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ABSTRACT

This paper deals with the problem of setting up an
infrared spectrometer and recorder under sultable conditions,
and in applying the instrument to the absorption spectrum of
CS2 in the vapor phase.

8ix absorption bands, corresponding to the fundamental:

-1

vibration V. at 1535 cm™, the difference band Vo -V s

at 877 om™', and the four combination bands V j+ V, at 2185
-1 _ - .

cm , v3+2V2 at 2332 cm l, V3+2 V., at 2838 cm l, and
Vl+ \J3+ 2 v o at 2959 cm-l have been examined.

Using this value for.\/3, a better agreement between

the force constant of the C S bond, calculated from V _, with

3

that calculated from \/1, is obtainead.

The work 1s to be continued.
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I INTRODUCTION

It has been our goal to set up the Perkin-
Elmer infrared spectrometer and assoclated 1nstrﬁments
under suitable conditions of temperature, humidity, and vi-
brational control; to callbrate them, and apply them to the
absorption spectrum of CS, in the vapor phase. '
' The infrared absorption spectrum of CS, has
been measured by several observers,(refs. 1,4,10), both in
the liquid and vapor phaseé. It 1s significant that these

1 at which

observers do not agree on the frequencies in cm.”
certain bands appear. Further, the observed values differ
occasionally from the theoretical values, We desire to
check those frequencies which fall in the regilon over which
our instrument is wallibrated. The third normal frequency

is the most important of these, since calculation of force
constants and calculations of the frequencies of combina-
tion bands depend on 1lt.

According to Herzberg, (ref. 8), 082 has
certain bands in 1ts absorption spectrum which, assuming
that the CS2 molecule is linear, should not be present. -
Since these bands appear most strongly in the 11quid, 1f at
all in the vapor phase, it is believed that the degree of
assoclatlon of the molecules is responsible for the presence

of these bands, Thelr presence represents a breakdown of



gelection rules. In addition, bands involving \koccur at
longer wavelengths in the liquid state.

It was hoped that the study of the absorption
gpectrum under independent varlation of pressure and temp-
erature would provide frultful data for further theoretical
study of the 032 molecule and of the intermolecular forces
involved in chemical association.

The general theory of molecular spectra and mol-
ecular structure is well presented in Herzberg's two vol-
umes, (refs. 7,8), and Wu, (ref. 15), presents a good
treatise on vibrational spectra with speclal reference to
the linear syﬁmetrical YX2 molecule, to which type we b?-
lieve C3, belongs.

The spectra of molecules appear in three more or
legs distinct regions of the spectrum; the ultra-violet or
visible, the near infrared, and the far infrared. ¥n order
to account for these three types of band spectra and thelr
fine structure, it is postulated that the internal energy
of a molecule 18 essentlally of three kinds,- namely -
electronic, vibrational, and rotational, each of which 1is
quantized: The order of magnitude of these energles is
about 5 ev., .1l ev., and .005 ev. respectively; hence the
frequencies assoclated with them are in the regépns 4@,@00
1 1 RS

cm'l, 800 cm™~, and 40 cm™".

The gtructure of the electronlc bands 1ndipa}%§37 ’

Sl )

that vibrational and rotational transitions wmay acéﬁhpény.'



vibrational transitions which occur within a given electronic
level, usually the ground level. It 1ls with these vlbra-
tion rotation bands that we shall be concerned.

On the basls of these three energy types, the ener;
gy levels of a molecule can therefore be represented as in
FIGURE I. The widely spaced levels are electronic and to .
each of these corresponds a set of vibrational levels.
Finally, each vibrational level has a gset of rotational lev-
els associated with 1t. The diagram is not to scale.

In general, transitions do not occur for which
- there 1s no change in the electric dipole moment. However,
weak lines do occur where the quadropole moment or magnetic
dlpole moment changse.

With this introduction then we will now examine
some of the most useful parts of the theory of vibrational

gapectra, some of which was dlscussed 1n the seminars held

by the group working on molecular structure.

o pq = e
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II THEORY

An egsentlal step in the study of the spectra of
a polyatomic molecule is the mechanical problem of vibra-
tlonal modes. |

A molecule consisting of n atoms has, in general,
-3n—6 degreés of freedom, but since there is one degree of
free internal rotation in linear molecules, they have 3n-5 -
vibrational degrees of freedom. Representing this number
by s then, we may choose coordinates 1seeeelys giving the
digplacements of the atomsg from their positions of equili-
brium. The potential energy V can now be expanded in a

Taylor series of the form -

V=V, + ; ;’—:a) FY] Z 2g: ’8)8 b +§7¢m . (1)

‘where the zero subscripts refer to values taken at the eqdi-
1librium positiéns.' Choosing Vg, = 0, and seeing that €%§)==°
. [-]
we have therefore -

V=125 4,88 +7Z, 459 ge* 2

‘.’ (./k

For small vibrations, terms beyond the quadratic may be

neglected and we have -

. 2V |
V=5 b g8/ wrere b= (az‘-a%f) 2
¢y



Similarly the klnetic energy may be written -
= - . Qe @ .
[= T2 289 (4)

where the a's are functions of the masses of the atoms.

The corresponding Lagrangian equations of motion are =

ol (3L ) | (5)
ot (244 54;‘ = °

or for these T and V

L(—— u— - .2_1{= (o} (6
T ‘Dg',.) 244 ' - : )

where k = 1,2,...8

Evéluation of these equations yields s equations. of the
" form e

Z (aik G 6/4\' 94') -0 ' (7)
/ )

which have general solutions of the form*

$k=/4kM(J31_f'+ﬂ() . o - (8)

an equation.of wave motion with amplitude Ay, phase
constant &, and frequency given by &« 7 *Y*= A - (9)
Substitution of (8) in (7) ylelds s linear homogeneous

gimultaneéous equations
S (b — s A)Ae =0 (10)
) .

which have non-trivial solutions for the Ak i1f the secular
determinant of the sth degree 1s zero;

i.e. (11)

Ibej — Q¢ A,="" o



This equation yields s values for A in terms of the a's
and k's.
As shown by Whittaker,(ref. 14), it 1s always possible to
make a linear transformation of coordinates; viz.-
. . '

g = El"kA Qa | (12)
~such that all cross-product terms are eliminated 1in the
expressions for the potential and kinetlc energy (3) and (4).

These may now be written -
Vi 2
V = £ S x po.; (13)
4 .
and ' .2 .
T = -:!L s O (14)
-~
This procedure 1is called normal coordinate transformation,
and ylelds the following Lagrangian'equation of motion -
T
i(—b,) + }ﬁ_l-/ = O . (15)
oL\ 2 8, PP :
Since T and V contain no cross terms, and the a's are unity,

equation (7) becomes -
é.‘ +A Pa=0© (16)
with solutions p‘ —_ EA g /J2.4 'f.'f'/:;) (17)

The 7\~ here are the same as before and further, the Br‘s

are related to the Ay's through equation (12), so that

Ar= 2 <axa E. (18)

"=/

Hence the c¢'s can be determined to enable us to transform

from the Ay to the normal coordinates Qr-



. Substitution of (17) in (12) yields

- ol
fo= T, Bn i (SR T A (19)

for ¥k = 1,2,...8
For certain vibrations all the Br except one, say Br' are
zero; then

8* (A') =’¢l¢4' 54: M (J{;' f +ﬂ4;}

with k¥ = 1,...8 -

(20)

which indicates that the nucleus undergoes slmple harmonlc

motion of frequency ¥.related to A,/, as shown before- by

4777, = A with all vibrations in the same phase.
*Such a vibratlion, where the nuclei vibrate with the

same frequency and are in phase, 18 called a normal vibration

of the molecule. 1In general there are s normal modes of vi-

bration given by V = £ where the A's are the s solu-

27
tlons of the secular determinant. Knowing the a4 3 and bij
we can evaluate the normal vibratiorn frequencies of the mole-
cule. If two normal molecular vibrations have the same fre-
quency, and hence energy, they are degenerate. Such degen-
eracy 1g usually due to molecular symmetry.

