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PREFACE

Over.a year ago when the opportunity of writing a thesis arose,

I decided to do some type of research using the infrared spectrophoto

meter as a tool. Then it was a mere idea, but this idea has grown from

a seed of curiosity to a plateau of objective and logical study. My exact 

use of the IR-81 was not known to me until a few months ago. Until then,

• I spent much of the time looking for possible experiments which would

be rewarding and at the same time different from the many experiments I

had already completed in my formal chemistry courses.

I finally settled on a problem which, at the time, seemed gigantic 

but possible to overcome. As time went by, I experienced many frustra

ting times that other scientists and researchers must face. My ideas and

methods did not always work out as planned, and often there seemed to

be no direction to turn. The creative process, however, allowed me to

rise above this crisis and begin to appreciate the built-in problems of

research.

This paoer, then, attempts to study the infrared spectrum of possible

free radicals obtainable from the parent gas dichlorodifluoromethane.

For me, though, the success of the project is relative, compared with

the wealth of knowledge I acquired from the scientific experience.

1 The IR-8 is the commercial name of particular spectrophotometer 

made by Beckman on which the experiments were carried out.
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To begin to have an understanding of the work I have done, one

must have some basic terms defined, and a brief history of background

information given. By definition, "an atom or grouo of atoms possessing

o
an odd (unpaired) electron is called a free radical." This gives one the

scientific jargon, explaining what the paper deals with, but the definition

is superficial in light of the history behind such a definition.

The term "free radical" was first introduced by Lavoisier in 1789

and from then on had a dynamic meaning until Moses Gomberg settled the

fury surrounding the species by his discovery of the triphenylmethyl rad

ical .

Lavoisier used the concept of a free radical for single elements in

inorganic acids. After a time, the term "radical" as applied to elements

passed out of existence, but it was still used when referring to groups or

combinations of atoms. Gay-Lussac's discovery of cyanogen gave the

free radical life again. Since the method of gas density determinations

had not yet been discovered, no one could have known that Gay-L ussac's 

g
CN free radical was actually a dimer.

In the 1830's, the free radical was used whenever a scientist did

not fully understand a reaction. Some scientists threw the concept

2
Robert Neilson Boyd and Robert Thornton Morrison, Organic 

Chemistry II (Boston 1966), p. 43.

A compound m which two molecules of the same substance are 
joined together so as to be considered as a single entity.

1
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around to suit their own convenience.

Ten years later, the radical appeared again in a more refined way.

Kolbe electrolyzed solutions and obtained gases which he interpreted as

free radicals. For example,^ CgHg. C2O3 + HO__ +2COg+ H

acetic acid water methyl carbon hydrogen
dioxide

After much experimentation in this area, many experimenters found these

free radicals to be actually dimers. More experimentation was made

and many ideas regarding valence, bonding, etc., were questioned. In

the meantime, free radicals had had it. No one believed in their exist

ence, and the term radical was put on the shelf and brought out on special

occasions when the need arose to understand a series of reactions which

could not be interpreted in any other way.

Finally, Moses Gomberg made a discovery which would give

eternal life to the free radical in chemistry. Gomberg's experiments

had really nothing to do with free radicals until he attempted to syn

thesize a compound which, for the most part, was an impossible pro

duct of the reaction performed. Gomberg had successfully prepared

tetraphenylmethane and was now attempting to synthesize hexaphenyl- 

5
ethane, the next fully phenylated hydrocarbon.

4Dr. Aaron J. Ihde, International Symposium on Free Radicals 

(London, 1966), p. 90.

5
Ibid., pp. 91 -92.
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A series of reactions gave Gomberg products which he at first

believed to be hexaphenylethane, but analysis of percent carbon and

hydrogen proved that these products were not the anticipated ones.

The yellow-colored solution which resulted from the reaction con

vinced Gomberg, after much study, that he was creating a radical,

the triphenymethyl radical.

triphenylmethyl radical

From the diagram, one can see that the species is uncharged

but has a free (unpaired) electron. The unpaired electron gives the

radical its character and allows it to have many properties which are

affected by magnetic fields and magnetic species.

