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ABSTRACT

The experimental work reported in this thesis has involved the use of a fourier
transform Michelson interferometer in a spectroscopic search for absorption due
to ammonia dimers in the far infra red region of the spectrum.

Two types of gas cell have been used, fixed path length gas cells and a
non-resonant spherical cavity. The fixed path length gas cells gave path
lengths of 1.2 cm, 3.2 cm, and 16.4 cm. The non-resonant spherical cavity
enabled long path lengths ( ~~ 2m) to be achieved.

The measurements have been made in the temperature range of 184k to 300k and
pressure range of 10 torr to 3000 torr.

Spectral absorption features, whose temperature dependencies at constant density
of ammonia molecules are consistent with them being associated with ammonia
dimers, have been found at frequencies of 50, 70 and 90 em~!. More supporting
evidence come from the binding energies calculated (of the order 3 K CAL/MOLE)
from the pressure and temperature dependence of broad band spectral absorption

in the frequency region of 20 to 55 em” |
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CHAPTER 1

MOTIVES FOR THE RESEARCH PROJECT.

If ammonia dimers are constituents of the atmospheres of the planets
Jupiter and Saturn, or any other planets which have ammonia as an
atmospheric constituent, then the dimers will play a role in the energy
balance of these planets if they absorb electro-magnetic radiation or
if they contribute latent heat.

Therefore knowledge of their absorption coefficients will be needed in
order to interpret measurements made of the atmospheric absorption on
these planets, Also improved knowledge of their properties will
add some enlightenment to long standing problems of reconciling line
shape models with experimental observations since many éuch tests

have been made with spectra of ammoni;?’ 17

The observation of features near 152501"[-1 and 3@ CM‘_1 reported in a

previous publication1 by cymMesTaDp ~ provided a further incentive

for this investigation.



CHAPTER 2

THE AMMONIA MONOMER AND DIMER MOLZCULES,

As this investigation is concerned with the far infra-red absorption
spectra of ammonia and its Dimer a brief description of their possible
geometries- and their present day theoretical absorption predictibns

will be given in this chapter.

2.1. The Ammonia Mbnomer(NHa) Geometry and Spectrum '

2.1.1 The ammonia molecule is in the form of a shallow tetra-
hedron about 1 angstrom on a side and f.4 angstrom high
(see fig. 1 ). The H-N-H angle being 1#7°.
‘The moment of inertia, IA, about the internuclear axis is
4.4 x 1g ~ 49 gm cm® and the moments of inertia,IB, about
the axes at right angles to fhe internuclear axis and
passing through the centre of gravity are 2.8 x 1¢-40

12
gm CM2.

2.1.2 Far Infrared Absorption Spectrum

The NH3 molecule is a symmetrical top with a permanent

electric dipole moment equal to 1.468 debye. The only
contributions to absorption by the NH3 molecule in the

spectral region of # to 248 CM—l(the region of investigation)

are from the pure rofation spectrum, inversion splitting

of the of the'\)2 fundamental vibrational resonance(see fig. 1 ),
and inversion splitting of the 2))2 harmonic,

The rotational spectrum is characterized by the moments of

inertia of the molecule, the line spacing being given by

2B where B, known as the rotational constant is equal to
h -1
cm .
8x*c Ig
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Fig1l The Ammonia Monomer Molecule
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The other rotational constant is A equal to E;;:rff—-CFn .
Tt

The thermal distribution of the rotational levels, in thermal
equilibrium, is given by the general formula NJ-,KN-aI,R e
where E, a function of B, is the energy level and f}T,K
the statistical weight. Hence the pure rotation absorption
spectrum has the form shown in figure 2. (See appendix B
for a fuller theoretical treatment).

The NH, molecule has four fundamental vibrations namely

3
V=337 ol , V=958t Y = 3414 06,
and})4 = 1628 ot (see figure 3 ). All of these
vibrational levels are split into two, this is due to
inversion splitting. This splitting is due to the fact
that there are two eqﬁilibrium positions for the N atom at
the two sides of the H5 plane (see fig. 1). The splittings
for the V) , mode and the 2)), harmonic are 35 and 284 ot

respectively. (see Appendix B for a fuller theoretical

treatment)
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2413 COMPARISON OF OBSERVED AND THEQORETICALLY PREDICTED SPECTRA.

At low NH, monomer pressures the predicted rotational

3
absorption spectrum is in agreement with the observed trans-
mission spectra(see figure20c).

At high NH, monomer pressures, near saturation, the observed

3
spectra have less absorption beyond 148 ML than that
predicted by theory (see fig. 5 ). The excess absorption

(anomalous) in the spectral region of 3% to 118 oMt

can be
explained in terms of absorption due to the NH5 dimer(see
chapters 5 and 6).

The theoretical prediction in the spectral regiom of g to

15 CM-l is complicated by the presence of the ground state
inversion absorption band.whose half width is of the same

order as its centre frequency. The predicted abscoption in this
spectral region is greater than that observed if one uses

the Van Vleck andeisskopﬂ line éhape(see appendix B)

but is negligible if one uses the kinetic line shape

(see appendix B).
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2.2

The AMMONIA DIMER (NE,),

As the postulated binding mechanism for the ammonia dimeris

the hydrogen bond a brief description of it, and its

importance will be given here.

The hydrogen bond is a bond between a hydrogen atom bound to

an atom in a given molecule and a similar atom in another

moelcule, In the case of the ammonia dimez»there is a

bond between a poorly screened hydrogen atom and the nitrogen

atom from another molecule.

The bond energy, i.e. the energy of the reaction NH3 + NH3’=$OJH£h
of the hydrogen bond lies in most cases in the range 2 to

1§ Kcals/mole. Because of this small bond energy and the

small activation energy involved in its formation and rupture,

the hydrogen bond is especially suited to play.a part in

reactions occurring at normal termperatures. For instance the

structﬁres of many organic crystals and inorganic crystaline

hydrates are determined by the hydrogen bond. It has alsc been

recognised that hydrogen bonds reétrain protein molecules to

their native configurations. Becaus_e_,-.all of the physical and

chemical properties of water are determined qf influenced by

hydrogen bonding, this interaction pervades Physics and

~ Chemistry simply because all living things evolved from and

exist in an agueows environment.



2.2.1 THE AMMONIA DIMER GEOMETRY.

The spectroscopic observations reported in this thesis have
been made in the submillimetre region. One of the reasons
for this choice involved a prediction about the structure of
the dimers The dimer is assumed to have a single hydrogen
bond such that the N-H-N bonds are co-linear and have a
total length of 3.4 A (see fig. 6). . Also the symmetry of
the NH3 was assumed to lie along the N-N axis. (Unpublished

work by R.A. BOHLANDER).