In general, any comvlex motion of the nuclei can be
treated as equlvalent to the superposition of the g, separate,
relatively simple, normal vibrations of the molecule. This
18 called a Lissajous motlon.

We wish to connect vibrational energy with these .normal

vibrations.. The wave equation of the motlon of the nuclel

is - — (21)
2M‘V'}”+(E -V)¥=o0 |

7



where ¥ is the nuclear wave function and my is the mass of
the ith nucleus. In terms of the displacement coordinates

9y (21) becomes -

| IR R Yt of - -0 (22)
L2 Sa tEVP ’
Transforming to normal coordinates we have -
1 A = R _
s 2¥ L (E-+5 A @d)F=0 (23)
2 A= z¢4 2=/

Expressing¥= % B/7% & ++ 7?%(Pafue can separate equation

(23) into s independent equations of the form

M 23 — 4
B 2% (g5~ AV = (28

each being associated with one of the normal coordinates.
These equations are of the same form as those of the haré

monlic oscillator for which the elgenvalues are known to be
4 2
EJ.=(4:;.+2)hcv,- (25)

where Ej 1s the vibrational energy
vj 1s the vibrational quantum number
and \6 1s the fregquency in wave numbers of the Jjth normal

vibration.

Agsuming no intefaction, the energlies are additive; and

hence

1 s =

E =S € =52 (pr3lbed . (26

7 =/
where the selection rule 1is Z3‘§“=53/, since the motions
are assumed harmonilc,

It is instructive to see just how selection rules are

calculated. It is known from quantum mechanics that the



probabllity of a transition between two states m and n, whose
wave functlons areﬁkm and‘*h, which is accompanied by ab-
gorption. or emigsion of dipole radiation, is determined by

the matrix element Pmn’ where

P_mn=_/77n*/‘f‘y;/'é' (27)
where A 18 the dipoie moment .,
In general all Pmn for ﬁhich the integral vanlishes, repre-
gent forbidden transitions.
A simple harmonic oscillator has a potential of the
form Y = o X* | where x 1s the displacement and & is ‘a

positive constant. The Schroedinger equation 1s then -

RI¥ 7.'_'3_& (E _.(;(1)‘}":0 (28)
2 x*? y 3 .

for which the solutlons are the elgenfunctions ¥, contain-

ing the Hermite Polynomials and are given by
VY o= 7 Ha(S)

T _€? (29)

. P
| 2 = 0.
and the W are orthonormal; 1.e. /,,, P ol v *(30)

For oscillations along the x axis
X ' 1
an:/ﬁeﬂ x 7> A x | (31)

substitution ylelds

1

g

- 2 1 _fl
Pmn=r~)"" 7 Oy Cgkz’e%ﬂ,,e o’ x

since

/z, ‘% x<



therefore . . ' $* _ g
Pan = AbuétJ/;%“l%re S €? Da e ol ¥
7’ A A
Integrate once by parts = Amz‘/t‘ ’/Eﬂa eV o e s

* 2 1 -<* 4

but the Y¥'s are orthogonal by (30) such that
/cftﬂ,g e-g‘ﬂf ¥ s -0 '

unless k = j..

Therefore in the above equation either n+it=mM

m+i =N
or

therefore the selection rule is Awv = 2| (32)

We note here that anharmonicity requifés the inclusion
of terms of higher degree in the potential and kinetlc energy
expressions. Inclusion of the cubic term gives A"’tzl * 4.
and inclusion of the quartic term gives . Av=13 s
as additional selection rﬁle possiblilities. This is accom-
plighed through an ai%eration in the elgenfunctions.
| Usually we desire to know what the motions are which
‘are assoclated with the normal frequencles. We proceed by
writing out the expresslons for the kinetic and potential
energies in terms of the displacements of the nuclel from
their-éqﬁilibrium positions. Solving the gecular determin-
ant and carrylng out the subsequent calculations we deter-
mine the coefficientsckr by which the displacement coordi-
nates qg transform to the normal coordinates Q,. By per-

forming the inverse transformation we find that the coeffi-

10



clents ¢' of Q. = g‘ﬁm %4 ' ' (33)
can be evaluated, thus determining the forms of the dis-
placements.

Fof the linear asymmetrical ¥X2 molecule there are act-
ually four normal vibrations and the deterﬁinant will be of
the fourth order, although two of the solutlons are identi-
cal due to degeneracy. Direct solutions of normal coordin-
ate problems are difficult to obtain due to the size of the
determinants involved. Fortunately the application of group
theory makes 1t possible to use the symmetry properties of
molecules, to effect the separation of both T and V into
terms involving no cross-terms between coordinates involved‘
~in one part with those in any other. These coordinates are
called symmetry coordinates. The éoordinates 1nvo1ved in
each part have the same symmetry characteristics, which are
different from those in other parts. Consequently the secu-
lar edquation is immediately factored into a number of equa-
tions of lower degree, each involving only one set of sepa-
rated cbordinates with the same symmetry.  Fortunately, for
linear symmetric molecules such as CS,, each normal vibra-
tion bélongs to a different class. In this case there are
only three constants to be evaluated and there are three
normal frequencles from which to dolit.

Herzberg, (ref. 8, pages 153-154), performs this cal-~

culation and arrives at 47 '%° = @u+ an
P x ' (34)
47’)}‘2._;__ 2 (mty,v-zmx) A~
Ax Ay L2 (35)
47V = DRyt 2 f4,-4a,,) (36)

Py TPy

11



In equations (34), (35), and (36), a;q 18 the force constant
of the X-Y bond; a1p 1s the interaction constant of the two
bonds; and 8373 is the force constant for the binding of the
molecule. We note that the degenerate vibration 'V2 devpends
only on a33, whereas the non-degenerate vibrations ‘Vl and \/3
depend on a;4 and aqn. .

The.normal vibratlons of the linear YX2 molecule are
ghown in FIGURE II.

'V]_corresponds to a motion in Which the 5 atoms oscillate
gsymmetrically with respect to the C atom. BSince the equili-
brium and dynamié configurations are both symmetric the dipole
moment 1is always zero and hence Vl is infrared inactive.

V2 consists of a motion of the C atom against the S5 atoms
in a line perpendicular to the axls of symmetry of the mole-
cule. The motion 1s doubly degenerate since there are two
directions,‘perpendicular to this axls, along which the forces
are 1dentical. 'V2 is infrared active with a fine gtructure
of uniformly spaced lines and with a strong zero (Q) branch.

VB is an osclllation of the C atom with respect to the
S atoms, along the symmetry axis. This vibratlion vossesses
a changing electric moment and is strongly infrared active.
The fine structure assoclated with this band consists of P
and R branches but no @ branch. In Vl the carbon atom does '
not move, whereas in V2 and.V3 the separation of the sulphur
atoms is fixed,

As was mentioned before, V2 ig -degenerate, and hence

we can take a linear combination of vga and \éb and obtain

12
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another motion of the same frequency, but where not all
atoms move in phase or in straight lines. For instance,
V23-+ \%b where Lgb is 90°out of phase causes each nucleus
to rotate in a circle about the axis. This is called nuta-
tion and results in a constant angular momentum about the
axia, We specify this angular momentum by the gquantum num-
ber.l.

As a result of this new concept we redefine normal wi-
brations to be those for which all atoms have the same fre-
quency_and the Cartesian coordinate componeﬁts of their dis-
placements perform simple harmonic motion.

It is important to note that both classical electro-
dynamics and the quanpum theory require that the frequencles
of the emitted or absorbed radiation be the same as the fre-
gquency of the mechanical vibrations.