Since Gomberg, free radicals have become important. Many

new radicals are being discovered and those previously hypothesized

are being shown to exist. Many of these radicals have short lifetimes,

i. e. they do not exist long before being destroyed by collisions with

the walls of the container, themselves, and other molecules. It is in

/
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these short-lived free radicals I found the material needed to complete

my thesis.

The particular radicals which I was trying to isolate were

difluoromethylene and dichloromethylene. The former has a half life

of one second, i. e. half of the remaining amount of radical is des

troyed each second.® The half life of: CCl^ is probably comparable to 

that of: CF2 although no exact value is given in the literature. As one

can see, both radicals are triatomic molecules and can be described

,8 o S

These then are the species which I have tried to create and observe in

my experiment.

°H. H. Jaffe' and Milton Orchin, Theory and Applications of 
Ultraviolet Spectroscopy (New York, 1962), p. 452.

7The ground state configuration is taken to be a triplet; a con

dition of parallel electron spins.

®C. W. Mathews, J. Chem. Phys. 45, 1068 (1966).

^Lester Andrews, J. Chem. Phys. 48, 979 (1968).
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In the previous section, I mentioned the radicals I wanted to

create. The question should arise: how do I create these radicals,

and once they are created, how do I study them with infrared light?

This section will deal with this question, but first some background

in the terms used to talk about light and its varied aspects is necessary.

Spectroscopy is much like examining an object visually to see what

its properties are. By seeing which different wavelengths of light are

absorbed, we can find out much information about the molecule's

structure. Basically then, we are dealing with light of different wave

lengths and how they affect our molecule.

We know that light can be talked about on two levels: its wave

nature and its particle nature. The wave nature and its effect on

molecules is due to its electrical properties. Light also has mag

netic properties, but they are not important here. The rate at which 

light travels is about 3x1 01 0 cm/sec. When we speak of the frequency 

of waves, we are talking about the number of waves which pass a point 

in one second. If we let'll (Nu) represent frequency, A (Lambda) re

present wavelength, and c represent the speed of light, we can set up 

the relation’ll = c. Frequency is measured in terms of cycles/sec or

A
sometimes Hertz (Hz)J° Another important relation in spectroscopy is

•p = 1.
A

Aone Hertz (Hz) =1 cycle/sec.
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This quantity u , the wave number, is measured in cm and is con

venient when speaking of certain wavelengths of light particularly in the

infrared range.

The other nature of light is the particle nature where light is

considered as discrete units or light packages. Quanta is a better

name for these particles and these quanta allow us to speak of amounts

of light being absorbed. Although light as a particle and light as a wave

have many dissimilar properties, they are closely related. Around the

turn of the century, Max Planck discovered this relationship and wrote

it thusly, ££ = h*y where is the energy of a quantum, h is a 

constant named after Planck^ and'XJ remains as previously defined.

With these basics, one can be brought closer to understanding

my work. In using the infrared spectrophotometer, I was dealing with 

—1 —1 12
wavelengths 0.003 cm to 0.00025 cm or 4000 cm to 600 cm

Wavelengths of light in this region affect the vibrations of the atoms of

a molecule with regard to bonds. I used the infrared spectrophoto

meter to measure what wavelengths of light affected my radicals and

how much it affected them.

After giving the reader a hint at the generalities of infrared

■f "j • - • _ r~y-7
Planck's constant h =6.6242x10 erg-sec.

1 2
Gordon M. Barrow, Introduction to Molecular Spectroscopy 

(New York, 1962), p. 5.
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spectrophotometry, I feel obliged to go into some detail in order that

one may have a working knowledge of photometry in this region. Funda

mentally, the theory used to talk about radiation activation of chemical

bonds by infrared light is a classical one. The theory considers chem-

ical bonds to be likened to balls attached by springs. For the simplest

case and a start in the direction of the theory, we consider a single

ball attached to a spring and the spring attached to a wall. From class-

equilibrium stretched compressed

ical physics, the relation for force in this instance is based on Hooke's

law which is f x (1)

or f = -kx (2)

where f is the restoring force, k the constant, and x the displacement of

the ball from the equilibrium position. The minus sign in front of k is

used to make k positive since the force acts in the opposit direction of in

creasing x. The constant k is known as the force constant and is a

measure of the stiffness of the particular spring. Easily compressed

springs have a low k value whereas difficult springs to compress have

high k values.