2.2.2 Far Infrared_ Absorption Spectrum

Because the exact structure of the dimer is not known it is
not possible to make detailed calculations of energy levels and
transitions. But having made a prediction of a possible
structure, and therefore the moments of inertia and dipole
moment, it is possible to derive a smoothed absorption
coefficient.

‘ In this approach(unpublished work by R.A BOHLANDER)
ammonia dimers are considered to be represented by a super-
position of dipolar dumbells(SDD model) where there is one
dumbell for each principal axis of a predicted structure.
Each dumbell has the moment of inertia I of the medelled
molecule about its axis of rotation and that component of
the dipole moment which rotates about that axis. Rotations

about only one axis at a time are considered for which line

strengths and positions are calculated. quothed

absorption coefficients are gotten from these absorption

lines (Fi Q7).
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The line spacings are 24, 2B and 2C where A = 87;1 CIA

B= Gr%cl, andC= 'é—thE_I'C  (see fig. T)

and correspond to axis a,b, and c.

Using this approach the absorption coefficient shown in the
diagram (fig. 8) wés obtained. It shows that, assuming

the structure prediction to be accuratre, the dimeric absorption

1 1

peaks at about 6§ CM ~ and falls off at about 11§ CM .

~3
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CHAPTER 3

Previous Work on Ammonia Dimers

Thermodynamic Measurements

Measurements of the compressibilities of organic vapour52 have
shown that under certain conditions the second virial

coefficient may te used as a quantitative criterion of the degree
of dimerisation of the vapour, the second virial coefficient
being dependent on the molecular weight of the vapour.
Appreciable dimerization was found only to occur with strongly
polar substances where the energy of attraction tetween
molecules due to dipole interactioner to hydrogen tondingexceeds
XT. 1t was shown that the second virial coefficients of

vapours which do not undergo association may be calculated from the
critical data ty the BERTHELCOT equation for temperatures tetween

.5 Tc and 1.2 T¢c :-

Pv = n (RT + Bp) cees 1
B = 9 RTc (1 - 6 12 ) el 2
129 Pc "2

where B is the second virial coefficient, R is the gas constant,

P is pressure, T is temperature, and the subscript ¢ stands
for critical data.

Vapours which do associate give values of the second virial
coefficient higher than those calculated ty the Berthelot
equation (see reference 2). The effect of dimerization on a
vapour can te treated as follows :-

Consider one mole of a gas, & of which a small fraction X is

associated to A2

T——'Ai



If the total pressure is P, then

Kp = PA2 - 2P (1 --ck)2 esese 3 Kp is the
P (1 -.2(-
A2 2
equilibrium constant.
2
For small values of & where 12> &  and terms in X  may be
neglected.
x 3 P L 2L N ) 4
2 X

The second virial coefficient of a vapour is defined by equation 1,
If B is the second virial coefficient of the monomer A, the equation of
state for a mixture of Ni moles of A with N2 moles of Ay may bte

written (to the first order of small quantities).

PV = (N1‘+ N2 ) + BN!P oonlucnooﬁacc- 5

RT ‘ RT
(N +N ) = (1 ol x ) + (1 -P ) seoeernsevae 6

1 2 5 T
D
and Ni = 1
S0 PV = RT + (B-RT) "reesseesecssssnsrr e 7
P T
D

The vapour thus follows as equation of state

PV = RT +BO P u-o.ouooooo'oo 8

where the observed second virial coefficient is

Bo = (B = BT ) seveecsocncasecns 9

X
p



The equilibrium constant Kp can te calculated from equation 9

ioe. Kp= - RT eesses s et 1 ¢
) Bo -B

The heat of dimerization was obtainéd from the slope of the graph
of 10Ge Kpagainst Tf1 (see reference 2)

- B = 4498 cals/mole. The fact that linear plots
of 1L0Ge Kp ‘against T-'1 were obtainéd confirms that the process
involved is consistent with dimerization in all cases.
This thermodynamic data for ammoni2 is consistent with the presence
of dimers in the vapour phase, tut the observations do not allow us to
distinguish between a short lived transient species and one with a
sufficiently long life time 1o merit being considered as a distict
molecule, the criterion teing whether the dimer can rotate atout an

axis without disociating.

3.2 Spectroscopic Measurements.

3.2.1 In a report by J.E.LOWDER,6 it has been reported that
quantitative gaé phase infrared intensity measurements for
NH3 in the 3micrm region ﬁave been used tp determine
the energy of hyarogen bonding. In this method a
principle of conservation for integrated band intensities
of fundamental transitions in the absence of hydrogen
bonding and the fact that hydrogen bonding enhances the
integrated band intepsity for stretching vitrations was
used.
First of all Lowder showed ty comparing his measurements

to measurements obtained at low partial pressures of NH3

where the contritution due to hydrogen bonded dimers is

10



T

unimportant s that the increased absorptioﬁ is proportional
to p2 at constant temperature. This relationship is consistent

with dimerization as it can te shown that

2
A(Xp) = (A2 -G @ - 2n oL

where, = is the integrated ébsorption coefficient, the sub-
scrips_1'and 2 denote properties of the monomer and dimer
resPectively? NQ denotes the number of moles of NH§ present at
the total pressure P in the absence of hydrogen tonded molecules,
X is the number of moles of (NH3)2 formed, and A (X p) is
the difference tetween measurements at low partial pressufes and
measurements at higher partial pressures where the contribution
due to hydrogen Eondéd dimers is important.
Secondly, Lowder determined from the temperature dependence of
the-integrated absorption coefficients (o?tained at constant
pressure) a hydrogen tonding energy of 4.5 K cals/mole. This
value is agreement with that found from analysis of NH3 second
virial coefficient data (section 3.1)

34242 In a2 report by GIMMESTAD et a11, a spectroscopic investigation
in the region of 1% to 5§ cm-1, using a Michelson interferometer
and fourier analysis, of the spectral absorption of the NH.j DIMER:
was carried out. The main monomer contribution to absorption
in this region is from the first two pure rotational lines.
Since these lines are relatively weak it was hoped to maximize
dimer absorption in this region.
The following method was used to determine aﬁ<NH5 dimer ‘tinding

enersy.

11



At constant temperature the pressure dependence of integrated
absorption was plotted (see Ref 1),  This plot was fitted with
linear and quadratic‘terms, therquadratic terms was aésumed to te
due to absorption by dimeric molecules. From the temperature
dependence of the quadratic term a tinding energy of 3.6

K cals/mole (see REF 1) was determined. This valve is in

close agreément with those reported in sections 3.1 and 3.2.1.
Thesé workers also reported the observations of spectral
features attributed to dimeric absorption at 1@, 15 and 32 em™

(see REF 1),

12



CHAPTER 4.

METHODS AND APPROACH TO THE PROJECT.

