh coefficients
were measured aﬁ various temperatures up to.63 C. Viftually
identicélirésults Wére obtained using iodine with no air

2.p-1

present. An upper limit of 20 12 mole~?cm™t can be estimated

for the extinction coefficient of the term 1 (I2) (Inert gas).

The absorption at 2700A appearsrto be a true continugm.
No structure could be observed whén 2 slit width of 0.05 mm
wés Qséd with'the-Backmann spectrophotometer, This corresponds
to a spectral band width of 2.5A at 2500A. The absor?tion
mé%imum'is at 2694% 3a, 1t wouid not be possible to
aetermine the wavelength of the maximuﬁ much more accuvrately

than this because of the broadness of the maximum.

The oscillator strenagth for the 270038 continuum was

calculated from the equation:32

£ = 431 x 107 Jev dv

'+ e ~4 .. . :
to be(4.98~ .05Yx 1077, The visible absorption, by contrast
has an oscillator strength of akcut 9.5 x lO“'3 (according to

our work).
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If‘it islassumed that the absorption confinuum}at 2700A
is due\to a,trénsition in the free iodine molecule, then the
potentiél ehergy cufve of the:upper state involved in that
transition can be constructed. The square of each vibrational
wave function times the fraction df molecules in that level
summed. over all vibrational levels yiélds the distribution
of molecules as a function of internuclear distanée. Here,
the harmonic oscillafor-wave functions33 were used with only
the first‘fouf vibratioﬁal.levels'taken into account for the

calculatioﬁ at 63°C. The resultant distribution is plotted
ion the'bprizontal axis as curve (a) of_Figgre 10. The
experimental extinction coefficients divided by the freguency
are plotted on the vertical avxis as curve (b).b Accordinguto
HerzbergB? a curve that will reflect one of these curves

onto the other will be ﬁhe potential energy'curve of the
upper state., In this case, since both curves are nearly
gaussian in shape, the potential energy curve iﬁ this region

is nearly a straight line.
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DISCUSSION

Interpretation of the 2700A Continuum

The abéve results indicate that the 2700A continuum
behavés very mﬁch like a "normal", although weak, traﬁsition
in 12. It does not seem to be affected by temperature, préss-
ure, or concentration. However, previous workersAhave found = -
‘,quite different resuits. To make.our results écceptable,‘it
- is necessa:y to show that the éther results may havelbeen

interpreted incorfectly.

Kortum and Friedheim14 measured the ultraviolet-absorp—'

-3 .

tion spectfgm at thfee concentrations (9;2 xv10‘4, 5.6 x iO .
2.6 X 107'.2 M) at a highér témpe:éture (340°C). They observéd
that the ektinction coefficients increased with incfeasing
concentration. If fhe absorption were due partly to.the;
monomer and pargiy to thé dimer, then~a‘piot of apparent
extinction coefficient'versus concentration would'yield}a
straight_liné._'This'type of analysis was not dqng by Kortum
and Friedheiﬁ. Howevé;, we ma&é suchvé‘élot 6f their results
as shown in Figure i;'for aufew wavelengths,> A straight line:

does not-provide.a good fit of the data. Therefore, this

analysis does not appear to be true.

If the increase in. extinction coefficients were actually
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due to the 27OOA coﬁtinuum,'then fhefe shouldlﬁe a latéer
-incréase in the extinction coefficient with concentfation
.ét 2700A than atleither higher or lower waveiength. ‘Curve
(a) of Figure 12 shows the difference in the extinc¢tion
coéfficients betweén the spectra measured by Kortum and