If we examine the motion of the ball when we release it, we see
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that it is periodic in time. In order to solve our force equation, we

must represent x then by some periodic function of time. The ones

we can use are x = A sin (const)t or

x = A cos (const )t since (3)

we know from trigonometry that they are periodical.

We must now examine the meaning of the constant in equation (3).

It is convenient, when speaking of periodic motion, to write this constant

of t as 2 IT "V where U is the frequency of oscillation. One can see

. this relation by looking at the cosine function and realizing this function

completes a cycle everytime 2lT^t increases by 2IT . This happens

when t = 1 .
V

Left in describing this spring system is the problem of relating

the mass of the ball and k toX> . Through another physics equation,

we have the tools we need. This equation f = ma or f = m d2x allows 
Tit

us to create an equality involving all the terms we need, having the form

-kx = m d2x or /-k \ x = d2x (4)
dt^ \ m) dt2

If we substitute for x and its second derivative, we have the

equation,

-k A cos (2TTZ>t) = - ATT 2 V 2 A cos (2TTDt). The 

m
A cos (2 IT ~l) t) term cancels and we can see that k = - 4JT2 TJ 2 or 

m



9

This equation gives us a way to relate frequency to k and the mass of

the ball. Later on, we shall see the importance of this

In order to approach the actual situation in molecules, we must

develop the case of two balls of equal masses attached by a spring.

These balls can be thought to be resting on a frictionless table or sus

pended by long chords. -----

equilibrium
I I

extended

compressed1 fr'Wmbt !
1 i

- O T- ~ o ’**
I 1
t I

The force on these two balls is dependent only on the extension or com

pression of the spring. The extension of the spring is written as x2~x-, , 

and we can write the force using the same equation as before except now 

the displacement is represented by Xg-x-) * instead of x, so f = -k(x2-x^ 

As before the Newtonian expression for force may be equated to Hooke's

law, but now there appears an expression for each ball.

2
-k (x2-x-,) = m2 d x2 

dt2

2
k (X2~x1) = m1 d x1 (7)

dt2
The change in sign for the k value in equations (6) and (7) results from

the direction the force is acting on each ball.

Again as before, this expression will become true if periodic 

functions are substituted for x-j , x2 and their second derivatives. We know

• - )
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than x1 = A-, cos (2lW t) 

x2 ~ A2 cos (277^ t)

(8)

(9)

and if the second derivatives of these are put into equations (6) and (7),

we will get

- k (A2cos (27TZ> t).-A-,cos (2I71> t) = - 471 2'V 2 a2 cos (2TTX>t) (10) 

k (A2 cos (2TTV t) - A1 cos (2pZ> t) = - 4Tt2V A-jCOS (2TT2J t) (11)

The cos (2TtZ) t) terms may be cancelled and the expressions rearranged

to give (- k) A-j = (477 2 D 2 m2~k) A2 (12)

(-4 77 2U 2 m1 + k)A1=kA2 (13)

If one equation is divided by the other and rearranged, this is the result

ing equation: 4 77 2 "V 2 = m-| +m2 (14)

k m-| m2

or D =1_ [T* (15)
277»

where equals m.| m2/(m-j +m2) and is known as the reduced mass.

This second derivation is equivalent to a diatomic molecule.

After speaking for some time on vibrational frequencies, we must

now consider what states these frequencies come from. Since we have

been speaking from the classical viewpoint, i. e. considering atoms as

balls and bonds as springs, we must stay on the level of Newtonian physics

In more advanced studies, equations of frequency and the like are de

rived from ideas developed by Schrodinger.

If we return to an equation given earlier = hT? (1 6)

an equation can be obtained for the allowed vibrational energies which

is given as A& = h 1) (v+l£) v = 0, 1 , 2, 0 7)
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v in this case is known as the vibrational quantum number.

When integers from 0 on up are put into equation (17), we find 

the classical vibrational energy states e.g. v = 0 ' £ = hl)

v =1 €r = 3/2 hl) etc. From the equation, we also note that

even at absolute zero temperature all atoms do not attain a vibration

less state but still retain an energy equivalent to hl) .

By substituting expressions for frequencies obtained from the

vibrating ball (eq. 5) and the two vibrating balls (eq. 15) into equation

(17), we can find energies of vibrating levels.