While pressure, volume, and temperature (P,V,T) data for ammonia

" provide evidence for the presence of dimers in the vapour phase,

these measurements do not allow us to distinguish between a short lived
iransient species and one with a long enough life time %o be considered
a distinct molecular species. If the NH3 dimer does exist as a distinct
molecule then its absorption spectrum(if it has one) would consist of
features having widths smaller than their centre frequencies because

the molecules are rotating without breaking up.

It was reported in Chapter 2 that the rotation absorption spectrum due to
the dimer was expected to peak at about 6§ ot (on account of its
dipole moment and moments of inertia), i.e. in the far infrared(ﬂ to
48g CM_l). The best available tool for spectroscopic absorption
measurements in the far infrared is~ the fourier transform Michelson
interferometer(see section 4.1). Therefozethis instrument was used..
Fortunately the pure rotation spectrum of the monomer was the only
significant absorption process in this region{at short path lengths

and low temperatures) and thg rotational spacing of 28 CM-'1 provided
adequate spectral regions, clear of strong absorption features, in

which to make unambiguous spectral measurements.

The initial aim of the project was to repeat and improve on the
measurements reported in a previous report, by Gimmestad et all.

Their results have been summarized in chapter 3, section 3.2.2.

13



The apprach to the project was basically the same as used by Gimmestadl,

i.e. using fourier transform spectroscopy with different péth length

gas cells.

4.1

Brief Introduction to Fourier Transform Spectroscopy.

As all the spectral measurements were made using a Michelson

cube interferometer and the spectra were derived by fourier
transformation, it will be useful here to give a brief summary

of the principles and advantages underlying the use of a Michelson
interferometer in far infrared spectroscopy.

One major advantage of fourier transform spectroscopy over
dispersion spectrpgcopy arises because it is not necessary to use -
narrow slits to obtain high resolution. Wifh the Michelson
interferometer the resolution is limited by path difference.
Therefore to double the resolution of a given spectrum it is
necessary to double the path difference and so té aouble the
measuring time to get the same signal to noise ratio. In constrast
to this the entrance épd exit slits of a dispersion monochromator
mist be halved to double the resolution. This in turn reduces
the signal intensity by a factor of 4. It will therefore take
16 times as long to obtain a given spectrum with double the
resolution and the same signal to noime ratio.
A second dvantage is in allowing us to substitute a . simple
optical instrument for z complicated one at the expense of adding
a calculation which can be carried ocut by use of a2 digital computer,
In fourier spectroscopy a common practice is to record the power
incident on the detector as a function of path difference within

the interferometer by scanning the path difference in discrete

14



steps and using amplitude modulation (A.M.). A.M. has several
disadvantages in that zll of the incident radiation is reflected
back to the source for half the duration of the experiment and is
effectively wasted. Also unwanted contributions such as stray rays
are modulated and so are.detected leading to erroneous records.
These disadvantages are very significant in thé far infrared as
the incident radiation is of low power and fhe signal of interest
(the interferogram) is only part of the detected signal. (The
interference function).
In order to utilize all the relevant radiation passing through the
source aperture and to provide some discrimination in favours of the
interferogram at the expence of the unwanted signal to help the
signal to noise ratio, A.M. has been replaced'ay(in the far ihfrared)
phase modulation( P.M.) Other methods have been used by other
workers but P.M. has been used in this work.
In P.M. the interference pattern is gcanned while a rapid path-
difference jitter -of only a fraction of a wavelength is super-
imposed(this produces a signal that is detectable.) The path
difference is modulated by a small periodic displacement of one
of the interferometer mirrors(the stationary mirror in AM.).
A comprehensive treatment of P.M. in the far infraréd is given in
three papers by J. CHAMBERLAIN 14 (see Appendix A for samples

of interferograms and their transforms).

15



4.2

EXPERIMENTAL TECHNIQUE.

4.2.1

4.2.2

The experimental technique is best illustrated by the diagram in

figure 9.

The only major change in the apparatus has been in the type of gas
cell used. Two types have been used which are fixed path length

5

gas cells, and a non=resonant cavity.

FIXED PATH LENGTH GAS CELLS.

Three fixed path length gas cells were used, having path-
lengths of 1.2 CM, 3.2CM, and 16.4 CM. All were made of
brass because of its high conductivity.

The NON-RESONANT SPHERICAL CAVITY,

This was a useful absorption cell ehabling long path lengths
(~2M) to be achieved. The importance of the device, apart
from the long path length, was that it could be fixed into the
existing apparatus and so could be cooled in the same chamber
as the fixed path length gas cells.
This device uses multiple specular reflection inside a gold
plated spherical cavity acting as = absorption cell. The

- effective path length i.e. the length of a colum of gas which
gives the same drop in output power as the cavity, is determined
by three parameters which are 1) the absorption loss in
the gas, 2) the reflection loss at the cavity walls, and
3) the size of the entrance and exitAholes.. An increase of
any of these quantities reduces the effective absorp{ion

path length.

16
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Therefore the path length is effectively longer for a
weak absorber than for a strong a.bsorber((NHB)2 will have a
longer effective path length than NHB).

4.2.2.1 Theory of Cavity

The quality factor of a cavity is defined by the
17

expression

Q 3 2R ( ENERGY STORED ) .........12
ENERGY DISSIPATED PER CYCLE)

4 quality factor can be defined for each loss mechanism

i.el 1 = 1 + 1 00-00-013
Q total Q vac Q &as

where €vyvae the quality factor when the cavity is evacuated

and Qgaz the quality factor when there is gas in the cavity.

A transmission spectrum is the ratioc. QVEC

Q total
equation 12 becomes
Sxag = 1l + Kvac 14
QI‘OTAL ans . e o0 s020 0000
Now from reference 5 ”
Qvac o 2RV 2r
' 1-R

and Qgas = 277‘9
KPp -

where) is the frequency (CMfl), r is the radius of the
sphere, Ris the reflectivity of the walls at normal
incidence, K 1s the absorption coefficient in NEFERS

per cm atmosphere, and P is pressure,

n.o 1 = 1 + O(I@ evevensoanns 15
TRANSMISSICN
where X = 2r
(1-7)

17



The quantity (1-R) is proportional to the square root of
on?

the frequency but the prediction” of the constants of
proportionality from classical theory is unreliable and

mst be determined experimentally(see Appendix C).

18



Chapter 5

Experimental Results

Dimer Absorption Contour and Binding Energies

S5e¢1 Dimer Absorption Contour

The first object was to show that the observed absorption of NH3
&s could not be explained by what is known about the NH3 monomer,
The comparison of an observed and predicted transmission spectra
is shown in figure 5. It can be seen that there is anomszlous
absorption in the spectral iegion of 2f to 148 em™!, The ratio of
these spectra gives the anomalous absorption contour shown in figure 1¢.
This anomalous absorption ﬁp to 10¢ cn™! is shown 4o be consistent

with it being associated to NH3 dimers in the following sections.