3

Friedheim at 5.6 x 107° and 9.2 x 1O~4M; curve (b) that

. =2 . -

measured at 2,6 x 10 and 9,2 x 10 4M, It is obvious from
Figure 12 that the increase in extinction coefficients with
concentration is not due to the 27002 continuum, but rather

to some absorption further into the ultraviolet. -

There has been little quantitative wofk done on *the

| vacugm'ultraviolet absorption spectrum of ioding. Bayliss
and;SulliVan35 observed the spectrum between 46,500 and
54,600 em™t (2150>to 1850A), .and reported extinction coeffic-

ients of 29,000 at 49,000 cm™, 130,000 at 51,000 cm™!, and

150,000 at 53,000 e, an oscillator strength of 2,29 was
also reported, although it is difficult to understand how this
was measured since the mazximum of the peak is beyond the limit
" of their ﬁeasurements. Our extinction coefficients are about
lOCQ times sméller at 2150A. A more détailed comparison is
impossible to made bggause'ﬁhe temperature at whiéh'their

spectrum was taken was not specified,
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Grover and Willard3® measured the extinction coefficient
‘0of iodine vapour using the mercury line at 1848.68A close to

' the maximum of one of the most intense absorption kands at

10

.1849.58A. They found that the addition of 600 torr of

argon incfeased the extinction poéfficient from 50;600 to
200,000, This increase was attriﬁuted to the "pressure
broadenihg of the i1odine absorption bands in tbe'region of
1849A, thus increasing the overlap between the iodine band

and the 1849A mercury line." Actually it is the individual
rgtatioﬁél lines'that are broadened rather than tﬁe vibrational
ibands, The increase in extinction coefficient is probably

not just due to £he incfeased overlap but also to the

elimination of 100% absorption at the centers of the rotational

lines.

Aithough Gréver and Willard's extinction coefficient
would gppeér té be in fairx agfeement with thosé measured:by
Bayliss and Sullivan, it should be noted tha£ the two groups
wege measuring differeht guantities, Groﬁer and Willard
weré measuring very close to the maximum.of an absorption
band using, in effect; a very narrow slit. On the other
'hand, Bayliss'ané Sullivan were using a comparatively wide
siit (lOA)-thch covered several bands and yielded an

average extinction coefficient over those bands. This should
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be muéh sﬁaller than meééﬁréments made near the band_
maximum, Therefore; Bayliss and Sullivan's extinction
coefficients were not confirmed by Grover and Willard as
ﬁhese lattef authors apparéntly believe. On the basis of
bbth Gr;ver and Willard's work and ours, Bayliss énd
Sullivan'svextinction coefficiénté appear to be consider-

ably too large.

An interesting point is the prescsure broadening. It
_seeﬁs gquite péssible that the Cordes bands are affected by
'pgeésure in a similar manner to the visible bands; As shown
- by Rabinowitch and Wood,7.the viéible bands apparently do
not obey Beer's Law because of Qirtﬁally complete absorption
at the rotational line centers. If this is indeed the éase
in the ultraviolét, Kortum's results caﬁ be easily explained.
Figure 12, whiéh shows an increasing'departureAfgom Beer's
Law towards shorter Qavglengths, supports our hypothesis. A
test of this cculd easily be méde. The addition.of an
atﬁosphere of inert gas to a cell contéining icdine at a low
-concentration at 340 C should broaden the indiviéual rotatibn«
élﬂlinesf'thus ﬁarkedly incrgase the absorption, and éive a

spectrum similar to that of Kortum's high concentraticn sample.

Sumner's results possibly can be explained in a similar
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manngr; He used a subjective method of subtracting off
‘the absorption due £o the main ultraviolet system. Since
" the 2700A continuum was;'af the higher temperature, only
~a shoulder ﬁévthis systém, large errors can occur; espec-—
ially when it is considered that this underlying abéorp—
tion ﬁéy be changing shape with bofh témperature and
concentratidn. Sumner fouﬁd about 10 to 20% éuadratic
dependency; this cannot be considéred outside his limits

of error.