A6=_h_ [T (v«HC v=0, 1, 2, ’ • • (18)
2TT V m

A6 =J2_ j k (v-J*^) v=0, 1,2, • • • (19)
217 Y

These different vibrational energy levels are what concern me in my

investigation of free radicals for it is a transition of the molecule from

one vibrational energy state to another which gives a characteristic ab-

sorbtion spectrum. This transition is usually a transition from the

ground state (v = 0) to the first vibrational energy level (v = 1) and is

known as a fundamental vibration. A further in-depth study of these

13basic concepts of infrared spectroscopy may be found in the literature.

The other question which I want to deal with concerns the method

of production of radicals. The technique I used is known as flash

photolysis. This is a parti cularly useful technique when dealing with

1 ^Gordon M. 

1964), pp. 59-105.
Barrow,' The Structure of Molecules (New York,
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species of short-lived duration. A severe amount of short-lived

(10 sec) radiation, created through the flash (about lO'-’joules) of a

bright light, produces instantaneously a high concentration of short

lived radicals. This technique is preferred to a constant bombard

ment of light at low intensity because it does build up such a high

concentration of radicals. Constant bombardment could only be

useful up to a point since the lifetime of the radicals would seriously

hinder anything above a certain concentration.

The molecule dissociates into radicals due to this immense

amound of light energy of all wavelengths, although the shorter

wavelengths are more important since they carry more energy. The

energy dissociates the molecules since it causes vibrations within the

molecule which results in destruction of the bond. This energy of 

dissociation (E^igg) reaching the parent molecules must be a maximum 

to produce the radicals. Further theory of flash photolysis may be

found in the literature.

14Walter J. Moore, Physical Chemistry III (London, 1971), 

pp. 833-834.
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In the previous few pages I described, very basically, the

theory behind infrared spectroscopy. If we carry this theory further,

we can actually begin to calculate the wavelengths of light needed to

cause the fundamental vibrations of simple molecules like the free

radicals: CF? and: CC1O. The development of this theory would re

quire more space than this thesis is able to produce so I will use the

equation needed to calculate these frequencies. Further development 

1 5
of the theory may be found in the literature.

I will begin by calculating the approximate vibrational fre

quencies for: CFg and then do: CClg- I use the word approximate

because the theory rests on several different force constants which

vary with the particular conditions you have in your experiment.

There are basically two types of vibrations, a stretching vibration

and a bending vibration. Like our spring, the bonds in the molecules

have a constant which measures the strength of the particular bond

in the particular molecule. The strength is given in dynes/cm and 

is usually of the order of 105. For the: CFg radical the stretching 

constant is given by Herzberg as 5.96 x 1 05 dyne/cm and the bending 

constant as 0.76 x 1 0^ dyne/cmJ®

1 5Gordon M. Barrow, Introduction to Molecular Spectroscopy 
(McGraw-Hill Book Company Inc., 1962.)

1 6Gerhard Herzberg, Molecular Spectra and Molecular Stru- 
ture (New York, 1945), p. 193.
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The bending force constant is equal to Rm. where r refers 
-p— cf
r cf

to the square of the bond length between carbon and fluorine. The litera

ture, however,, gives the force constant for the bonds between carbon,

fluorine and hydrogen and uses the carbon-hydrogen bond length squared

as the divisor. Obviously, for my calculations, this will not do. I must

have the bond length between carbon and fluorine as the divisor. Since I

cannot readily obtain this value through experimental methods, I used

a ratio between bond lengths in various molecules to correct the force

constant. The bond lengths in various compounds are given in the 

17literature and reproduced in the following table.

Molecules CF

chcif2 
Cn Ho F" p

ch2f2

1 .36 
1 .32 

1 .36

avg 1.35

CH

1 .06 
1 .07
1 .09

avg 1 .07
(bond lengths in A)

The ratio between C-F and C-H bond lengths is 1 .26. If this value is

squared and divided into the bending force constant value, we have a

corrected value closer to the actual for the: CF radical. This

, r cf
result is .48 dyne/cm.