5.2.1 Apparatus

The apparatus that was used in the initial work in the spectral
region of 2¢ to 58 om™will be called Mark 1_(see Fig. 11).

The interferometer was phase modulated and had a 36 Micron
beamsplitter giving a first minimum in the spectrum at 8Pecml, This
maximised the sigral in the region of interest.

The main part of the optical path was enclosed in a vacuum tank
(made of Aluminium) to minimize the effect of atmospheric water
absorption and to allow the sample cell to be cooled (see Fig, 11).
The gas cell, made of brass (high thermal conductivity) with crystal
gquartz windows, was fitted onto the bottom of a thim walled stainless
steel (low thermal conductivity) container which fitted into the

vacuum tenk (see Fig,11). The gas cell could be cooled by pouring

18
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several contirolled quantities of liquid nitrogen into the stainless
gteel container, the temperature being measured by three thermistors
stuck onto the #bsorption cell with epoxy resin.

The source consisted of a high pressure mercury are lamp contained
in a2 spherical cavi%y of five inches diameter as described by R.EMERE.ll
The purpose of this arrangement was to s cramble the radiation emitted
by the lamp which normally has a channel spectrum.

The radiation was detected by a helium cooled GERMANIUM bolometer.

5.201.1. Vacuum and Gas Handling System

Three pressure gauges were connected to the absorption cell and
vacuum tank gas handling system. A PIRANT gauge was used for hackground
pressure measuremenis, a precision aneioid gauge was used for pressures
between @ and 10¢¢ torr, and another aneroid gauge for pressures above
10@g torr. One vacuum pump was used.

5.2.2 Experimental Procedure

Tnitially the cell was evacuated to a pressure of T4 microns or
less, and a2 "background" interferogram was recorded., Then NH3 gas was
allowed into the cell to the required'pressure and a "foreground"
interferogran was recorded. Spectra were derived from interferograms
by fourier transformation.

Bach foreground spectrum was ratioed %o its relevant background
spectrum giving an observed NH3 transmission spectrum. The procedure was
repeated at various pressures (at constant temperature) constituting 2

pressure scan.



The observed NH3 transmission spectra were ratioed to their
relevant NH3 theoretical spectra giving 'Anomalous! transmission
spectra i.e. |

Tobserved = Ttheory x Tanomalous

Tanomalous = Tobserved
Ttheory

where T is transmission. Figures 12 show examples of anomalous
transmission spectra obitained during a pressure scan at 259°K

Using 2 mini-computer calculations of integrated absorption were
carried out on the resulting anomalous transmission spectra in
spectral regions free from strong absorption due o NHBmomoner,'or
atmogpheric water vapour.

Hel2e3 Results

For each pressure scan at constant temperature, the integrafed
absorption measurements were plotted against pressure (see fig 12,
Since dimer concentration goes as monomer concentration squared the

plotted data was fitted by the following quadratic equation,

- A P2 ade 16
T2

As can be seend from the curve (see fig.13) the anomalous absorption
does show a quadratic pressure dependence, But this quadratic pressure
dependence is not a totally convincing criterion for fhe anomalous
absorption to be associated with NH3 dimers as it is known that the
ordinate of a single absorption frequency at a distance far from line
centre varies quadratically with pressure:];3 It was therefore necessary to

show that the anomalous absorption had a temperature dependence consistent

with dimerization, and which could not be explained in terms of the
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nonomer, This was done in the following way,
The dimer concentration N2 is given by
2

N, = OTN EXP (-E
2 1 éﬁ%"'........" 1;

where N, is the monomer concentration in molecules/ Cn’ sy 0 is a
constant with units cma/molectﬂ.e, and E is the binding energy and
is negative so that (=E) is greater than zero.

By teking A as a measure of how dimer concentration changes with

tenperature we get an ARRHENIUS equation

E:K d mGeA 0000000.000000000018
a(1/T :

The plots of LOGeA against 1/T (see figs 14) shows that the
anomalous absorption has an exponential temperature dependence which
is consistent with dimerization but camnot be explained in terms of
the NH3 menomer which has only a 'I.‘5/ 2 temperature dependence (an
exponential temperature dependence is far steeper than a T5/ 2
temperature dependence).

The fact that the anomalous absorption has a gquadratic pi‘essure
dependence, at constant temperature, and an exponential temperature
dependence a.t. constant N'Hsdensity is consistent with the
hypothesis that the anomalous absorption is due to the NH3 dimer,
Also the caleulated binding energies are in close agreement with those

obtained by other ———L 6
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Binding;Eﬁergies Calculated from Anomalous transmission Spectra

Spectral region ' E K Cals/mole
21 T 24 cm! 3.3 £ 49

26 TG, 32 cm™ 301 & o9

4 TO 46 cm~t 2.3 +

48 10 53 cm” 2.7 £ 1

64 TO 67 cm-l 2.6 £ 1

It was gtated in Chapter 4 that <the initial aims of the project
were to repeat the measurements of Gimmestad et al.1 Having calculated
a binding energy in close agreement with that of Gimmestad it was
decided to concentrate on a search for distinct spectral features due
to dimeric-absorption., For this purpose new apparatus, to be known

ag Mark 2, with a longer path lengtk (16.45 cm) gas cell was used.

5¢3.1 Avpparatus

As can be seen from figures 15 the basic lay out and
function of the apparatus is essentiélly the same as that used in ‘
Mark 1, i.e., source (scrambler), interferometer, gas cell connected
to a dewar ("cold finger ") contained in a vacuum tank, bolometer and
data’ logging equipment.

The gas cell was again made from brass and was 16.45 cm long.
The two ends of the cell were wedged so as to prevent channel specira,
An aluminium block positioned between the cell and the cold finger -
provided a temperature gradient between the cell and the cold finger,

which made it eesier to control the temperature of the cell.
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The temperature of the gas cell waé again measured by attatching,
using epoxy resin, three thermistors to different points on the cell.
The table in figure 16 shows that the temperature variation acioss
the cell was nd greater than 3° K

In orier to observe any spectral features (as reported by
Gimmesta&) near 1§ 051 with good signal to noise ratio a 125 microen
beamspiitter, which gives a first minimum at about 23 cm:1was'used.
The phase modulation was adjusted to give a maximum between 4 and 23 cm-'1
A wire mesh filtering system was used to cut down high frequency radiation
as the cell was fitted with TEFLON windows instead of crystal quariz
windows (" teflon windows were used instead of crystal gquartz windows
in order to work at higher pressures up to 4¢@@ torr).

The vacuum and gas handling system was similar to that used with
Mark 1.