There are several approximate mefhods for deterumining
the normal frequencies, including the methoq of central
forces, the method of extreme fields; and the valence force
method. The last mentioned method works well.for iinear YX2
moleéules. The basic 1dea of the vélence force treatment is
that displacements of atoms along the direction of thelr
bond brings restoring forces much greater than those due to

changes 1in angles between valence bonds. On pages 19 and 20

- Wu arrives at the expressions J}, = i%fx (37)
2 ped
A =24s G~ Z) (38)
- , (= 2 o

13



“which may be shown.to be 1ldentical with our previous expres-

_s;ons (é4), (35), and (36), where a|;= kq; 8, 0; and

833

e

__12. = k¢ . Herzberg glves for CS2 |

ky =8.1 x 105 dynes / cm from 'Yﬁ

k) = 6.9 x 10° dynes / cm from VB
kg = .234 x 165 dynes / cm from ),
the dquality of the agreement between k, from ‘91 and DB in-
dicates the quality of the valence force fleld approximatlon.
The previously accepted value of 'V3 was 1523 cm™t. The

value which we measured was 1535 cm_l. Récalculating k, from
Vs . '
kl = 7.1 X 105 dynes / cm. ‘This indicates an even closer ap-

as we measured i1t, by edquation (39), one obtaineg the value

proximation than was previously found. |
On the basis of thls valence forcs fielq_Mecke deviged
a notation for classifying normal vibrations. He employs £he
symbol V for valence (stretching) vibrations, and S'for de-
formation (bending) vibrations. For a linear molecule which
has (3n-5) normal vibrationé? there are (n-1) valence vibra-
tions, and (2n-4) deformation vibrations. Further, when the
dipole moment changes, it may change in airections parallel
or perpendicular to the symmetry axls, ,hence an additional
classification is possible. Parallel changes are labelled 7T,
perpendicular changes are labelled ¢, (for the German "par-
allel" and "senkrecht" respectively).

In this notation, for a linear YX2 molecule one sees that

14



Viis a V(o vibration
V,is a § @/yibration
Viis a V(W vibration.
In addition, when a molecule possesses a centre of sym-
metry, vibrations which do not alter any symmetry property
of thé molecule with respect to lnversion at the centre of
symmetry, are labelled 9, (for the German gerade - even).
Vibrations which afe anti-symmetric are labelled & , (for
the German ungerade).
On this basis we can formulate a rule of mutual exclu-
sion for molecules with a centre of symwetry. Since we get
a changing dipole moment only for transitlons ge»u - - l.e.
between states of opposlite symmetry and since for tﬁe Raman
effect transitlons occur only between states of the same sym-
metry ge»g or uedu. We say therefore that transitions which
are allowed 1n the infrared are-forbidden in the Raman spec-
trum and vice-versa. |
In the linear symmetric YX2 molecule the divole moment
is zero for \&, at all times; hence it is not infrared active

but is Raman active. ¥V, and V3 involve changing dipole mo-

2
ments however, and henpe appear in the infrared though'not
in the Raman spectrum.

In addition to ﬁhe normal vibrations, overtone comblna-
tion and difference bands may occur, where the selection rules

will depend on the molecular symmetry. Recalling equation

(26) ' | (26)
Ev= ; ('U; +:_f)/;c]/,

15



we.find that these may be represented avproximately by
V=V, + laVa + N3V, (40)
where the n's may have integral values - or —so long as
is a positive number. If only one n 1s not zero then we have
an overtone band; if all the n's are positive we have a com-
bination band; and if some n ls negative we have a difference
band. The fourth quantum number 1, ﬁhich indicates the ang-
ular momentum associated with tﬁe degenerate V2 must be given
to completely speclify the state. The four numbers ny, Ny,
1, and n3 completely specify the state,.written in that order-
fér e:lcample -1, 2, 2, O means n, = 1 Np = 2; 1 ==2; nz == 0.
The possible values of 1 are restricted so that 1 can only
have values ﬁe, np,-2, ny-4, ete.

If a molectile has a centre of symmetry then totally sym-
metric vibrations have no overtones at all., For 032 this
means neither Vl nor any overtone of Vl will abpear in the
infrared. '

Dennison (ref. 5) has shown that
1. trénsitions involving perpendicular change in dipole mo-

ment (\E)'may occur if and only if (a) n, is odd,’
(v) n. is even,
(¢) a1= %1,
where n, may have any value.
2. transitlons involving a parallel change in.dipole moment
(\%) may occur if and only if (a) n, 1s even,
(b) ny
(e) 41 = 0,

18 odd,

where n, may have any value.

16



Thesge conclusioné depend on the symmetry properties of
the kinetic and potential functions and not on the approxi-
mations employed. As before, writingV=aAvw+mVi+nyV;for the
rough location of an overtone band where the n's are positive
or negative integers, so long as'v 1s positive, then only

such bands occur for which n2+n3 is 0odd. From 1. and 2.
above we see that 1f n, 1s even, the change in electric mo-
ment 18 parallel, and if n, is o0dd, the change is perpendic-
ular,

For three colinear symmetrical atoms the sum of the fre-
quencies to two observed bands (overtones, combination bands,
or fundamentals) will not be active. For 1f'V‘ and V" are
's and n,'s will both be

2 3
odd, and hence their sum cannot be odd, as required for rad-

two active frequencies, the new n

lation.
One way of recognizing which frequencles are to be asso-
clated with observed vibrational bands is by thelr observed

rotationgl structure. For linear molecules the rotational

energy 1s given by E = _:j_;: T(T+1) (41)
N

where J 1s the rotational duantum number and I 1ls the common
value of the two non-zero components of -the moment of inertisa.

The vibrational energy for a given normal vibration may be
written o . (42)
Ev.—_-(!/'*?)ﬁcv . :

where 4 is the degeneracy of the vibration. 4 =1 for a 1lin-
ear oscillator, but for'V2 of CS,, d=2. As an approximation,

the vibrational and rotational energies are additive, hence

17



we write E = é/.'f-%)ﬁcv +_-,i_" T(T-H) (43)
A . 2T .

For the simple case of dv=*l as a selection rule, we treat
the two types of vibration, parallel and perpendicular, sep-
arately. Parallel bands may be shown to have a selectlon
ruieAJé ¥1l. FordJ=-1 we get the negative or P branch of rﬁ-
tational fine structure, and forddJ=*1 we get the positive or
R branch. The Q branch 1s misgsing.

Perpendicular bands may.be shown to have transitions in-
volving AJ= 0 in addition toAJ=X1, AJ =0 1is allowed when-
ever nutation occurs; therefore we obtain, in addition to the
P and R branches, a strong Q branch, lt is the presence of
this Q branch at the centre of a perpendicular vibration'band
which distingulshes it from parallel bands, exhibited by fun-
damental frequencies of a linear polyatomic molecule,

Since we have ldentified Vé as a perpendicular band, and
V% as a parallel band, the two will be distinguishable from
their structural shapes. The separation of the rotational
fine atructure lines should be ;%%c , and is too fine for
our instrument to resolve. As a matter of fact, nuclear spin
effects this value. Symmetrical linear molecules exhibit al-
ternating intensities in lines. In this case the spins of the
two X nuclel determine the relative 1nten§ities. Since the
gpin of the gulphur atoms is zero, one series will be ‘gabsent
jg;c. We are unable to detect 1it.
Three more effects are of interest in determiniﬁg the

and the separation becomes

positions of vibrational bands. The first of these is acci-

18



dental resonance, noticed by Ferml in 1931; the second is

an lsotope effect; and the third is molecular assoclatlon.
Ferml-resonance occurs when two vibrational levels Eelonging
to different vibrations (or combinations) have nearly equal
energy. Such resonance occurs only for levels of the same
gymmetry. Ferml-resonance of V. with 2V¥; 1s iarge and is
accomplished through cublc combinations of the early terms
in tﬁe expression for the potentlial,equation (3), whereas
resonance between )cand 3V; or higher overtones ls accom-
plished through quartic combinations.