From now on, all we have to do is plug in the value for force

constants and bond angles. The formula to which these values are

Handbook of Chemistry and Physics (1969), p. F-155,17
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put is A = b11"to22 \ ± / b11 

\.a1 1 a22 / V \.al 1

b22 j 

a22/

-8b 1 2 (20)

and fl = b'33 (21)

where

l1 1 a22

a33

= 4fl 2 U 2

b11 = kcf sin^ + 2k< COS“X I =5.58 x 1 05 cyne/cm 
*“ r- cf

b22 - kcf COSW1 +2mf \2 + 2k*. fl
= ' , "mJ \

23.48 x 10° dyne/cm

, 2 .2+ 2mf sirwq sin©<.= 

nm

^1 +2 rrif sina<J=9l .66 x 1 05 dyne/cm 

b1p= 2kcf sines.rcSs«A+2mf\+4l<5<. sin <x. cos<

b33—kcf

r cf

1 -r2mf sinot } =15.19x10 dyne/cm

k W /
—23

el-j 1 = mf = 3.15 x 10 g/molecule

a22=rrif 1 =2 rrif -13.10.x 10 ”22 

mc
a33 = mf +2mf sin2o<. =48.43 x 10

g/ molecule

g/molecule.

The angles in the following equations is the angle between bonds, given 

for CF2 as 105°.

When the preceding values are put back into equation (20) we can

solve for the vibrational frequencies of CFg which are 

730cm -1£5 3 > 710cm 1 2 and 705cm-1 l) 1

In a similar manner, we can find the vibrational frequencies of

CC12 ■ The force constant given by Herzberg for the C-Cl stretch of a 

radical is 3.87 x 1 05 dyne/cm. The bending force constant is 0.58 x 10°
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dyne/cm. i-ollowing the same procedure used before to correct the

bending force constant, we obtain a table like the following:

Molecule C-Cl C-H

CH3d 1 .78 1.11
ch2c1
CHC1F2

1 .77 1 .07
1 .73 1 .05

a vg 1.76 avg 1.08

after calculations, the corrected bending force constant for CC1 3 

is 0.22 x 10^ dyne/cm. For the following values, b33 =173.22 x 10° 

dyne/cm, b2Q=26.91 x 1 05 dyne/cm, b-j-|=3.53 x 1 05 dyne/cm, b-j 2 =

11.11 x 10° dyne/cm, a33 =39.40 x 1 0-23 g/molecule, a22= 40.64 x 

1 0“2® s/molecule, a-j-j = 5.sg x 1 0~^3 and»< = 100°, vibrational fre

quencies of 111 0 cm 11?3 432 cm 423cm Z> •) can be deduced.

As I mentioned before, these values are only approximations and

give us only a general picture of the vibrational frequencies. The most

important fact to be found in these values is that the vibrational fre

quencies will be in the range of 1000cm 1 to 400cm 1 . Since the IR-8

—1can only cover wavelengths down to 600cm , some of the frequencies

could not possibly be observed.

When we speak about molecules, we must always be aware of their

kinetic energy. The kinetic energy, dependent on the speed of molecules,

is generally a measurement of the molecule's translational energy or

energy of motion. This is especially important when one creates free
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radicals since radicals are easily destroyed by bumping into other mole

cules, the walls of the container, and any other obstacles. Kinetic

energy is also dependent on the temperature and follows the equation 

E^^/SRT where R is the. gas constant and T is the temperature in degrees 

Kelvin. We can see then that the average kinetic energy increases as

the temperature increases. The higher the temperature, the faster our

radicals are moving and being destroyed.

The number of collisions increases as the concentration of mole

cules increases and is another reason for the destruction of free radicals. 

The gas follows the equation Z^ -| = TT N“ d^c /f~2 where, Z^ is the number 

of collisions/sec-cc, N is the number of molecules/cc, c is the average

speed of the molecules and d is the diameter of the molecules when

considered as spheres. We can see then that as N or the number of

molecules increases the number of collisions increases and hence the

rate of destruction of our radicals increases.

There are two ways I could overcome this situation and manage

to keep the radicals around long enough to get a spectrum. The first in

volves cooling the gas and keeping concentration constant so it has less

kinetic energy and collisions/sec. The second takes into consideration

concentration or varying N. If we make the concentration small and

keep the temperature constant, we are in effect decreasing the number

of collisions by decreasing the number of potential collision makers.