The identification of the upper state in&olved in the
transition does present s@me probléms. Because the potential
energy curve is almost linear in the range investigated, and
because the absorption is continuous, it would seem most
~ probable, on‘a.qualitative basis, that the state correlates
with either two groundvstate'(2P3/2)‘atoms‘or oﬁe ground .
and one excitea (2P1/2) state atom. The ppssible states
(rejecting those of "g" symmetry and those'wﬁich_would lié

at too low energy) are the following:

(a) A (1, 2y, 34
() T (g, o)
e) 'ZT (o)

All these states arise from the electron configuration

: b
0’3

Wfﬂgﬁf- The iodine molecule is fairly close to
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Hund's case (¢} ( A - A ) -coupling. Tﬁereﬁore both
types of symbols for the states are giVen,'with the ones
in brackets (case (c) ) probably giving a better represent—

ation.

e o + .
According to both cases (a) and (c),an= 0,~ 1 is a
rigordus selection rule., Therefore, transitions to

%5(2u, 3u) states are forbidden,

Mathieson and Rees5 suggest that the state involved must’
cdfrelate with ground state atoms. The only state‘that will
65 so is one of the 0, states; which one is not yet certain.
Again 0T </ 0" is a rigorous selection rule for'case‘kc)

: ana. Z:2¢> Y. for case (a). A fransitibn to \Z:—(OG)

is forbidden for either:caée. Mathieson and Ree55 considef
_that although the:transition to .3§:+(b;)

is rigorcusly forbidden for pure case (c) coupling, weak

absorption may occur if the coupling is not complete.

A difficulty arises in this interpretation from tﬁe

~ observed 05cillat0r‘stren§th Qf the 2700a contingqm being
hcomparablé to thai of the A 3TT (ld) - X s2:+’ (Og+)
near ihfrarec’t'_transitidn° This 1atter-traﬁsition is allowed

in case (c¢); therefore would be expected to be considerably



- 52 -

stronger than the 32:+(OG) - X \Z:+(0§) transition,
Therefore, the-possibility that a 1, state (a component of
either 35" %or AL) lati ith %P5/, + 2P t ‘
either z:qqr A, ) correlating wi 3/2 1/2 atoms is
the upper state of the 2700A continuum appears not

unreasonable.

Figure 13 shows the potential energy curve of the. state
in question in relation to the more established states. The
dotted lines show the . very approximate potential energy curves

. . L : 3+ - ' ' "
if the state were either a z:u (047) or a 1, state. The

portion of the Ou' state at large internuclear distance is
taken from the potential energy diagram of Steinfeld.37
Because of a scarcity of data on these curves, a decision

betweenithe two choices for the identification of the state

can not be made.

Cowparison With Solution Work

As mentioned in the Introduction, considerable work has
been done on the ultraviolet spectrum of iodine in solution,
. . - : 20
Of interest especially is the work of Keefer and Allen = and

deMaine21'22

on the jodine dimer, It shcould be noted first
of all that deMaine makes a gross crror'throughbut a number

of papers when presenting the extinction coefficients of I,.
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They are all a factor of 104 tco small.

Monomeric Absorption

* The extinction coefficient of monomeric Iy in carbon -

tetrachloride is about 46 1 mole ™t cm—l at its maximum at

2800A;2O compared with the gas rhase value found here of

19 l_mo].e—l.,cm"1 at 2700A., If the difference in extinction
coefficients were due'to ;nduction Of.the transition.fpom
two-body collisions between the iodinevand solvent molecules,
i?ey.A :Eil (15) + E.Iz_ Solvent 1 (Ié) (So}vent),

€12'_ ccly, wouid have a value of about 2.5 l?mole“zcm_*.
This is, of course, only a crude approximatioh since in
solution hiéher»ordé: collisions kecome important, but any

better approximation would only lower the value ofCI ~CCl. -
. : 2 4

We previously estimated the upper limit of € IZ;Inert gas

to be 20 l2mole_2cm_l. Since this upper limit is much

greater than the correspondihg.value in solution, the
absorption in the gas at 2700A and in éolution at 2860A
could arise from the same transition, with the d;fference in
-intensitiés due to the induction of the transition by the
solvénﬁ. The 100A shift of the peak maximum going from gas

to solution could be caused by & very small perturbétion of
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‘the iddinevmolecule by,thé 'solvent, The potential energy
V curve of the upper state is very steep at the equilibrium
internuclear distance of iodine: a change of 0.022 would

be sufficient to cause this shift,

Some confirmation on this hypothesis would be aéhieved
if an inducing effect on the 2700A continuum by‘inert gases
could be.fOund in the gas phase. However, a very long path
lengthbhigh preésure cell inert to iodine that could be

heated would be required.