Se3ele Experimental Procedure

The experimental procedur: was nearly the same as that used with
Mark 1, i.e. pressure scans at constant temperature, except that this
time the observed transmission spectra were not raticoed to their
relevant theoretical transmission spectra, The reasons for this were
that a) as mentioned in section 2.1,2, there is some confusion
over which line shape to use for the ground state inversion line,
and D) according to the kinetic line shape there is negligible
monomer absorption in the spectral region (§ to 2f cm ), temperature
and pressure range, and path lengt: in’'which observations were
being made. Therefore any &sorption in this region was assumed to

be due %o the 1} dimer.
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Integrated absorption measurements were calculated in the

spectral regions of 4.% to 9.9 cm-1, T o 9.9 cmf1, and 9.9 to

1. The 7 to 9.9cmf1 region was included so that the binding

18.1cm
energy calculated in this region could see compared to 7 cm-1 work,
carried out a2t the Appleton Laboratory by LLEVELLYN-JONES, on NH3
using an untuned cavity.

The results were analysed in the same manner as with Mark 1, i.e.
binding energy obtained from the temperature dependence of the
quadratic coefficient of the pressure dependence (at constant

temperature) of the absorption (see fig. 17).

Binding Energies

Spectral Region E | K cals/mole
449 to 9.9 cm” 2.5 & o4

7 to 9.9 o™ 2.3 + W3

9.9 o Belom™ 2,3 + o1

De343s Discussion of Results obtained with Mark 1 and Mark 2

The results obtained with Mark 2 are consistent with those
obtained by LIEVELLYN-JONES, but the value of the binding energy
is legs than that obtained with Mark 1 and by other worknﬁg 5 6.
A possible reason for this is that there is more absorption in the

1 than predicted by the theory using a kinetic

region of @ to 2@ cm~
line shape., A valuable extension of this work would be to defermine
which line shape would be needed in order to calculate a  dimer

binding energy consistent with the Mark 1 experiment and with other

workers.
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In section 6.2.3.2, chapter 6 absorption features attributed to
the NH3 dimer (because of their temperature dependence) will be reported.
The measurements resulting in the observation of these features were
obtained at low temperatures and pressures i.e. 19@K and 19 torr
Therefore‘the NE3 monomer absorption lines were narrow and weak with
no absorption between the lines (greater than 9% traﬁsmissioﬁ), and
so any measurements made on features in between the lines were
completely independent of the NH5 monomer prediction,

The temperature dependence of these features was found by making
observations at different temperatures but at constant density of
l\IH5 molecules, This dependence was found to be exponential i,e,
they cbuld not be explained in terms of NHB_monomer absorption,

(see figs. 18 ). |

Again binding energies were determined from the temperature

dependencies of these features, .

Binding Energies

(Posstion of semtuze) E K _cals/mole
4 to 51 on 5.5+ .2
6840 73 cm 5.2+ .2
98 to 95 cu™ 5.8 .3
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It can be seen from the theoretical N'H3 monomer predictions (see
chapter 6) that the transmission in the spectral region of 46 to 51
cm =1 is 1 525;25%, but the {transmission becomes less as the frequency
increases i.e, about 9% in thz Tegion of 68 to T3 cm™! and about 98%
from 9% to 95 cn”!, This together with the fact that the signal to
noise ratio (in the observed spectra)is a maximum at about 555c:m-1 and
decreases with increasing frequency is the reason for the variation
in binding‘ energies.

The apparent decrease of binding energy with increase of I\TH3
monomer absorption, which is ignored in the calculations, is consisten‘t

with the low binding energy results obtained in section 5.3, in which

the NH3 monomer absorption was ignored,
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6.7.1

CHAFTER 6

Experimental Results

The Search for Spectral Features due to the NH_ Dimer

3
The Search using Mark 1 and Mark 2

The initial search for speciral features involved the use of
2,2 em (Mark 1) amd 16.45 cm (Mark 2) gas cells. Observations
were made in the spectral region of 4 to 6 § em | and vere made

at different temperatures, ranging from 24 P°K to 3PP°K, and at

different pressures near to the saturated vapour pressure at the

relevant temperatures.

In this initial search no anomalous spectral features were

found. As can bte seen from figure 19 there is a definite
correlation between the apparent spectral features in the
Iransmission spectra and the back ground Spectra.v These apparent
features were caused by variations in the background signal -
level‘which would be gquite signifiéant in this low power spectral
region.

Observations were also made close to the conditi ons reported in
the paper bty Gimmestad 1 et al except that a longer path length
a8 5311; and a different geometrical configuration was used’
in the apparatus. The spectrum shown in figure 2@ does not show
his reported features.

Summary of initial Search

Even though no distinct spectral features were observed
there was still considerable anomalous absorption which
through its temperature dependence has teen shown to be
consistent with dimerization.

If spectiral absorption features due to NH5 dimers do

exist then a possitle reason why no such features were
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6.2

6.2.1

6e2.101

observed was that each individuai dimer rotational line was
pressure broadened (by the NH3 monomer ), and because of the small
dimer rotational spacing, the result was a smoothed spectrum.

The observed NH3 dimer contour is in close agreement with that
obtained from the S. D.D.S model (see fig 19).

Low Temperature Work

In order to observe distinct spectral features due to dimeric
absorption it would be necessary to agcomplish three
experimental aims which were to maice observations 1) at low
pressure, to reduce pressure bréadening of NH3 dimer lines Tty
NH3 monomer, and also to reduce the NH3 monomer contfibption
between rotation lines to negligible values, 2) at low
temperatures to increase the dimer concentration, and finally
3) with a long path length.

An additional incentive to make observations at preséures
near 2§ torr was some recent unpubtlished work (Appleton
Laboratory) carried out on saturated water vapour at
pressures near 2@ torr, is which a water dimer binding energy,

higher than that previously found, was calculated.

Low Temperature Work carried out with a modified
Mark 1 (Mark 1a)

Apparatus
Mark 1 was modified so that it was fully pﬁmpable

thereby completely remcving atmospheric water

vapour from the spparatus (see appendix b).

Two different path length gas cells were used with
Mark 1a, one having a path length of 1.16 cm and the
other 3.2 cm.
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6e2.1.2

The initial cooling of the gas cell was achieved by
pouring liquid nitrogen into the stainless steel container
and then, when the temperature of the cell was near 2¢¢°K
a mixture of Acetone and dry ice was poured into the
container. This method enabled a temperature of 2¢¢°Ky
be, achieve.