In order to use the first method mentioned above, one usually
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dissolves the gas in a solid inert gas at liquid helium temperatures

which is near absolute zero, A solid greatly restricts the kinetic

energy, turning most of it into lattice vibrations or vibrations of the

solid matrix material and thus reducing collision frequency. However,

the apparatus needed to do this requires much in the line of instrumenta

tion that was not available to me. I attacked the matter in a slightly

different manner by first finding what solvents dissolved my gas.

One solvent was water, and I immediately began to think of a solid made

up of water in which I could dissolve my gas.

A solid such as clear gelatin could be used if the gelatin did not

interfere with the vibrational frequencies of my radicals. When tested

for this, the gelatin was found not to have any significant absorption

peaks of its own. This was a step forward for me, but every step for

ward required three steps backward. Now, a way had to be found to 

make cells containing the gelatin and to keep the gelatin from melting

by heat given off by the IR-8. These problems were overcome, but

new problems stood in the way. These problems were also overcome

so that I began to feel true accomplishment. Only the last step was left, 

dissolving the gas in the gelatin and flashing it repeatedly to create

the radicals. Unfortunately; the gas could not be dissolved in the

gelatin solution to any significant degree. Accomplishment became

failure.

Using the gas at room temperature, I now approached the prob
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lem in a less complex manner. This involves the second method of

curves should theoretically create a point where the concentration of

radicals is a maximum. Hopefully, this concentration is great enough

to be picked up by the IR-8.

The IR-8 has its own gas cell provided. However, after doing

some calculating with bond strengths, I found an energy of at least

128 Kcal/mole was needed to break the carbon-fluorine bond and 93

Kcal/mole to break the carbon-chlorine bond in order to create my

radicals. If these energies are converted to wavelengths, the carbon- 

fluorine bond requires a wavelength of 224 nryic , and the carbon- 

chlorine bond requires a 307myU. wavelength. The gas cell pro

vided will not pass wavelengths below 300myx, . Only quartz will pass 

light of shorter wavelengths.

After checking various catalogues on infrared equipment, I

found there was no cell made like the type I needed: I had encountered

another problem. . Washington State University, however, supplied me

with the necessary quartz tubing and I was able to obtain sodium chloride

windows from my own chemistry department. Sodium chloride is used

—1 —1since it passes infrared light from about 4000cm to 600cm . These

windows were glued on with epoxy cement, causing the cell to sustain

low pressures. Thus I finished my experiment using this apparatus

which is illustrated in figure (1).

•f Q _Q
Cns myx(millimicron) = 10 meters.



10mm I. D.

Wcm

Fig. 1
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In the last section, I spoke of the apparatus used in the ex

periment. In this section, I shall speak of the results.

I began by evacuating my gas cell down to a pressure of app

roximately 19mm. With the vacuum system I had, this was the

lowest pressure I could sustain. This meant then, without inject

ing the parent gas into the system I still had a residual pressure

due to the air of 19mm. I then began by injecting gas into my system

with pressures from 2mm on up to 20mm. Since the manometer

I used to take these pressures is made by use of a difference in the

mercury columns, and the reading is accurate to only three places,

I used only even numbered pressures.

After injecting my gas into the system, I was forced to wait

before running a spectrum in order to let the gas diffuse uniformly

through the system. The spectrum was then run: once using the flash

apparatus and once without it. In this way, differences in the number

of peaks could readily be compared between the two spectra.

At first, I began to obtain peaks which had never shown up on

samples run in the regular gas cell. For a time, I believed these

peaks to be those made by the free radicals. However, after I ran

a spectrum of the gas cell completely evacuated, I also found these

peaks showing up. I suspected these "new" peaks to be the result of

one of two things. One, some of the epoxy glue was smeared on the

sodium chloride windows and was causing these peaks, or two, fine



22

scratches on the sodium chloride windows scattered certain wave

lengths of light, and gave me peaks in an otherwise flat area.

Figure 2 shows the gas cell spectrum at 4mm, and the new

peaks are marked with a question mark. If one compares these

peaks to those of the evacuated cell spectrum (figure 3), a direct

correlation can be made. The spectrum of the gas at 5mm pressure

in the regular gas cell is shown in figure 4, and one-can see that the

new peaks found in the quartz cell have no basis in the regular gas

spectrum.