When two levels are accldentally degenerate they repel
each other, giving an increased sgparation between them. The
two states share their wave;functions and two new functions
- are formed giving bands at displaced frequencies. Both bands
now behave like fundamentals and thelr intensities are more
nearly equal. In the case of CSQ, Vl and QLE are resonant
but the resonance is loose and has little effect.

The isotope effect 1s the change in normal (and other)
vibrations due to isotopic changes. Replacement of an atom
or atoms lh a molecule by isotopes leaves the potential field
'unchanged, as 18 expected, but the change in mass alters the
frequencies of the normal vibrations and may lower the sym-
metry in the molecule, In the case of 082 replacement of
only one sulphur atom destroys the symmetry, and ‘1 may ap-
pear in the iInfrared.. Wu (ref. 15) treats the problem for

the linear symmetrical YX2,molecu1e on pages 41 and 42.
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In general for 082 the percentage of molecules of other
l1sotopes than 012322 i1s small and hence the bands due to these
lsotopes are weak. The side-band to VB ig attributed to an
lsotopic shift.

The most notlceable effect of molecular assoclatlon 1is
the decrease in frequency of vibrations observed in the liquid
state of certain molecules from the values 1n the un-assocl-
ated vapour state. In V% of CS, this amounts to about 25 om
The work is to be continued examinihg the effect of pressure

and temperature on this shift.

- am em =
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'III° EXPERIMENTAL' WORK

The experimental work may.be divided 1nto

five parts:

(a)

(B)

(c)

(D)
(E)

(a)

Construction of a suitable room and control of humidity,
temperature, and vibration therein.

Congtruction of auxlliary equipment to contrbi condl-
tlons of temperature and pressqfe of sur samples in the
one-meﬁer gas cell,

Experimental arrangement of the{ihstruﬁents and their
control, |
Calibration of the spectrometer.

Absorptlion spectrum of CSQ. |
(This work 1s to be carrled on throughout: the summer by
myself and next term by others. Now that the apparatus

is properly adjusted and calibrated, results will be

forthcoming more rapidly).

For optimum performance of thls fine apparatus it is ne-
cessary that the instruments be located where there 1is

low relative humidity - to minimize hygroscoplc action

.which damages NaCl and KBr parts in humid locations.

constant temperature - to prevent excesslve drift in the
instrument.
steady position - to minimize vibrations which superpose

"noise" on the readings.
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In order to satisfy these conditions, a room measuring

g' x 8' x 6' was constructed, thermally lagged, and sequipped

with alr-lock doors. The problem of steady pos;tion was ell-

minated by locatling the rdom on the basement floor in Room
109.

The question of humidity control required considerable
experimenﬁal work; for the humidity in University laborator-
les approsimates 75% for five summer months and 50% for five
months in winter., Early attempts to.dry alr with trays of

CaCly, and circulating fans showed a negligible effect in an

-ordinarily closed but unsealed room.  The manufacturers of

the spectrometer suggested that most satisfactory installa-
tions were set up in a sealedlroom with humidity control,

It was decided to follow this advice; but still no commercial
firm in Vancouver had had experiencé on such units. The Can-
adlan General Electric finally agreéd to undertake the ins-
tallation, and the sealed room was constructed to apecifica-
tions by the Unlversity carpenters. ‘The final room has now
been overating satlsfactorily for five months,'after consid-
erablé experimentation and alterations.

The experimental arrangement of our ailr-conditloning
unit is as follows: (see photo I) - the refrigeration coil
and fan enclosed in a cabinet measuring 2' x 2' x 2' was
mounted in the south east corner of Room 109 with the con-
densing unit placed outside the room in order to reduce vi-

brations. The coumpressor motor is a G.E. 3H.P. 110V 60cycle

‘unlt, model 6M365D, and the cooling agent is Freon 12 (di-
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chlorodifluoromethane). This apparatus is not norﬁally usgsed
as a dehumidifier. In order to make it such it was necessary
to add and modify several parts.

Since a constant temperature 1s required in the room, an
extension measuring approximately 1' x 1' x 2'6" in the form
of an air tunnel, was affixed to the coll mounting, through
which the air passes after being cooled by the coil. In the
end section of this tunnel are located fhree 600 watt cone-
heaters.to reheat the air before it returns to the room. In
the centre zone, three fine mesh wire screens are located to
prevent rédiant heat from reaching the co;l. This was found
necessary as the final section of the coil rose 6°C under
thlis radliation., After the screens were put in ﬁhé rise was
less than é°C.- |

Since the rate at which air passes over the coil affects
the time taken to reach the ultimate humidity obtainable, a
throttle was constructed to control the flow of alr. Finally,
the drainage system was changed in order to facilitate the re-
moval of water from the room, once it-is collected by the coil.
- A "drip pan" with steep, carefully waxed sides was substituted
for the shallow one supvolied with the cooling unit.

Control of humidity and temperature by this alr-condit-
loning unit i1g effected by the following systém of controls:

a wall thermostat 1s used to control the cone-heaters and
hgnce the room temperature, in the customary manner. The hu-
midity controls are standard with thls coil, and operate as

follows:
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1. the throttle valve, a variable control at the coil, which
controls the rate of flow of the fluid input to the coil's
evaporator, . |

2. the back-vressure control, on the condenser unit, which
stovrs the pump when the return pressure of the refriger-
ant 1s tos low,

3. the solenoid valve, on the fluid input line, a positive-
on-off fluid switch, operated by the humidistat, which
corresponds in the control of humidity to a thermostat.

When the humidistat measures a room humidity lower than it 1s

set for, it actuates the solenoid valve, stopping the flow of

liguid refrigerant to the colls. Consequently, the return.
pressure drops rapidly and the back-pressure control stopsb

"the condenser pump.

Either the motor switch or the back-presgsure control

can stop the pump. The back-pressure can 56 actuated by the

humidistat when the humidity>of the room is below setting,

or by fhe temperature, and consegquently the pressure, of the

returning refrigerant being too low. If the latter case oc-

curs often, a greater mass rate of flow of alr may be passed '
over the coll to give better-performancé.
Ag a safety feature of the operation, we have two relays

' which are actuated when the pump motor is off, One of these

relays turns off the cone-heaters and prevents their over-

heating the room or the cooling céils. The other relay stops
the fan and prevents the warm, dry air from passing over the

coll, picking up moisture and redistributing it about the room,
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The theory of dehﬁmidifying colls is well treated by
Brown and Marco (ref. 3); énd the method of G. L. Tuve (ref.
13), which is briefly outlined below, provides a simple, di-
rect method of calculating the final humidity obtained from.
a refrigeration coil gystem. This it does by means of a non-
logarithmic psychrometric'chaft such ag G. E. puts out, This
method i1s possible since Tuve has shown, by mathematlcal an-
alysis and by tests,.that the behaviour of a wet coil ig sub-
gtantially the same as that of the same coll when dry, but
with ite surface at the'dew-point temperature of the entering
air. | |

FIGURE III represents a portion of a non-logarithmlc
psychrometric chart. The point "a" represents a set of poss-
ible gtarting point conditions, namely- a constant room dry-
bulb temperature'of 70°F and initial R.H. of 60%. Thé line
" "ab" represents a possible line of cooling and dehumidifying
on pagsage of air over the coil. Its slope depends upon the
ratio of latent heat rémoved to total heat removed in the pro-
cess., The 1line "be" represents subsequent reheating to 70°F,
with a final drop in humidity at this temperature. Over a
‘period of several such cycles the room reaches a mlnimum hu-
midity, depending solely upon the dry-bulb temperature of the
room, and the dew-point temperature malntained by the coil.
At the present throttle setting these temperatures are 7TO°F
and 40°F respectively (measured), and hence the minimum ob-
talnable humidity is 35.5%. ‘This calculation 1s confirmed

by values given in the Handbook of Physicg and Chemisgtry.