Siﬁce rmuch of the absorption of iodine in solution at
2800A is,vaccording.to our hypothesis, due to the solvent-
induced transition,vﬁhe extinction coefficients should .
increase'markedly_with increasing density of the solvent.
This could be achieved by using a cell which compresses
the solution, similar to the cell éqnstructed by.Ham.38

déMaine22 has studied the ultréviolet spectrum of iodine o
dissolved in other inert solvents. Unfortgnately, his
spectra.Of Ié afe nbt of sufficient'accuracy to'make ény
comparisons. If the above analysis-is correct, the
intgnsity of the absorption of "12"should vary with the

solvent.
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Dimeric Absorption

The evidence seems fairly clear that in éolution, at
any rate, there is a wéakly bound.I4 coﬁplex which has a
transition about 2880A. Because of the close coincidence
in wévelehgth between this peak and.that due to thé\"free"
" jodine mélecule, it seems éuite,probable that they'ar; due
to the same transition. If so, the I4~transition cénnbt

be a simultaneous or self-intermolecular charge-transfer

transition, but is simply an induced transition.

-EXPerimentally_only "ELK" could be determined (see
Iﬁtroduction). However, K is believed to be small (i.e.
(14) < < (I,)), and therefore €, > e*K. Since € 4K = 2000
12 mOle“2 cm“l at 25°C20'21' iodipé would appear to be at
least 1000 ﬁimes more effective at inducing the»transifion
- than the solvent. However the interactions between two
iodiﬁe'molécules in the dimer and iodine and the solvent
are somewhat diffefent in nature. An iodine molecule in a
dimer will cause a stronger pertﬁrbatidn to its ‘partner than

will a solvent molecule. Therefore a direct comparison of

the effectiveness at inducing the transition between the
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dimer and the solvent is not strictly valid.

It would be of interest to compare. the effectiveness
Vof’colliding pairs of iodine‘molécﬁies to that ofvineft
gas moleculeé (in the gas phasg)._ Unfortunaﬁely, at the
extremeiy.high temperatures and concentfaﬁions required,
thé-ﬁain ultfaviolet system would spread out and not allow

the Z700A peak to be observed.

The problem of theAQuédratickextinction coefficient
found .in solution being much larger than the upper limit
foﬁnd'in the gas phase can be explained in one of two ways:
(1) Only in solution . is the I, complex formed in a large .
enough'qoncentration to be observed.

(2)- Bbth in solution and in_the gas phase Ig exists,
However, becauée the transition oﬁserved at 2800A is‘
forbidden for I4, the interaction of the solventvis necess-~

ary for the transition to occur.

Again, compressing the solvent may help decide this
question., If possibility {2) is correct, then the extinction
coefficients of I should increase markedly; if possibility

(1) is correct, not as great a change would be expected.
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We have assumed above, in common with all other authors,
that CCl, acts as an "inert" solvent. This assumption may

19 has shown that perfluoroheptane

ﬁot be vali@. .Evans
(PFH)'and diperfluorohexyl ether are considerably more
"inert" towards iodine than are chlo;oform or the pa;affin
hydr&carbons. This is shown by the ultraviolet spectrum of
_iodine in PFH being closer to that of vapour phase iodine
than is iodine in chloroform. Since deMaine22 has found
that icdine in chlorofprm has a similar. ultraviolet spectrum
to fhat of iodine in carbon tetrachloride; cc14 may not be
the iaeal inert solvent for studyingvthe iodine spectrum,
EQéns noted that the’absorption of iodine in the gas phase
was slightly different from that in the fluorinated solvents,
but apparently did not study it in detail. It would be of
considerable interest to determine.whetﬁer there is any

_I4'absorption in these solvents or whether all absorption

obeys Beer's Law as in the gas phase.