After several spectra of the gas were made and the peaks

which were due to the defects in the cell were accounted for, I found

the peaks due to the radicals were not showing up in the spectrum.

In order to obtain a lower base pressure in my vacuum system,

I revamped the entire system and added an inert gas inlet. I did

this in order to remove more air from the system.

Air contains oxygen which causes destruction of a free radical.

With inert gas added to this system, I hoped to dilute down the con

centration of oxygen by repeated purging or washing of the apparatus

with the inert gas. I used nitrogen for this purpose since it is rela

tively inert to free radicals. I also added a cold trap to my system

which I filled with a slush made from dry ice and acetone. The

purpose of the cold trap is to precipitate any water vapor or other

vapors due to the stopcock grease. With this new system, I was
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able to obtain minimum pressures of approximately 17mm. This pressure

was not much better than previous ones. Although the entire system had

very few leaks, a better pressure could not be obtained because of

the size of connector tubing I was forced to use. A better vacuum is

always obtained by increasing the size of the tubing and decreasing

the vacuum path length of the entire system.

With this new system, I began to set up a run by purging the

entire system with nitrogen and evacuating it. This process was

repeated at least five times before the parent gas was injected into

the cell and time allowed for it to diffuse throughout the entire system.

I ran spectra as before; once with flashing and once free from flashing.

This time, however, I added a background of continuous ultraviolet

light to the flashed spectrum. The purpose of this UV light source

was to maintain a constant concentration of high energy light quanta

on the sample. The same various pressures were used as before.

Again no new peaks were found.
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When one comes to dealing with reasons for having no signi

ficant results, there are many areas which can be looked at. First

of all, we can take into consideration problems with the apparatus.

Obviously, the inability of my system to obtain low pressures created

a significant hazard to the high concentration of radicals I needed to

get a spectrum. The oxygen in the air is a ferocious scavenger of

free radicals and air increases the number of collisions/sec, thereby

decreasing their lifetime.

Another faulty area of the apparatus was the gas cell itself.

The quartz passed light down to 200rn£i , but was this of enough

intensity to break a sufficient number of C-F bonds, which required 

wavelengths of light 224rrytt in length and shorter? If the cell had the 

potential to pass enough quanta of these wavelengths, the system

might have fallen down due to the type of flash apparatus used. The

flash unit might not have been creating light of the needed wavelengths

to any great quantity.

The second area of difficulty lies in the simple laws of nature.

Perhaps it was not feasible for me to build up a significant concen

tration of free radicals at room temperature because the kinetic energy 

remains too high. The radicals, if created, would have to go a very

short distance before being destroyed by the cell wall or another mole

cule. In effect then, the radicals' character under the specific con

ditions of the experiment were the downfall of the experiment’s success.



28

In order for'this experiment to be improved, I would suggest

changes in some areas. First, the parent gas seemed to be a major

problem in creating the free radicals. A gas such as dibromodi-

fluoromethane would probably give better results when isolating the

CFg radical since the C-Br bond requires less energy to break and,

therefore, a longer wavelength of light. This gas was to be used in

the experiment, but it was found to be very rare and expensive.

A second improvement could be made by lengthening the quartz

gas cell. This would allow the infrared light a better chance to be

absorbed by the small amount of radicals created. In recent experi-

1 9mentation, a gas cell 50cm in length was used; however, this length

would not be possible on the IR-8 because the cell cavity of the instru

ment is only 15cm in length.

Another improvement could be made by chilling the apparatus

to liquid helium temperatures. This would require a much more

elaborate apparatus to sustain the cold temperature.

A fourth method of improvement would be to find a solid matrix

material in which I could dissolve my gas, thereby reducing effects of

collision destruction.

After having surveyed all possible questions and answers to the

problem of my thesis and finding that with materials I had available, I

19D. E. Mann and B. A. Thrush, J. Chem. Phys. (33, 1732 

(1960).
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could do no better, I feel satisfied with the work I have done. Maybe

the long hours in the lab and the difficulty I had in making simple things

work was nature's way of showing me the complexities of her domain,

and why intricate instrumentation is needed to unravel these complex

ities .
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