S0t oo v e e ek
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This value is well below the humidity required; under
normal conditlons the air-conditioning unit easily maintalns
a R.H., of 40%*1%, and a temperature of 70°F* 1°F, even when

gseveral persons are in the room.

(B) The auxiliary equipment consists of two tempefature con-
trols for the gas absorption cell., One of these is a thyra-
tron type temperature dontrpl, and the other is a self-bal-
ancing bridge type tgmperature control.

In general, observers of the absorption of 682 in the.
vapour phase have made little effort to control the tempera-
ture and pressure 6f their samples during analysis. For ex-
ample, Plyler and Humphreys (ref. 10) mérely placed a small
quantity of 1iduid 052 in the cell and allowed it to stand
for two hours to reach conditions of equilibrium. Sihce they
were interested primérily in the appearance or fallure to
appear of ceftain bands, it was necessary for them té know
the exact temperature and pressure of the gaseous CSQ. On
the other hand; the variation in intensity of absorption of
the bands 1s one-of the things which we hope to observe. Asg
a result, we have built these temperature controls. The
self-balancing wheaﬁstone briage type ﬁemperature control 1is
shown in photo II and FIGURE IV. |

The general principle®of the self-balancing bridge type
thermo-regulator (refs. 11 and 12) is as follows: the heating
"coll itself is made to be one arm of ihe'bridge circuit, with

the bridge;current in this arm serving as the heating current.
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" Thlg branch is made of nickel with a high temperaﬁure céef—
ficlent of resisiance, and the other branqhes are made of
gubstances with low coefficlents. The temperature is regu-
lated by keepling the reslstance of the heating element.con-
stant, and the control acts on a change in resistance of .5%.
This type of regulator has three important advantages:

1, its operation is comparatively simple,

2. there is no temperature.lag between regulator and heating
elements.

3. 1t takes up no useful sﬁace. This is important in our
work since the clearances between the gas absorption cell
and spectrometer are small and the coil cannot obviously
be placed inside the cell, where it would be in the opti-
cal path, _ | |

The University glass-blower, Wﬁ. Pye, did an excellent

.job of the glass work', using Strong's diagram as a moder.

The essentlal features of thls device are the following:

(a) the two bulbs aré of eqﬁal volume. |

(b) they contain identical heating coils, 60 mil. nichrome
wire of resistance 15 ohms.

{c) the tube 1s congtricted at C in order to prevent rapld
oscillation of the me?cury, whicﬂ causes unnecessary
"chatter" in the relay operation.

The electric comnections in FIGURE IV are obvious and
the operational procedure is simpie. The bulbs are alr-
filled at about 1 AP, and the fixed reslstance R (advahce)

1s adjusted through T, by addition or removal of mercury
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so that the surface of the left hand column of mercury is
Just at the contact P.

We now have equiiibrium conditions. If the temperature
.of the feeler resistance becomes too high or too low, the
heatiné in the two bulbsg is unequal, and thé resulting change
in pregsure in the bulbs bpeﬂs or closes the mercury contact.
This in turn operates a relay actuating the heating and
bridge current. In effect, the right hand bulb is a measure
of voltage of the heating element, and since the ratio of the
fixed reslstance R to- that of the left hand bulb is constant,
_this bulb is a measure 6f the heating current. Egsentially
we are balancing the two,

In order that the temperature of the cell may be con-
trolled by thé means mentioned, we have wrapped our one meter
cell with a heating coil. It has been insulated with a layer
of asbestos followed by a layer of felf. The resistance ther-
mometer is located as shown in FIGURE V.

The system devised to supply CS, to the cell at a def-
inite pressure, and the method of measuring the pfessure is
shown in FIGURE V and photo III. The pressure is to be con-
trolled by means of an open connection to the filling-systém
which 1e kept at a fixed temperature (lower than that of the
cell) in the bath, the temperature chosen so that the vapour
pregsure at that temperature 1s the desired pressure in the
cell.'

Ag this part of ﬁhe apparatus has not been needed for
the work performed to this date, 1ts usefulness cannot yet
| be agsessed.
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(C) Experimentai‘arrangement of the apparatus: our equlp-
ment consisté of.the following units -
1. Perkin-Elmer (P-E) model B infrared spectrometer.
2; one-meter gas absorption cell, 10 cm. gas absorption:
"cell, and liquid cells of assorted thlcknesses,
. P-E model 53 (G.M.) 75 cycle D.C. breaker amplifier.
; Brown electronic recorder. |

5. P-E model 54 power supply.

3
4
5
. 6. Supreme electric powerstat.
T. Control pénel of our own design.
8; Sjnchronous wave-drive apparatus of our own making.,
9. Weston model 310 wattmeter to measure power used by
the globar.
It is customary to use the P-E cablnet, -control panel, and
. P-E s&nchronousfwave-drive units with thls spectrometer. A
saving of approximately $800 was effected by elimination of
these parts. fRedistribution of the components eliminated
the necessity of a special cabinet. A modified control panel
of our own making was found satisfactory, and a constant gpegq_
A.C. motor combined with available gears gives us four speeds
for the Wave;drive sweeps of the spectrum. These speeds are-
1' o2"; 2' o4"; 5' 12"; 10' 24" per revolution of the wave
length drive shaft, which represents 1000 divisions on the
wave-drive micrometer,
FIGURE VI gives a block diagram of the apparatus, and
FIGURE VII shows a plan vliew of the room and equipment. The

line voltage of approximately 110 V is supplied through the
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power switch on the .control panel, to thé powerstat and to
the recorder ﬁechanisms. The powefstat supplies a constant
110 V input to the amplifier's power supply and a varlable
voltage for the globar, our "black-body" typé source of rad-
iation. The wattmeter is used fo control the power used by
the globar in order that its radiation curve may be duplic-
ated. The power supply sends a high-voltage D.C, input to
the amplifiler, and in addition supplies 80 volts A.C. for
the circult breaker. The amplifier converts minute D.C, in-
put voltages from "the thermécouple to A.C, by means of a mo-
tor-driven circuit breaker, amplifies this small A.C, volt-
age, rectifies it by means of a second synchronous circult
breaker,‘and pagses it through a filter to the recorder pen
mechanlsn., |

FIGURE VIII is the circuit dlagram of the control panel
and affected parts of the instruments; the operation of the
controls is clear- before any part of the apparatus can be
operated the power switch P must be turned "on". It is eas;
1ly seen that, even if the master switch M is "off", closing
of the switeh marked "Pen" joins terminals A and ‘B in the
power ﬁerminal block of the recorder, which actuates the pen.
In a similar manner, closing of switches Ch (ghért), or W,D,
(wave-drive motor), operates these parts respectively..

'In normal operation of the instrument, during the pro- .
cess of scanning the spectrum, the chart and pen are required
oniy when the wave-drive motor is "on". Consequently, a

master switch M l1s provided to operate these three parts sim-
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ultaneously. When M is closed, the relay is actuated, clos-
ing switch R, provided that M.D, 1s closed, as it will nor-
mally be. As a result, the three circuits are now completed.