Comparison with Bromine

, . . : 39 .4 . . :
Recently two groups of workers“g‘ 0 have independent-
ly indicated the existence of Br, in the gas phase by means

of a weak absorption continuum at about 2100A&, The apparent
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e#tinction_coefficient was found to‘be composed of a term
independent of and a term linearly dependent on the eoncen—
tration of bromine. The term independent of concentration
did not vary appreciably with temperature; the other term
decreased considerably with increaeing teméerature. The
latter term wae attfibufed to a transition in the Br4_dimer,
which would then have a bend energy of about 2 Kcal/mole.
This transition was not.identified, but must be a simultan-

eous, charge-transfer, or .induced transition.

. According to Ogryzlo and Sanctuary,39 the peak due to

Br, has a definite maximum at about 21004, According to

Passchier et al,4o

lﬁhe Br, peak has its maximum about 2050A.
However, examination of their data.shoWs that the maximum
may well lie below 2000A (their lower limit). The Br, peak
appears to ha&e its maximum between 2100 and 23004, 'Beth
groups used spectroéhotometers containing the RCA 1P28
photomultiplier tube. According to its specifications, the
éensitivity falls off very repidly below 2200A, aﬁd is
virtually insensitive_belowlzlooé..'Therefore, ehe position
of the maximumnm ef the quadrétic~term of the extinetion

coefficient can not be stated to have been found. We believe

only two features have been shown convincingly:

S
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(1) a continuum of Br2 at about 2200A
(2) Some absorption with its maximum further into the ultra-
violet which does not obey Beer's law and which decreases

with inc¢reasing temperature.

Thére is a good possibility thaf the Br, absorptioh

"is due to the same tgansition as we found in icodine at
27002, The extinction coefficientvof Br, athlOOA is about
1/6 of that of Ié at 2700A. (The ratio of the visible peaks
is about’ 1/4.’ On the other haﬁd,.the absorption attributed
toithe Br4 dimer cannot be identified as suéh-gntil a
careful study in the vacuum ultraviolet has determined the

complete absorption continuum.

_EVans4l has noted that the ultraviolet spectrum of

'brominévdissolved in PFH is similar to thé‘gés phase spectrum,
although the deviation from Beer's Law is mbre marked,
Unfortunately, no quantitatibé work has. been done on the
~ultraviolet spectrun of bromine in inert solvents, so that

we cannot compare the difference between bromine in the éas
Phase and in solution with’that-of iodine in.the gés‘phase

~and in solution.

‘Earlier, we postulated that in the jodine dimer (in

solution), the transition at 28002 due to I is actnall
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just the 27002 gas phase transitiqn stréﬁgly indqced by
its partner. In gas phase éharge—transfer complexes
betweéh iodine and donor_mélecules, the observed.charge—
transfer transition is not very far from 2700A, tdieﬁhyl_
sulphide-2900A, beﬁzené—2680A, diethyl ether-}234OA).l7

The 2700A iodine transition would be expepted te be induced
in a chérge—transfer complex. However the magnitude of the
induced transition can'not e estimated becauéé of lack of
data. The induced transition may occur as a Separate
absorption band, possibly;too small to be observed since

it wouid lie close to the strong charge-transfer band.
Alternatively, the excited-charge—transfer state may mix
with the excited ioainé state, Iﬁ that case, there may be
only one band observable having the character of both
charge—transfer and induced tfansition. Further work on
gaseoué charge-transfer complexes betwéen iodine and donor
molecules_and on iodine in inert solvents nay help élarify

this problem.
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