Results

The first measurements were obtained with the 1.16 cm cell,

' at a pressure of 4§ torr and at two different temperatures,

room temperature (297°K) and 2pp°K. Several measurements

.were made at each temperature and the resulting

transmission spectra were averaged together,

The results looked yery_nromising with absorption not
predicted by NE3 monomer theory in the region from 45 to

55 em™ (see fig 21 ) and so the cell was replaced with
the 3.2 cm ceil. Séveral measurements were made at a
pressure of 4f torr and a temperature of.2¢¢°K. Again the
results looked promising (see fig 22). These results
showed that a longer path length cell wasneeded and also
that it would be better to decrease the temperature further
in order to reduce the contribution to absorption from

‘1)2 inversion lines. For this purpose Mark 2 was

modified so that it was fully pumpable.

30



" Pressure = 40 Torr
Feroperature = 297 K
Paih Length = 116 cm
Resolution = 1cm™

100 |

Transmission

1 i L 2 3 N 1
140 156

Frequency

Fig 2la NH3 Transmission Spectrum




Pressure = 40 Torr
Temperature = 200K
Pcﬁg Length = 1:16 c¢m
Res lutlon = lcm™

100/

C
Q
wn
v
E
0n
C
g
’—.

i L 1 )

(% bl 123 150 24

Frequency

Fig 21b NHg Transmission Specirum




Transmission

Fig 22

Pressure
Temperature
Path Length

Resolutlon

miua u

4LO Torr
200 K
3-2cm
1em

1683
Frequency

NH5 Transmission Spectrum




6.2,2 Low Temperature Work Carried out with modified Mark 2

SMark 2a)

6020201 Aggara‘tus

Mark 2 was quite easily converted into a fully pumpable
system. The interferometer and source arrangement was
taken off Mark la and fixed onto the vacuum tank., 4An
aluminium flange was designed and built fo attach the
bolometer to the tank, the flange being permanently fixed
onto the bolometer. This proved to be the most difficult
operation as even a slight stress on the flange was enough
to cause a minute leak into the bolometer with a subsequeﬁt
increase in the rate of loss of helium. |
An improvement in the temperature measurement was achieved
by the use of a thermocouple in conjunction with the thermistors.
It was fitted to the cell (16.45 cm) by driiling a small
hole into the cell's side and then fixing the thermocouple
into the hole using epoxy resin. Also a 12 watt electric
heater was inserted between the aluminium block and the
cell to provide greater control over the cooling at these
low temperatures,

602.2.2 Results
Three transmission spectra were obtained at a pressure of
19 Torr, a temperature of 195°K, the resolution being 1 cm-1.
The average of these three spectra is shown in figure 23.
Comparing this transmission spectrum to those obtained
with Mark la (Section 6,2.1,2) it seemed that there was

definite anomalous absorption in the region of 45 to
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55 e (because of the absence of NH5 monomer lines in
this.region) and possible anomalous absorption in the
region of 65 to 75 cm—1. The only way to confirm this

would be to increase the path length by an order of

magnitude.
6.243 Low Temverature Work carried out with non-resonant Spherical
Cavity MARK 3
6e2e3.1 Apparatus

The only differ=znces btetween Mark 3 and Mark 2a were
that the fixed path length gas cell was replaced. bty the
cavity absorption cell and that two electric heaters were
used instead of one.
Again low temperatures were achieved using liquid
nitrogen and thg cavity temperature was measured using
two thermistors and a thermocouple (attached in the’same
manner as with Mark 2a).
6.2;3.2 " Results
The first observations were made at a temperature of 193°K |
and an NH3 pressure of 2@ -torr with a resolution of .3 cn !
Normally it took 1é-hours to produce one set of back-
ground and foreground spectra.
As can be seen from the spectra in figures 24 these first
otservations were very exciting as there appeared to te
definite anomalous spectral features around 58, 7@ and
9 —
More otservations were made at the same pressure but at
temperatures of 208°K, 257°K and 298%K to give an

indication of their temperature dependence (see figs 24 )e
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6424343

Also some measurements wers made at a pressure of 1§ torr

and a temperature of 184°K. The spectra show that the
features dissappeared with increasing temperature.

It can bte seen from the spectra in figures 24 that they

are of high quality. This is tecause each one is the

average of several independent transmission spectra.

During the time in which the observations at the tempera-
tures 193°K and 2¢8°K were made the tolometer developea a
fault and was therefore replaced by a new tolometer

which was used through out the rest of the project. This
new bolometer allowed measurements to be made out to a
frequency of 128 cm-1, whereas the transmission characteristic
of the previous bolometer fell off at about 9 .
(the only difference between the two bolometers was that
fhe new bolometer had a different germanium element). This
difference was presumed to be characteristic of the
element because the internalfilterirgcould not account for
this.,.

Otservations of Saturated Vapour

Sometimes at the end of a day there wasn't enough time to
obtain foreground and background spectra.of high resolutions
(.30111-1 . Therefore additional observations of the
saturated vapour at low temperature (+ 193°k) and low
resolution (1 cm_1) were made (see figures 25 ). Again
the appafent spectral features can be seen particularly

the feature at 5¢ e
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6.2.3.4

6.3

Observations made at constant density of NH_ molecules
j J

In order to be confident of attributing these features

to absorption by NH3 dimers it was necessary 1o show that
they had a temperatﬁre depéndence which would only be
explained in tgrms of the NH3 dimer. This method has

been discribed in.section 563, the temperature dependence
aml the resulting binding energy being consistent with the
absorption teing of dimeric origin.

Again the spectra (see figs 26 .) are of high quality,
each being the average of several independent itransmission
spectra,

Even though the evidenée, i.e. the spectra obtained from
Mark 1a Mark 2a Mark 3 and the calculated binding energies,
of the features being of dimeric origin is very convincing,
checks had to be made to ensure that the featuresrcould
not be caused by some other means.

Possible Sources of Errors

There are three mechanisms which could be thought of as a

possible means of causing the absorption features. These are a)
A part of the cavity which has a temperaturé dependence, b) A
periodic error in the screw drive of the moving mirror which
would cause ghosts and c) a standing wave pattern in the cavity.
b) and c) can te ignored as they could not show such a steep
temperature dependence.

Dealing with a), analysis of the Eackground spectra obtained

with the cavity showed two absorption tands at 45 and 54 cm-1

which grew stronger as the temperature was lowered (see figs 27).
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Because of these btands special care was faken fto ensure that
foreground and background spectra were recorded at a constant
temperature,

The obvious source for these absorption bands had to be the
Teflon windows of the cavity; A survey of the literature
produced a paper 8 reporting these bands. According fto the paper
Teflon at 4.2°K has strong absorption bands at 46.5 and

56 cn”! (see fig 28). These must be the bands that have bteen
observed.

A comparison of the observed tackground and transmission spectra
shown that the absorption feature at 5@ cm (attrituted to

dimers) cannot be explained in terms of the Teflon absorption

bands,
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CHAFTER 7

Summary and Suggestions for Further Extensions to this Work.