In the normal course of operations R ls closed{ M.L is.
clogsed, M,D, is closed, and A.S. 1s-open. The last three
are safety switches. The purpose of the Micro-Littrow gwitch
M.L, is to méke certain that under no circumstances will the
motor fofce the Littrow‘mirror past its maximum safe posit-
ion. The drive-micro switch 1s provided to stop the spectrum
sweep after each completed rotation of the wave-length drive
arm, which corresponds to 1000 divisions. It opens the relay
switch R, equivalent to opehing the master swltch, and there-
by stops the motor, pen, and chart simultaneously. This
makes 1t possible to adjust the slit width, galn, etc., as
may be expedlent in resions of different wave-length. Clos-
‘Ing of the auto-stop switch A.S. for sufficlent time to al;“
low the micro-drive switch_to clear, recompléteé the'circuit,
and the next cycle of scanning is under way.

Ingtruction booklets provided with the apparatus show
clearly how the spectrometer should~be assembled, special
care being given to the NaCl and XKBr parts involved. Photo
IV ghows parts of the apparatus, the svectrometer, cell, am-
plifier, and recorder, before flnal shields and insulation
were in place. Photo III shows the present arrangement wlth
- shlelding and insulation. The only vrecaution necessary to
insure proper operation 1s to keep the power supply well away

from the amplifier and recorder., This was achieved by sltu-
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ating the power supply on the floor.

Degcription. and operaiion of the gpectrometer and asso-~
ciated apparatus: fIGURES VII and IX and photo III show the
arraﬁgement of the equipment, which may be divided function-
ally into several sections-

1. a source of continuous infrared radiation.
2,. a condensing unit which focuses this heterogenéous
"white" light on the entrance slit.
3. sémple cells. which contain the material of which the
absorption is to be examined, placed in the path of
this "white" 1light.
4, . the monachromator which dlsperses the white light
from the entrance slit and selects a sma}} range
of wave;lengths to fall on the exit siit. |
5,_ the recelver which takes thig radiation and focuses
it on the thermocouple.
6. the direct current amplifier which amplifies the
| ‘minute D.C. thermocouple voltages to currents
which are large enough to be recorded.
7. the Brown electronik recorder which measures the
| énergy falling on the thermocouple and records it.
The source of infrared radiation is a 2" by 3/8" cylindricai
rod of“carborundum, which approxiﬁates black-body fadiation,
except at léng wave-lengths. It operates at about 1000°C,
on.2OO watfs. In cases where greater illumination i1s needed
we have operated up to é80'watts; which 1s approiimately,the

maximum power output of our sgla transformer.
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In order to prevent chromatic aberration, which would
bé present 1f lenses were'used, front surface aluminized
. mirrors are used throughout. This makes it possible to fo-
cus the apparatus with visible light and have it also in
focus for the infrared region. MI and MVI arehplane mir-
rors, known as dlagonal flats, which are fixed 1h position.
Thelr purpose 1s to change the directlion of the iight in or-
der to reduce the bulk of the instrument. MII is a gpheri-
cal mirror. MIII is an off-axls parabola (18°) of focal
length 27 cm and aperture £ 4,5, The resolving power of
the instrument depends greatly on fhe accuracy of the sur-
face'of this mirror and its correct adjustment. MIV is a
plane Littrow mirror operated by the wave-drive mechanism,
MV 1s é plane mirror mounted on the prism table in such a
way as to be rotated for temperature compensatlion. ‘MVII is
a spherical mirror.

The entrance slit S1 is 12 mm high, and is curved to
compehsate for curvature in the slit image caused by the
prism. The exit slit SII is also 12 mm high, and is opera-
. ted simuitaneously with'SI; both open bilaterally, are of
equal width, and are read'directly in thousandths of a mm
on the slit micrometer.

Three mounts permit the use of filters or shutters.
Generélly one uses -

1. LiF filter - used from 5 to 9.5M to reduce effects of
i scatpered light, especlally of shorter

wave-lengths.
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2. Glass filter - used from 9.5 to 15A. |
3. Opaqué shutter of glass aluminised on both sides.

. The prism congists in our case of a single crystal of
rock salt (NgGl), of which the apex angle 1is 60° and face 60
by 75 mm., It is fixed in position, and conséquently does not
always operate in the position of minimum deviation. The in-
struﬁent 1s designed to operate with any of the following
three prisms, which are specially mounted on separate tables
to facillitate interchangeability.

1. NaCl used from 2.5 to 15M,
2. KBr used from 10 to 25M.
'3, LiF used from 2.5 to 5.5M

As the temperature coefficlents of the refractive indi-
ces of the prisms are large, MV, mounted on the prism table, '
ls rétated by means of a bimetallic strip to make the drum
settihg for a wave-length invarliant wlth temperaturs. ‘Each
prism has 1ts own table and mirror with the correct strip or
element mounted on the table,

The thermocouple is a high vacuum type of thermocbuple
~with a response time of one second. It 1s extremelj sensi-
tive, and is 95% compensated for temperature drift. It 1s
accompanied by a carbon "getter bulb" to maintain a high
vacuum, which increases sensitivity. |

Mw 13 the wave-drive micrometer which rotates the Litt-
row mirror 9 ° of arc for 2000 divisions. D is the bimetallic
strip temperature compensator. mentioned above. C 1s the cell

for gas absorption. The windows are of NaCl throughout, as
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glass, quartz, etc., absorb strongly in the "Infrared.
Optical Path: | : _ .

'Radiation from the gldébar falls on MI, 1is refledtéd on
to MII, and focused.through the sample cell C on the entrance
slit., The glit image then falls on MIII, the off-axis para-
bola, is collimated by it, dispersed by the prism ontb the
Littrow mirfof, which returns it through the prism onto Para-
blic MIII, which focuses it, after reflection by MV, as a
spectrum on the exit alit. This exit slit selects a certailn
rangé of wave-lengths depending on 1ts setting, and with the
ald of baffles prevents scattered light from passing onto the
thermocouple; The light now falls on MVII, and is focused on
one of two opposed’thermocouple junctions. The purpose of
these two Junctlons ls to compenaate for temperature drift by
oppositely directed emfs. The total path length ié 195 cms.
Amplification: ' 4

The emf generated by the thermocouple is led by a cable,
which is shielded electrically, magneticallyl and thermally,
to the input side of our G,E, amplifier. This amplifier con-
verts minute D.C. input voltages from. the thermocouple to A.C.
by means of a motor-drlven circult bfeaker, amplifies this
small A,C., voltage, rectifies it by means of a second syn-
chronous circuit breaker, and passes 1t throdgh a Tllter to
the recorder mechanism.
Recording:

Our recording unit is a Brown electronik recorder, con-

sisting of a constant speed chart, (this speed is adjustable
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by changing gear rétios), with recording ven operated by a

gelf-balancing wheatstone bridge. The scale is linear in

_energy falling on the thermocouple,

Ad Justument: -

| The Perkin-Elmer booklets recommend a rather long pro-

cedure for the assembly, adjustment, and optical alignment

of the spectrometer. However, in view of the fact that the

instrument is properly adjusted before leaving the factory,

a more silmple procedure is, in general, posgslible, and is ad-

vigable under ordinary clrcumstances.

Recommended Procedure: |

1. Mount all NaCl windows and the shutters provided with
great care, to prevent water vapour, marks, etc., from
gpolling thelr surfaces, |

2. Adjust the slits with prec;sion, so that'they are paral-
lel and close to zero simultaneously, then adjust the
8lit micrometer to réad zero at this positlon.

3. Check that the éource image 1s focused on the entrance
slit.

4,- Check that the entrance slit imége falls directly on the
exit slit. |

5. Check that the exit slit lmage ls focused on one of the
thermocouple Jjunctions. | '

If at any point the appératus falls to satlsfy one of these

conditions, 1t 1s necessary to check the Perkin-Elmer pro-

cedure_from then on, avolding, wherever possible{ the 4iff-

icult adjustment of the collimating and focusing umirrors,
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especially the off-axls parabola, upon whose performance the

ultiﬁate regsolution of the instrument depends. The full Per-

kin-Elmer procedure 1s not given here gince it 1s readily
avallable and quite lengthyﬂ

- Perkin-Elmer suggests - -that when the instrument is prop-
erly adjusted, it will easlly resolve the 4.2 M CO, band into

a nice doublet. That our instrument does so can be seen from

photo VII. The 4.2 M band is the sharp minimum on the far

left of the photo, occurring at a drum reading of about 1640.

The following procedure is recbmmended in using the in-
frared spectrometer, to obtaln a chart of energy versus

on the recorder.

‘1. Declde on the region to be scanned,

2, Deéide what compromise betweeh regolution and étébility
is to be made. BSet the gainicontrol accordingly.

3. Select the deslred speed for the wave-length drive, re-
membering that the thermocouple response time i1s one sec-
ond, and that resolution is inversely proportional to the
speed, sensitivity is inversely proportional to the squafe
of the speed. Set the wave-drive gear shift accordingly.

4, Select the proper shutter for the region.

5. Set the slit-width to such a value that upon scanning the
region by hand, the separation of the maximum and mini-
mum recorder readings is about 4/5 of full scale deflec-
tion.

6. Set the zero balance so that neilther the mazlmum nor the

minimum 1s off the scale.
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T. Record all settings.

8. Start operation by means of the master switch,

9. Mark suitable wave-drive settings on the chart by means
of ﬁhe test-microvolt switch on the aﬁplifier during the
operation. Thie 1s known as a fiduclal wave-length mark-
er, as 1t provides us_with a fixed basis of comparison.

In general, one may wish to. scan the whole region .in
steps, to locate bands in a -substance's spectrum, or one may
wish to know the shape of the abgorption versus Y curve.

For the former purpose the auto-stop switch is left on, and

will stop pen, chart, and motor after eaqh 1000 divislons on

the micro-wave-drive drum. This allows for adjustments in
slit-width, etc., as may be expedient.

The prededing procedure 1is entirely satisfactory for
wave-length or fredquency readings and checks, provided that
the bands do not fall among strong bands of atmospheric water
and 002, which form sharp maxima and minima on our black-body
radlation curve,

In cases where opticalvdensity or quantitative intensl-
. ties of energy transmitted are desired to be measured, it 1s
necessary to compare the deflections_with and without the
sample in the beam, without disturbing any of the settlngs.
The treatment of these readings wlll be given in the next
section. _

The power setting of the globar 1s lmportant in cases
where performances are to be repeated, in that the tempera-

ture of the globar determines both the shape of the black-
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body radiation curve and the intensity in any given wave-length

reglon. This 1s particularly true near the peak of the curve.

(D) Calibfation of the spectrometer:

After the gpectrometer was properly adjusted and tested
fof pérformance, the next step was to calibraie it, in such
a way as to assoclate a'wave-drive drum setting with a fre-
guency in en L, p

The general procedure involved required a scanning of the
‘spectrum from 3 to 154/, with sultable absorbers in the opti~
cal path. These absorbers have absorption bands of which the
general appearance and frequencles of absorption maxima are
well known by virtue of previous work with gratings and spec-
trometers of comparable resolving power. This 1s important
In order that frequencles glven be of use for our calibration.
We used the absorption bands of H-0, 002, and NH3; and ident-
ification was made from R.S.I. 13, 515, 1942, (ref. 9), where
curves are shown for grating and spectrometer of comparable
regolving power. '

| TABLE I shows the condiﬁions under which the calibration

charts were recorded.

SUBSTANCE REGION CELL LENGTH PRESSURE SLIT WIDTH GAIN.PHQTO

Co, 15 =% 144 40 em 150 um 0.15 mm 10 V

NH 13—>8M 10 cm 100 mm 0.5 mm 9.6 VI

280} 8 —»4M in atmosphere 0. 050mm 10 ViI
o .

NH3 10 cm 300 mm

H20 3 —~>»2.54 in atmosp‘nere} '0.020mm io VIII

CO2 ' 40 cm low
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For the HEO bands, that water present in the atmosphere at
about 40% R.H. was sufficient ﬁhroughout. |

The CO, was introduced by means of a small tray of dry
ice in the first hqusing, which has a path 1ength_of 40 cm,
The pressure of the 002 wouid be low but is not critical for
these readings.

In order to examine the NH3 absorption bands, a gés-fill-
ing apparatus was constructed, consisting of a high-vacuun '
pump, a manometer, a cell-filling outlet, a Ca012 drying tube,
aﬂd a NH3 generator. FIGURE X shows this apparatus. '

The 10 cm gas abéorption_cell was fltted with suitable
inlet and outlet tubes and jolned to the system, the whole of
which was then evacuated. The pump was then cut off and the
NH4OH'wérmed until there was NH3 at the deslred pressure in
the cell. The cell was then removed from the system and plac-
ed in its proper position on the spectrometer.

| It 1s to be noted that some of the conditlions of pressure,
slit-width, globar power, amplifler gain, eﬁc., may be varied
from the values we used if sultable adjustments of the others
are made, Geﬁérally speaking, the slit-widths used are the
smallest which permit reasonable enefgies to reach the thermo-
couple, so that the slgnal to nolise ratio may be high.

Four charts were obtained for sections in the region from
3 to 15 M4 using the procedure outlined, carefuily'marking wave
drive settings every 25 divisions by means of our fiducial
wave-length marker. These charts are shown in photos V, VI,

VII, and VIII.
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TABLE II showsg drum readings measured from these charts,

- -1
versus. frequencies in ocm .

1.

DRUM READING FREQUENCY in cm”™ SUBSTANGE PHOTO
CHART GRAPH

517 667.0 co, v -

589 : 720.7 co2 \'§ IX

T48 807.7 NHS . VI IX

798 o1 :: oo

798 . : 28,2

807 83 O . 9 (1] H 1]

812 833 . o 1] 1t (1]

814 834.8 - " "

843 848.0 " : " "

855 854,0 " " "

885 868 . 2 - 1 1] l_t

893 872 . 7 1t 1] 1]
94T 888.3 " _ " "
955 892.4 _ " '

984 , 908.4 " " "
1049 . 948 . 8 . (1] ‘ 1t u
1055 952 . O 1] 1] -
1082 . 972 .4 1] " 1"
1111 . 992,8 " e
1131 1007.2 " " "
1136 . 1012.6 " " n
1155 1027.3 ' " 1 r
1161 . 1033.8 " L J
1177 1046.9 ‘ " ' ! !
1184 10544 " a !
1198 1066.3 " a !
1207 '1075.8 " " |
1218 1085.1 " . "
1228 . 1096.1 " ! !
1236 ) 1104.1 " ' "
1248 1117.4 " L "
1253 1123,0 " ' "
1268 . 1141.3 : L |
1284 1159.7 . '-' n "
1298 1177.9 " i 1
1313 1195.9 ~
1325 1213, 4 " S IXX
1337 1231.1 " ! non
1355.7 1261 - HZ0 V¥I N
1361.5 1272 ‘ ;

1389 1314 " : %
1391.6 1320 n :_ L
1403 - , 1340 " n !
1415 1363 ; - fl "
1420. 3 1376‘ ' :: n 1]
1427.5 1588 1t no 1
1430,7 1396 ' .