The experimental work reported in this Thesis has shown the existence
of spectral absorption featureé near 58, 7% and 9¢ cm—1 whose
temperature dependencies, and resulting binding energies, at constant
-density of NH3 molecules, are consistent with them using associated with
NH3 dimers. More supporting evidence comes from the binding epergies
calculated from the temperature dependence of broad band spectral
absorption in the region of 2¢ to 55 CM-l. These calculated binding .
energies are in close agreement with those calculated by other'wofkerslsé.
The binding energy calculated from the temperature depeﬁdence of broad
band spectral absorption in the region of 4 to 18 CMTl(between the
ground state inversion time and the first rotation time) was

found to be less than the other calculated binding energies reported in
this thesis. As it has been mentioned in section 5.2.3 it would be
revwarding to determine which line shape would be needed for the ground
state inversion absorption band in order to calculate a binding energy in
agreement with those previously mentioned.

In-ofder to make a detailed analysis of the spectral features, whiéh
would yield information concerning the structure, dipole moment etc.,
of the NH3 dimer, the path length would have to be increased by an
order of magnitude oi more(so that the features are stronger). A
possible method of achieving this would be to use a white cell (a
multi-pass absorption gas cell) which should be capable of giving path

lengths greater than 1¢M.
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Of course if NH3 dimers are atmospheric constituents of Jupiter
and Saturn then it should be possible to observe these features
because of the large effective path lengths and low temperature

afforded by these planets.
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APPENDIX A

Stannic Chloride = An exercise in Fourier Transform Spectroscopy

An investigation of the V 4 vibrational band of Sn Cl4 was
undertaken as an exercise to show the relationship between an

interferogram and its fourier transorm, the specirum,

A.,1 The Sn Cl4 Molecule

Sn C1l4 is a tetrahedral molecule with point group Td., The
molecule is composed to 5 atoms and therefore has nine (3n-6) normal
vibrations (see fig. 29).

Thé‘dipole moment of the point group Td (XY4 type molecule)
has the triply degenerate species F2 and therefore only the vibrations
of species F2 are active as fundamentals is the infrared, i.e.-L) 3
and\) 4.

A publication by F, KONIGER and A. MULLER9has reported the
observation of the\) 4 vibrational band and some of its isotopes., The
observed frequencies are shown in the following table,

Observed Fundamental Frequencies

Branch SnC14 Négy  3Seuy gy 3oy
R 13¢.8 £.5 131.8 .3  129,0 1.3
126.8 %,5 127.5 X,2 125,1 I,2

+ + +
122.8 -.5 123.2 -.3 12102 -03
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Fig 29 Normal Vibrations of the 5nCi;, Molecule




A.2 Avparatus
‘ In ordér 4o make observations in the frequency range of 14¢ +o
2¢¢ 6M-1‘it was necessary to reméve all atmospheric water vapour from
the apparatus as it is strongly absorbing in this regiéﬁ; »Therefore
Mark 1 was converted into a completely pumpable syétem (to bg known as
Mark 1a) ( Figure 38). The brass gascell, and the adjoining gas
héndiing system, of lMark 1-was not used as Sn Cl4 is extremely reactive
and would atback these ifems. Instead a stainless steel cell was used
which could be filled with Sn C14 liquid or vapour and then placed in
the radiation path in the vacuum tank,

A,2.,1 Method of Filling Cell

Sn Cl4 is a dangerous substance. DBecause of this the cell was
filled in a fume cupboard. To-ﬁrevent contamination of the Sn Ci4
when the bottle top was taken off, a finger from a rubber glove was

- fitted over the top of the open Sn C1l4 bottle (fortunately this was a
good.tight fit). When the cell was ready to be filled z small hole
was cut into the top of the'rubber finger and the tube from the cell
Qas inserted (see fig. 31)

The syphon (see fig. 31) produced a gentle suction which sucked
Sn C14 into the cell, A small light bulb situated behind the cell
enabled the level of the Sn Cl4 in the cell to be observed (when
using polypropelene on T.P.X windows it was impossible to see the
level without using 2 light bulb), and by careful manipulation of the

taps it was possible to £ill the cell to the required amount.
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In order to make.observation of Sn Cl4 vapour, instead of
completely filling the ceil with Sn Cl14 liquid it was one third filled,
and then using a vacuum pump the Sn Cl4 was pumped off until the liguid
level was halved i.e. there was now saturated SnCl4 vapour in the cell

A3 Observations

The observations can be separated into two sections because of
the different cell windows used,

In fact four different typéé of cell windows were tried, which
.were, polypropelene, high density polythene, Teflon, and T.P.X.
T.,PeX. windows proved to have the highest transmission and
subsequently the highest signal to noise ratio in the region,

Tnitial results had shown that Sn Cl4 liquid was too strong an
.absorber in this region and éo all the subsequent dbservgtions were of
the saturated vapour.

A0301 T.P.X, Windows’

A background interferogram was recorded over night and a
foreground interferogram recorded the next day, ‘

The resulting observed transmission spectrum (see Fig 32) shows

. the absorption due to the V 4 vibrational mode with apparent strong

P and R branches, | |

Tke background spectrum (see fig 33) shows the presence of a
channel spectrum which peaks in intensity around 125 cn™'. This
channel spectrum wes removéd by a method which will be described in

section A.4
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When the cell was taken apart (and washed in distilled water,
"as it was after each filling) it was apparent that the SnCl4 had
atfackéd the T,P.X, Qinﬁows. Hence the measurements were repeated
using polypropelene windows. |

A.,3,2 Polypropelene Windows

This time instead of recording foreground interferogram the day
aftef recording a background interferogram during the night, sevefal
foreground,interferograms were recorded during the day. The resulting
foregroﬁnd spectr@ were checked for consisténcy and then their average
was ratioed o the background spectrum. |

The resulting transmission spectrum (see fig. 34) is consistent
with that obtained in section A.3.1. (the increased absorption seen
beyond 140 cm-1 in A.3,1. is most probably due fo the substance formed
by the reaction of SnCl4 on T.P.X.).