cont'd
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TABLE II continued

DRUM READING FREQUENCY in cm~+ SUBSTANCE PHOTO
' CHART GRAPH

1225 ' 1206 HO VII X
1441, 7 1420 &
1447 1431 iy ! !
1449 1437 f " n

1454 .2 1449 . " "
1458 1459 . 1 l.l 1
1461 1466 " " "
1464 .4 1474 " " wee
1470.5 1491 " " "
1473.5 1498 " " "
1477 1508 " " "
1480.3 1518 " ] "
1481.8 1523 : " " "
1486, 4 1535 " " "
1489 ) 1542 " " "
1495 1560 1) it 1]
1498.5 1571 1] 1] . 1
1501.4 1578 ' " f f
1506.8 1596 " . )
1514 1618 Ny : "
1516 _ 1624 ; 'L "
1519.4 1637 " . y
1524 1649 " "
1527.3 1664 " x :
1529.5 1671 " " 1"
1533 1685 - S u
1537 1700 : "
1541.5 1718 " : y
1545, 7 1736 i B "
1549 1751 " ' ;
1554.5 1774 " .
1559.5 1794 " : X,XI
1562.5 1812 " : : .
1567 1830 :: 1] 1 1"
%g;g %gz,;g n t 1] " -
1579 1891 " ] W, u
1882.5 1911 " ) M
1585 192 '
1588.5 1944 no " "ol
%gg? 3 %ggg . :: " i ]
1gﬁ2 2326 €0, - . XI
16 2367
1703 3217 NH3 VEII :
1708 3337 "
1711 3434 - " ) N
1718 - 3617 H,0 : N
1722 3741 ’ n |.| "
1726 3882 .
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We have plotted these readings on three graphs for the

regions 700 to 1300 cm'l; 1200 to 2000 cm-% and 1800 to 3900

em~L. Photos IX, X, .and XI show these graphs. From them we
can obtain directly the frequency 1n'cm'1 of-any absorption
maximum which we may observe at any wave-drive setting in the
region calibrated. IL is gratifying to note that a recent
check indicated that the calibration has not shifted.

An attempt was made to fit a cublc equation to the cen-
tral region of the callibration curve by the method of least
squares, but the resulting equation was not accurate enough
‘to be acceptable. Such an analytical expression would be de-

sirable since our probable error would be smaller and more

accurately known.

(E) The absorption spectrum of CSj,:

From the point of view of experimental difficulties, G82
1s'one of the more troublesome materials to work witﬁ: It is
a highly volatile poisonous substance, which dlssolves most
greases, waxes, rubber, and other coﬁponents used in filling
systems and connections.

After considerable experimentation with greases we found
silicone grease was useable in stop-cocks, although 1t must
be replaced occasionally. The only wax we were able to find
which was insoluble in CS, was high-pyseal, which 1s very
brittle and fairly difficult to handle. We used it for all
glass to metal seals. Most rubbers, natural and synthetic,
are affected by CS,. They swell to many times their natural
slze. Neoprene was the least affected in teéts made by us,
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and therefore we used 1t for gaskets and flexlble connectlons.

The method used to deterimine the frequencies of the C5p
absorption bands is as follows:- successive "aweeps" of the
entire region from 15 M to 2AM were made with and without
082 in the 10 cm cell. Comparison of the charts obtained in-
dlcated one very sastrong and two medium bands. A slmilar pro-
cedure with the one meter cell indicated three more bands
which are falrly weak. Each of these bands was then examlned
,carefully; using minimum useable slit-width, maximum power,
maximum gain, and miniwmum speed, to give<the best possible
results,

For each band the instrument was run with shutter closed,
both before and after the small region to be examined. The
line jJoining these "end-traces" was then used as our base line
from which to measure the infensity 6f radiation falling on
the- thermocouple in a glven region. For \13 for 1nstanc§,
the machine was run from drum-reading 1465 to 1475 with shut-
ter closéd, from 1475 to 1495 with shutter open, and fiducial
marks were made at 1481 and 1491 divisions by means of the
tést-mlcrovolt switch on the amplifier. From'ﬁharté taken

wifh the cell evacuated and then filled with CS we measured

_ 2’
the energy transmitted (which is linear on the chart), for
'every 2 wave-drum division. The % transmission for ng is

given by CS,_reading yx 100. For each of the bands we plotted
vacuo rdg, : ,

% transmission versus drum readings, which are convertible to

frequencles by our calibratlon graphs.

- em e -
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IV RESULTS . |
Six bands due to 082 were found between 12 and 3 M.,

Photos XII to XVI show the graphs of % transmission versus
wave-drive reading for all six, Various pressures-aﬁd cell-
lengths were used, from a "trace" in the 10 cm cell for vﬁB’
to approximately 30 cm Hg in the one meter cell for V3 - Vl.

The band.at 6.52/":13 by far the strongest, and hence
may be expected to be one of the fundamentals. As Vl is in-
active in the infrared, this band must be either 'V2 or )’3.
However, according to our theory (pages 16, 17, 18), V¥, is
a perpendicular band with a strong central Q branch, and.y3
is a parallel band with the Q branch missing; hence 'V3 will
appear as a doublet. On this basis the band at 6;5M 1s V.,
and the central peak transmission corresponds to the centre
of the band. The glde-band is attributed to the isotope
effect.

All of the other bands can be written as simple combina-
tion or difference bands., TABLE iII gives the glx bands ob-

gerved in 682 vapor.

BAND DRUM READING METHOD FREQUENCY PROBABLE ERROR
3.38M 1688.5 2 rdgs. 2959 eml %6 om!
3.51M 1681.0 2 rdgs. 2838 cm~ ! +6 cm~ 1
h,ogM 1640. 0 1 rdg. 2332 cm”t +5 cn~t
4 ,58m 1623.45 4 rdgs. 2185 cm'l +5 cm"l
6.52m 1846.75 6 rdgs. 1535 cm™t *2 cn™t
11.4M 928.0 1 rdg. 887'?‘cm_l b cm.1
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TABLE IV gives these six bands’, together with the two other
fundamentals V¥, and V.
IOWER UPPER BEST VALUES 1947 PLYLER EDWARDS

- BAND TERM STATE STATE to 1945 & HUMPHREYS MITCHNER
: n.n,ln; nn,In HERZBERG oba. calc. & ROGERS
172713 H172™3 . . . obs

v, 00001000 656.5 -~ 655% -

Vi 00000110 396.7 - 397 -

Yy 00000001 1523 1535 1535% 1535
VAV, 10000001 878 879 880 877
Vi+Vs 00001001 2183.9 2184 2190 2185
Vita¥a 00000221 2329 2336 2329 - 2332
V3+2¥, 00002001 - 2857 2845 2838

V,+V4#2¥y 00001201 - - 2959 2984 2959

# these values used to célculate frequencies of combination; 
and differenee bands. . _
The calculated values of Plyler & Humphreys are obtalned bj
| assuming that ngiis éo heavy a molecule that anharmoniclty

effects are small,

The values we obtalned agree very well wiﬁh the best
data obtainable. The one exception 1is our value of 2838 cm-1
for V3+2 Vi. lThe ex_pe'-gitnental error is insufficlent to aé—

ST -1
count for the difference of 19 cm between our value and

that of Plyler & Humphreys.
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V CONCLUSIONS

We have successfully set up the Perkin-Elmer
spectrometer and associated lnstruments, calibrated it, and
apprlied it to CS2 in the vapor phase.

We have verified the ffequencies at which six major vi-
brational_bands of 082 occur in the vapor, as given by Plyler
& Humphreys. Of particular importance 1s our confirmation of
their value for VB' As shown on page 14, this VB- 1535 om~ 1
gives a better value for the force constant k than 1s obtained

by Herzberg from V ,=1523 cm~l. The new value of k = 7.1%10°
3

1
dynes/cm is in better agreement with the value obtained from
‘Vl’ and shows that. the valencelforce approximation method is
Justifiably applied to GSQ.

The work remaining to be done includes a search for nlne.
more bands which fall in our region and were found by Plyler
& Humphreys in the liquid only. In addition to.these bands
there should be side-bands due to isotope effects which could
be measured. |

Finally, the work at varlous pressures and temperatures

remalns to be done to determine the effects of assqciation on

the frequencies at which the bands appear.

- em pam  me
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