._' The periodicity of signal seen in the fo:egiound interferograms
(see Fig. 35) correspond. to wavelengths around f25 cm-1 as observed
in the resulting spectra, This is analogous to the fourier transform
of a dirac function. |

A4  Removal of Channel Spectra

Analysis of the background spectra showed the existence of two
channel specira of gpacing 2.2 and 1,2 cm-1. Subsequent study of the
inferferograms showed the fourier transforms of these channel spectre (see
figs. 36). The channel spectra corresponded to path differences of
o4 and .8 cm whichwere comparable to the widths of the cell windows and
therefore the cell windows were, initially, thought to bve the cause of

the channel srectra, Hence the surfaces of the windows were mechanically
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Fi1g.36 This llnierferograhlndlcaies the Presence of a

Channel Specirurm (see arrow )




scratched in such a way so as to prevent the interference of internal
reflectioné. This procedure made no difference to the channel spectra
whatsoever, | | |

Another possible source for the channel spectrum was the window
in the silicon golay detector. 3But as ‘replaci_ng the window (or
wedging it) would have been a difficult operr;v.'bion it was decided to
alter the interferogram itself, Hence the data poinfs associated with
the channel specira were substituted by data points from the end of the
interferogram. This procedure was justified because of the expected shape
of the. SnCl4 'l) 4 absorption band which would have meant that the méjor
part of the information in the interferogram would be situated near zero
path dii_'i‘erence. Cne can see from figure 36 that the feature associated
with the channel spectra are quite far froﬁl zero path difference.

As can be seen from the transmission spec‘hr; ocbtained from altered
foreground and background interi‘erogréms, (Figs 32, 34) they have a slightly
better signal td. noise .ratio otherwise they are .no different from the

transmission spectra obtained in the normal a.nalysis. (F g 38).
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APPENDIX B

The Pure Rotation Spectrum

The ammoni‘g molecule is a symmetric top, pogsessing a rotation
spectrum characterized by a quantized total angular momentum P equal
to'%%: J(J + 1) about an axis fixed in space, The component P,

(see fig., 1) of the angular momentum along the figure axis of the
.molecule is also quantized proportional to K (obviously J >K)

The expression for the pure rotational energy levels can be written
as follows:- DOWLING 1968) F(J, K) =BJ (J + 1) + (A = B) g2

Dy 3% (7 + 1)° -0 AT+ K

- Dk gt 4 750 (7 + 1)3 + cJ° (7 + 1)2 g% + EJ (3 + 1) g4

1+

.'.......B.l

3 Biny (3, ) oo

where A and B are the rotation constants, DI and D_. are first order

JK
constants to represent the effect of centrifugal stretching, and

¥, G, and H are constants of higher order;

Einv gives the energy splitting due to inversion., Because of the
inversion splitting the following appliessi-

For K = even, the wave functions which belong to the lower
energy level of the inversion split are symmetrical (+) with respect
to the inversion (the lower sign in the above expression B has to
be used), The wave functions which belong to the upper energy level
are antisymmetrical (-) with respect to inversion (the upper sign
mst be used),

For X odd, the symmetries are reversed,

For K= @ , and J = even, the symmetrical levels are missing.

For K= @ and J = odd, the anti-symmetrical levels are missing.

Cogtains formula for Einv was used for the inversion gplitting
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Einv = § .793455 EXP (-6.3699 x 1627 (7 +1)

2

+8.88986 x 1670 K° 4+ 8.6922 x 1871 32 (3 + 1)°

+ 1.7845 x 1¢'6 J (T +1) K2 + 5.3075 x 195'7 de:) cm‘1 - B.2
The line positions are given by the expression
(J,¥) = F(J', K') = F (J" , X") (vhere the | indicates

the upper and"” the lower level of the transition), using the selection

rules®J = +1 and AKX = § (see LEUPOLT 1973).

The 1) > and ZD 5 Inversion bands

The energy levels of the inversion tands were calculated from the

expression, (GILLE 1969)

P (J, k) = vo§33 B (T +1) +@A-B)K - D 3% +1)°
a
- Dy J@ 1) k2 -t k4 o™ B.3.
V- _ -1 _ -1
For 2 Vos = 9%2.43%6 .cm Voa = 968 .076 cm
: -1 -1
For 2 V2 Yos = 1597.494 cm V) o, = 1882.194 om
Because of the selection rules '
-+ R - Tbranch
A K =9 and AJ = i) Q - Tbranch
- P -  Tbranch
we obtain for the line position three branches namely,
R
Vo (J,K)s'a = FJ+1, K) ais " F (J, X) s,a - B.4
Q - _ -
Vo (3,K) = F{,x) F (J3,K) B.5
3,3 3,8 Sya
P
» (J,%) = F(J-1,K) - F(3,K) - B.6
° s,a "a,s S,a

Lgain the following lsvels are missing,
Symmetrical: K =9 for J = even

Anti-symmetrical: K= § forJ = odd (see LEUPOLT 1973).
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Line Intensities

The line intensities were given ty the following expression (GILLE 1969)

X(v) = 8= F Nkv2 | <Enol ™ Sy, §v)

where, N is the total numter of molecules per unit volume, F is the
fraction of molecules in the state (P&D

¢ is the speed of light,
lg@L}Lis the square of thg dipole matrix elements,

K is the btoltzman constant

T is the absolute temperature

§Y)  is the halr-vidtn

Sé@ﬁJis the shape factor | .

The kinetic line shape (Gross 1955) gives the best theoretical fit o the

observed transmission spectra. This is given by the expression

A 2(5»)
g(D) = 7?[( Ll'v LL-\JZ<S)))ZJ

The Van Vleck and Weisskoff shape is given by the expression (Van Vleck and

Weisskoff 1950)

s(p) = »* (5 v) + Yt (cf ) - B.9
(2 - Vo) + (sv)* C (vevr)2+(5v)*
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APPENDIX C

Experimental Calibration of Cavity

Using a known fixed path length cell (16.45 cm) the transmission of the
19.6 cm-1 ammonia monomer line, broadened by nitrogen, for different

ammonia pressures was measured, the broadening pressure teing kept

constant i.e.

PNH; + _PN2 = constant (22§  torr).
N 4
Transmission i s given by the expression T =EXP ( - K, PL) where

B

KB is the pressure broadened absorﬁfion coefficient, and L is the

path length,

From the results a grafh of LOGé T against P was plotted and knowing
L ’ KB was determined. This procedure was repeated for the

cavity i.e. K_ was kept constant by keeping the broadening pressure

B

constant. This time a graph of_LOG T against P was plotted from which
: e

knowing KB sy L was determined L = 129.7 cm.

From chapter 4, equations 15 can te written

C KP = __1_ - 1 es s e e 001
V3 T
where X w=_ C , and T is transmission.

Knowing the effective path length I at 19.6 — aﬁd the measured
transmission, the value of KP could be found and so the value of the
constant C, the "cavity constant# (this is constant at all frequencies).
Having determined the cavity constant values of KP could bte

determined at all frequencies using equatiop;C.l.Then by using the
expression T = zXP ( - XPL) a new transmission spectrum could be

ottained i.e. the initial cavity spectra were adjusted to fixed path

length (13% cm) ‘
C = 2.6328 x 18° 46



The nitrogen gas was dried by storing the gas for abouttwenty
minutes in a reservoir containing phosophorus _pentoxide

It was found that P2 O5 was not suitable for drying

NH3¢ ‘
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